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MAIN TOPICS:

• A NEW MACROSEISMIC SCALE :  THE ESI 2007 SCALE

2.THE  GLOBAL CATALOGUE OF EARTHQUAKE 
ENVIRONMENTAL EFFECTS



Brief history

•Since the ‘90s, the idea of a new intensity 
scale based only on environmental effects 
was promoted within the scientific 
community and successively developed in 
the frame of INQUA (International Union for 
Quaternary Research, INQUA TERPRO 
(Commission on Terrestrial Processes).

•A Working Group including geologists, 
seismologists and engineers compiled a first 
version of the scale, that was presented at 
the 16th INQUA Congress in Reno (2003),and 
updated one year later at the 32nd 
International Geological Congress in 
Florence (Italy).

•The ESI 2007 scale results from the revision 
of the former version by a world-widespread 
team of scientists.(Michetti et al., 2004)



What is ESI 2007?What is ESI 2007? The Environmental Seismic Intensity scale (ESI 
2007) is a new seismic intensity scale based only on the effects
produced on natural environment.

It has been ratified by INQUAINQUA during the 17° Congress, Cairns (28 
July – 3 August 2007).

http://www.apat.gov.it/site/enGB/Projects/INQUA_Scale/default.html/ 
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AccordingAccording toto the the originaloriginal definitiondefinition of of intensityintensity in the in the traditionaltraditional macroseismic scale, the macroseismic scale, the 
assessmentassessment of of intensityintensity degreesdegrees isis basedbased on on 
•• effectseffects on on humanshumans
•• effects  effects  on on manmademanmade structures structures EARTHQUAKE EARTHQUAKE INTENSITYINTENSITY
•• effects  effects  on on naturalnatural environmentenvironment



In the In the earlyearly versionsversions of the of the twelvetwelve degreesdegrees scalesscales the the effectseffects
of the of the earthquakesearthquakes on the on the naturalnatural environmentenvironment werewere
documenteddocumented.. TheirTheir presencepresence in the scale in the scale waswas mostlymostly due due toto
the the manymany referencesreferences toto groundground crackscracks, , landslideslandslides, and , and 
landscapelandscape modificationsmodifications..

LaterLater, in the , in the secondsecond halfhalf of the XX of the XX centurycentury, , thesethese effectseffects havehave
beenbeen increasinglyincreasingly disregardeddisregarded in the in the literatureliterature and in the and in the 
practicepractice of macroseismic of macroseismic investigationinvestigation, , probablyprobably due due toto theirtheir
innerinner complexitycomplexity and and variabilityvariability, , whilewhile increasingincreasing attentionattention hashas
beenbeen paidpaid toto the the apparentlyapparently easiereasier toto analyzeanalyze effectseffects on on 
humanshumans and and manmademanmade structuresstructures..

Background and Background and rationalerationale



•• RecentRecent studiesstudies havehave offeredoffered new new substantialsubstantial evidenceevidence thatthat
coseismic coseismic environmentalenvironmental effectseffects provideprovide preciousprecious informationinformation
on the on the earthquakeearthquake sizesize and and itsits intensityintensity fieldfield,, complementingcomplementing, , 
de facto, the de facto, the traditionaltraditional damagedamage--basedbased macroseismic macroseismic scalesscales. . 

•• AsAs a a mattermatter of of factfact, , withwith the the outstandingoutstanding growthgrowth of of 
PaleoseismologyPaleoseismology asas a new a new independentindependent discipline, discipline, nowadaysnowadays
the the effectseffects on the on the environmentenvironment can can bebe describeddescribed and and 
quantifiedquantified withwith a a detaildetail thatthat isis remarkableremarkable comparedcompared withwith thatthat
availableavailable at the time of the at the time of the earlierearlier scalesscales. . ThereforeTherefore, , todaytoday
the the definitiondefinition of the of the intensityintensity degreesdegrees can can effectivelyeffectively take take 
advantage advantage of the of the diagnosticdiagnostic characteristicscharacteristics of the of the effectseffects on on 
naturalnatural environmentenvironment. . 



Earthquake environmental effects are any phenomena generated in the 
natural environment by a seismic event. They can be categorized in  two 
main  types:

• Primary surface faulting, surface uplift and subsidence

• Secondary  hydrological change
anomalous sea wave , tsunami
ground crack 
slope movement 
liquefaction/ground settlement



The  ESI 2007 The  ESI 2007 intensityintensity scale scale isis composedcomposed byby::
•• the the DescriptionDescription of 12 of 12 IntensityIntensity degreesdegrees analogueanalogue toto the the structurestructure

used  byused  by the the traditionaltraditional macroseismic macroseismic scalesscales (i.e. Mercalli (i.e. Mercalli CancaniCancani
SiebergSieberg -- MCS; Mercalli Modificata MCS; Mercalli Modificata –– MM; MM; MedvedevMedvedev SponeuerSponeuer
KarnikKarnik -- MSK, MSK, EuropeanEuropean Macroseismic Scale Macroseismic Scale -- EMS).EMS).

