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Brief history

eSince the “90s, the idea of a new intensity
scale based only on environmental effects
was promoted within the scientific
community and successively developed iIn
the frame of INQUA (International Union for
Quaternary Research, INQUA TERPRO

AN TNNOVATIVE APPROACH FOR ASSESSING
EARTHQUAKE INTEMNSITIES BASED

ON SEISMICALLY-INDUCED GROUND
EFFECTS IN MATURAL ENVIROMNMENT

(Michetti et al., 2004)

(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).
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eThe ESI 2007 scale results from the revision
of the former version by a world-widespread
team of scientists.
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What is ESI 2007? The Environmental Seismic Intensity scale (ESI
2007) 1s a new seismic intensity scale based only on the effects
produced on natural environment.

It has been ratified by INQUA during the 17= Congress; Cairns (28
July - 3 August 2007).
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Background and rationale

« In the early versions of the twelve degrees scales the effects
of the earthquakes on the natural environment were
documented. Their presence In the scale was mostly due to
the many references to ground cracks, landslides, and
landscape modifications.

« Later, In the second half of the XX century, these effects have
been increasingly disregarded In the literature and In the
practice of macroseismic investigation, probably due to their
Inner complexity and variability, while increasing attention has
been paid to the apparently easier to analyze effects on
humans and manmade structures.
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e Recent studies have offered new substantial evidence that
coseismic environmental effects provide precious information
on the earthquake size and its intensity field, complementing,
de facto, the traditional damage-based macroseismic scales.

e As a matter of fact, with the outstanding growth of
Paleoseismology as a new independent discipline, nowadays
the effects on the environment can be described and
guantified with a detalil that is remarkable compared with that
available at the time of the earlier scales. Therefore, today
the definition of the Intensity degrees can effectively take
advantage of the diagnostic characteristics of the effects on
natural environment.
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The ESI 2007 intensity scale is composed by:

. the Description of 12 Intensity degrees analogue to the structure
used by the traditional macroseismic scales (i.e. Mercalli Cancani
Sieberg - MCS; Mercalli Modificata — MM; Medvedev Sponeuer
Karnik - MSK, European Macroseismic Scale - EMS).

The quidelines, which aim at better clarifying

1) the background of the scale and the scientific concepts that
support the introduction of such a new macroseismic scale;

2) the procedure to use the scale alone or integrated with damage-
based, traditional scales;

3) how the scale is organized,;

4) the descriptions of diagnostic features required for intensity
assessment.
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CHART OF THE INQUA ENVIRONMENTAL SEISMIC INTENSITY SCALE 2007 - ESI 07
I:y The Spanish wurmng Grnup {mudlﬂed from Silva et al., 2008)
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Compilatore
YVeneria Paola

Universita degli studi di Napoli “Federico II”

Earthquake

Earthguake Code IT129801123m Earthgquake Fegion IRPINIA-BASILICATA
Year-A080_hMonth 11 Day 23 Greenwich Time-A9Ed _Enicentral Intensity X Intensity type MCS
Maghitude 6.2 ) Magnitude type MwMsEocal Depth (k) 18 ) DEpTh accOracy

Catitnde AR5 Longitude 15.28 Earthguake-Reforances-Fastpischl et al (1985), Esposito et al. {1986,
1998); F"'I}ITIII'D et al. {2002} CFTIo4 {2004} Serva et al. {200?}

(1993), Blumem et al. {2002}

Area of max secandan’ effects (limas) Fefarence for secondahs effects
¢ MCS - ES| epicentral intensity assessment X
—_— —

Locality
Locality EmlEE—Eurvey Date Survevors Ortolani (1988); CMR-PFG {(1983)

Esposito et al. {1998)

Locality Calitri  Town/District Awelline  Lacality length (m) Locality width (i)

Latitude 40,53 Longitude 15,25 Altitude () Location accuracy

Distance from epicentre (k) 16 Local PGA () Geomaomhological setting
Laocal Macroseismic Intensity VI Intensity type MCS

EEE site

EEE Caoile EEE type

Site length () Site width ) Site position

Latitude Longitude Altitude {rm) Loc. accuracy

Description

motes on the site

Bedrock litholooy Soft sediment lithalogy

strength Structure

EEE Site References




L

Effects on man-made structuras
Type of man-made structures

Level of damage Singlefnultiple

Surface faulting

Strike (™) Dip (™1 Zlip wector (™ Type of movement
“Yerical Offzet (cm) Horizontal Offzet (cm) Dizplaced festures
Length of fault segment (km) SCarp Azzocisted features:

Hydrologic anomalies

Surface water effects Ground water effects
Temperature Anarmaly Temperature change (°C)
Dischange andmaly Discharge change (1is)
Chemical anomaly Change chemical components
Gas emission Gas element

Curation of anomaly (days) Time delay (hrs) YWelociby

Anomalous waves/tsunami
Max wave height (m) Width () Length of affected coast (ko Time delay (min)
Descripion

Ground cracks
Qrigin - scustimento sismico  Strike (%) Dip (™) Areal density (NEmS 10/100.880
Shape Max opening (o) Length () 300-390-400-600-600-660-7 35-1375- 1800

Slope movements

Type  scivolamento