The The guidelinesguidelines, which aim at better clarifying , which aim at better clarifying 
1) the background of the scale and the scientific concepts that 1) the background of the scale and the scientific concepts that 
support the introduction of such a new macroseismic scale; support the introduction of such a new macroseismic scale; 
2) the procedure to use the scale alone or integrated with damag2) the procedure to use the scale alone or integrated with damagee--
based, traditional scales; based, traditional scales; 
3) how the scale is organized; 3) how the scale is organized; 
4) the descriptions of diagnostic features required for intensit4) the descriptions of diagnostic features required for intensity y 
assessment.assessment.



III) III) FromFrom X X toto XII:XII: EffectsEffects on on humanshumans and and manmademanmade structuresstructures
saturate, saturate, whilewhile environmentalenvironmental effectseffects becomebecome dominantdominant; in ; in 
factfact, , severalseveral typestypes of of environmentalenvironmental effectseffects do do notnot suffersuffer
saturationsaturation in in thisthis rangerange. . ThusThus, , environmentalenvironmental effectseffects are the are the 
mostmost effectiveeffective tooltool toto evaluateevaluate the the intensityintensity..

II)II)FromFrom IV IV toto IX:IX: EnvironmentalEnvironmental effectseffects are are easilyeasily observableobservable
startingstarting fromfrom intensityintensity IV, and IV, and oftenoften permanentpermanent and and diagnosticdiagnostic
especiallyespecially startingstarting fromfrom intensityintensity VII. VII. HoweverHowever, , theythey are are 
necessarilynecessarily lessless suitablesuitable forfor intensityintensity assessmentassessment thanthan effectseffects
on on humanshumans and and manmademanmade structuresstructures. . TheirTheir useuse isis thereforetherefore
recommendedrecommended especiallyespecially in in sparselysparsely populatedpopulated areas.areas.

I)I) FromFrom I I toto III:III: ThereThere are no are no environmentalenvironmental effectseffects thatthat can can bebe
usedused asas diagnosticdiagnostic..
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(Via Matteotti, 
Campo sportivo, F. Ofanto)



FRANA DI CALITRI

23 Novembre 1980

Coseismic reactivation of a landslide- Calitri (Avellino)

23, November 1980 Earthquake, M=6.9



AddedAdded valuevalue of ESI 2007of ESI 2007

ItsIts addedadded valuevalue isis particularlyparticularly clearclear in case in case damagesdamages toto buildingsbuildings::

1)1) are are lackinglacking, , suchsuch asas in in desertdesert or or sparselysparsely populatedpopulated areas;areas;

2)2) suffersuffer fromfrom saturationsaturation, i.e. the , i.e. the earthquakeearthquake causescauses the total the total 
collapsecollapse of of buildingsbuildings (X (X intensityintensity degreedegree in in ItalyItaly). ). 
In In thesethese casescases, , effectseffects on on naturalnatural environmentenvironment are the best are the best 
tooltool, , oftenoften the the onlyonly one, one, toto ““measuremeasure” the ” the earthquakeearthquake
intensityintensity..

IntensityIntensity valuesvalues basedbased on on environmentalenvironmental effectseffects are more are more 
widelywidely comparablecomparable thanthan damagesdamages toto buildingsbuildings sincesince theythey are are 
notnot influencedinfluenced byby locallocal sociosocio--economiceconomic conditionsconditions..



23 November 1980, Irpinia earthquake 

The The useuse of the ESI scale, alone or of the ESI scale, alone or integratedintegrated withwith the the otherother
traditionaltraditional scale scale affordsaffords a a betterbetter picturepicture of the of the earthquakeearthquake
scenario, scenario, becausebecause onlyonly EEE EEE allowallow comparisoncomparison of of earthquakeearthquake
intensityintensity bothboth in:in:

TIME TIME (EEE are (EEE are comparablecomparable forfor a time window( a time window( recentrecent, , 
historichistoric, , palaeopalaeo seismicseismic eventsevents) ) muchmuch largerlarger thanthan the the periodperiod of of 
instrumentalinstrumental recordsrecords((lastlast centurycentury))

DIFFERENT GEOGRAPHIC AREAS: DIFFERENT GEOGRAPHIC AREAS: EnvironmentalEnvironmental EffectsEffects
do do notnot dependdepend on on peculiarpeculiar sociosocio--economiceconomic conditionsconditions or or 
differentdifferent building building practicespractices..



ApplicationsApplications of ESI 2007of ESI 2007

•• Greece Greece 
•• Italy Italy 
•• SpainSpain
•• IsraelIsrael
•• EcuadorEcuador
•• CentralCentral Asia Asia 
•• PeruPeru
•• JapanJapan
•• Colombia Colombia 
•• PhilippinesPhilippines
•• TaiwanTaiwan
•• IndonesiaIndonesia



MAIN TOPICS:

• A NEW MACROSEISMIC SCALE:  THE ESI 2007 SCALE

2.THE  GLOBAL CATALOGUE OF EARTHQUAKE 
ENVIRONMENTAL EFFECTS



Why a global catalogue of earthquake environmental effects?

Preliminary applications of the ESI 2007 to case studies have
evidenced the need of a systematic revision, mapping and 
classification of environmental effects induced by recent, 
historical and paleo earthquakes. 
Therefore, a global catalogue of earthquake environmental effects
is necessary: similarly to historical seismic catalogues,  it aims at 
collecting in a standardized format the characteristics of 
environmental effects in selected regions worldwide.



A proposal of structure for the global catalogue of earthquake
environmental effects

ID Year Month Day Hour Min Sec Country Epicentral Area Epicentre 
Latitude 

Epicentre 
Longitude 

 

 

ID Number Location of affected area and epicentre Date of occurrence 

 

 
 
 
 
 

ESI N. eff I0   MESI  SRL MAX D SLIP TYPE TOTAL 
AREA Traditional Np….. I0  Type…. 

Earthquake 
I0 M  Type…. 

Details 

Surface faulting  
characteristics 

Total area of  
secondary effects Intensity and magnitude estimates 

according to ESI and traditional 
approaches. 

Characteristics of 
environmental effects 

and local intensity 
assessments

Number of 
observations 



•In order to guarantee the maximum comparability among earthquakes, the structure of 
a global catalogue of EEE has to follow the above mentioned typical standard formats. 

ID Year Month Day Hour Min Sec Country Epicentral Area Epicentre 
Latitude 

Epicentre 
Longitude 

 

 

ID Number Location of affected area and epicentre Date of occurrence 

The second part of the string should be more specifically focused on the characteristics
of environmental effects. Surface faulting parameters (surface rupture length, maximum
displacement, prevalent slip type) and the total area of secondary effects are necessary
data for the assessment of Io through the ESI scale.
 

 
 
 
 

ESI N. eff I0   MESI  SRL MAX D SLIP TYPE TOTAL 
AREA Traditional Np….. I0  Type…. 

Earthquake 
I0 M  Type…. Details 

Surface faulting  
characteristics 

Total area of  
secondary effects Intensity and magnitude estimates 

according to ESI and traditional 
approaches. 

Characteristics of 
environmental effects 

and local intensity 
assessments 

Number of 
observations 



AEQUA Catalogue of Earthquake Ground Effects in Spain: applications of the EEE 
INQUA Scale in the Iberian Peninsula ( P.G. Silva et al., 2007)

The Spanish Catalogue of 
Earthquake Ground Effects
is structured in four temporal
sections which display an
increasing quality of data source, 
from geological and archeological
data, up to historical documents, 
contemporary reports and 
newspapers and finally to
instrumental data. 
At present, 32 seismic events
have been compiled.



AEQUA Catalogue of Earthquake Ground Effects in Spain

The catalogued historical earthquakes is  subdivided in different groups 
attending to the available information used for their classification:

• Quality A): Events of Intensity ≥ IX MSK documented by specific reports, 
epoch journals and newspapers, describing damage and environmental 
effects (>1800AD).
• Quality B): Events of Intensity VIII MSK documented by specific reports, 
epoch journals and newspapers, describing damage and environmental 
effects (>1800AD).
• Quality C): Events of Intensity ≥ IX MSK historically and archeologically 
documented (1300-1800 AD).
• Quality D): Events of Intensity ≥ IX MSK which Information only came from 
Archaeosieismic and or Paleoseismic research (< 1300 AD).

• Quality I): Events of Intensity VI-VII MSK instrumentally recorded and 
documented by specific reports published by public institutions (IGN, IAG, 
etc..) or in scientific journals.



 
QUALITY A EVENTS:DOCUMENTED BY SPECIFIC REPORTS,  EPOCH 

JOURNALS and NEWSPAPERS 

Epicentral 
locality 

Reported 
Intensity 

(Mw) 
Estimated 

Building Damage and 

Landscape and environmental change 

 

Dalías-Berja 
(Almería)  

1804 AD. 
25/08 

IX MSK 

VIII-IX EMS 
6.4 

MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the 
IGN Seismic Data-Base.  

EIS 2007 INQUA FILES AVAILABLE: SP18040825* 

Geographical Coordinates: 36º 46’ N  2º 50’ W     Datum: WGS84 

GENERAL DAMAGE: 407 deaths/ Collapse of churches and towers. > 200 houses destroyed. 

Ref. Larramendi, M.J. (1829);  Prado, C. del (1863) 

EN VIRONMENTAL DAMAGE:  

⌧Surface rupture of probable coseismic origin of 200 m length decimetric width and a maximum depth of 9-10m.  

rRockfalls and localized landslides 50-55 km away from the epicentre.  

rrChange of chemical properties of springs.  

rSmall sea-level retreat after the main shock. 

Environmental damage area: Maximum environmental damage over an area of 98.3 km2. 

Local Intensity MSK:  IX 

Local Intensity EEE:   IX 

Research and data collection by J.J. Martínez Díaz (UCM), P.G. Silva (USAL) 

Torrevieja (Alicante) 
1829 AD. 21/03 

X MSK 6.6 – 6.9* 

MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the 
IGN Seismic Data-Base. 

EIS 2007  INQUA FILES AVAILABLE: SP18290321* 

Geographical Coordinates: 38º 05’ N  0º 41’ W     Datum: WGS84 

GENERAL DAMAGE: 389 deaths and 375 injuries / About 2,900 houses destroyed and around 2,000 ones damaged.  5 villages 
totally destroyed and other 13 ones needed a serious rebuilding. Four bridges over the Segura river where damaged. Seismic 
shacking was felt on a boat located about 32 km offshore from Torrevieja. 

Ref. Larramendi, M.J. (1829);  Prado, C. del (1863); Delgado et al. (1998), Alfaro et al., 2001, 2002 

EN VIRONMENTAL DAMAGE:  

⌧Open fissures on the ground. Larger One in Cabo Cervera of decametric length and metric width 

⌧ ⌧⌧⌧⌧⌧⌧⌧⌧⌧⌧⌧⌧⌧⌧⌧ Liquefaction and mud-volcanoes over an area of c.a. 7-17 km2 with more than 7000 
vents catalogued (site effect on flood plains and lagoons). Gas emissions with death of vegetation and animals. Almopradí, Daya 
Nueva, Daya Vieja, Catral, Los Dolores, San Fulgencio, San Miguel de Salinas, etc… 

⌧Overflow of an artesian well commonly at 12m depth during a month in Montesinos (9- km away). 

⌧Water fountains in shallow lagoons (10-12 km away) intermittently actives 3 years after the event.  (11.5 km away). 

⌧⌧⌧ Change of flow rates in Springs (45-55 km away), wells and rivers.  

⌧Localized Rockfalls in Los Garres (Murcia) 35 km away.  

rPermanent uplift of about 10-7cm recorded in harbours and lagoons over a coastal length of ca. 13 km North of Torrevieja 

rSmall sea-level retreat after the shock (Tsunami?).  

Environmental damage area: Maximum environmental damage over an area of 474km2 over the Lower Segura Basin between 
Orihuela y San Fulgencio-Rojales. 

Local Intensity MSK:  X 

Local Intensity EEE:   X 

Research and data collection by P. Alfaro (UA), T.Bardají (UAH), P.G. Silva (USAL). 

QUALITY B EVENTS: HISTORICALLY AND ARCHEOLOGICALLY DOCUMENTED 

Epicentral 
locality 

EMS 
Intensity 

(Mw) 

Mag. 

Building Damage and 

Landscape and environmental change 
 

Tabernes 
(Valencia)  

1396 AD. 18/12 
VIII-IX 6.5 

MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the IGN 
Seismic Data-Base.  

Geographical Coordinates: 39º 05’ N  0º 13’ W    Datum: WGS84 

GENERAL DAMAGE: Collapse of towers and bridges. Hundreds of houses destroyed.  

Damage area 531 km 2  

Ref. Galbis, 1932, 1940. 

EN VIRONMENTAL DAMAGE: PARTIALLY DOCUMENTED EVENT 

rOpen fissures in the ground at Tabernes 

rrLiquefaction processes (site effect) at Tabernes and Alcira between 13 and 18 km away from the epicentre. 

r Changes in flow rate and turbidity in springs (Alcira) 18 km away from the epicentre.  

rLocalized rockfalls are also reported from the localities of Bacheta (1 km away), Vilalonga (20 km away) and Castel de Gallineta 
(24,5 km away). 

Environmental damage area over ca. 250 km2 

Local Intensity MSK: X. 

Local Intensity EEE: IX-X  

Research and data collection by: P.G. Silva 

Queralps (Girona) 
1428 AD. 02/02 

IX-X  
MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the IGN 
Seismic Data-Base.  

Geographical Coordinates: 42º 21’ N  2º 10’ W     Datum: WGS84 

GENERAL DAMAGE: 800 deaths. Churches and tower castles seriously damaged. Many houses damaged.   

Damage area 980  km2 

Ref. Galbis, 1932, 1940.  

EN VIRONMENTAL DAMAGE: PARTIALLY DOCUMENTED EVENT 

rLarge fracture of 8 km length and decimetric opening.  

rOpen fissures in the ground with associated emission of sulphuric gasses.   

rScattered rockfalls. 

Environmental damage area over ca. 350  km2 

Local Intensity MSK: X. 

Local Intensity EEE: IX-X  

Research and data collection by: P.G. Silva 

Atarfe (Granada) 
1431 AD. 24/04 VIII-IX 6.7 

MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the IGN 
Seismic Data-Base.  

Geographical Coordinates: 37º 08’ N   3º 38’ W    Datum: WGS84 

GENERAL DAMAGE: Damage in towers and mosques. Walls of the Arab Castle of Granada (Alhambra) partially collapsed, and 
the Alixares Palace SE of la Alhambra totally collapsed. Main damage at the villages of  Ahendin and Otura about 5-7 km southwest 
from Granada. This earthquake was felt with intensity VI-VII EMS in Ciudad Real (200 km away) and of IV-V EMS in Madrid (400 
km away).   

Damage area: Damage mainly restricted to the eastern margin of the Granada Basin, around the City of Granada 

Ref. Galbis, 1932,1940, Espinar Moreno, 1994 

EN VIRONMENTAL DAMAGE: NO STUDIED EVENT. 



Date               Region                        I MCS               M                       Victims
1688 Sannio                                XI                    6,7                      10,000
1694 Irpinia-Basilicata               X-XI                6,9                              6,000
1805 Molise                                 X                     6,6                              6,000
1930 Irpinia                                 X                     6,7                              1,425
1980                  Irpinia-Basilicata X                     6,9                              3,000

Other examples of EEE data collection

The ESI  intensity scale is applied to a five events 
occurred in the Southern Apennines, one of the most 
seismic regions of Italy, to contribute to the world 
archive (EEE database) of coseismic geological 
effects under construction within the project.
The investigated earthquakes span in age from 1688 
to 1980, with intensities between X and XI MCS 
(estimated magnitude 6.6-6.9). For each earthquake, 
the review of the original historical sources has 
permitted to construct an updated portrait of the type, 
distribution and size of the coseismic environmental 
effects.



Methodology

1. Analysis of historic sources, including completeness and reliability of the 
document within the historical context and  source classification.

2. Classification of the coseismic environmental effects  

3. Intensity assessment by using ESI 2007 scale

Methodology

1. Analysis of historic sources, including completeness and reliability of the 
document within the historical context and  source classification.

2. Classification of the coseismic environmental effects  

3. Intensity assessment by using ESI 2007 scale



A great number of effects on the natural environment has allowed
assessment of an ESI intensity value (from V to X) for 50 localities in the 
near and  far field area. 

26 July 1805, Molise earthquake

The rupture was length (40 km) and the maximum displacement (150 
cm). Using the ESI scale, surface faulting parameters and the total areal
distribution of landslides indicate I0 = X in agreement with the 
equivalent MCS assessment.



23 November 1980, Irpinia earthquake 

Numerous geological surveys of the area affected by this earthquake 
have provided a large amount of information on secondary effects, slope 
movements and ground cracks .It was possible to assess ESI lintensities
to 66 localities (284 effects).
The amount of surface faulting (rupture length = 40 km; maximum 
displacement = 100 cm, and the total area distribution of slope 
movements (7400 km2) indicate I0 = X, in good agreement with I0 resulting
from MSK scale.



Open issues

•What earthquakes are we going to collect? Identification of a minimum 
threshold.

•The revision of the Wells and Coppersmith database provide information on 
several earthquakes but only concerning primary effects.

•One worldwide catalogue or national catalogues?

•Do we need to differentiate among 
1) recent and future earthquakes, based on field surveys of 

environmental effects ;
2) revision of past earthquakes based on historical sources;
3) paleoearthquakes, based on paleoseismological features.

•How to develop relationships between magnitude and ESI intensity
degrees




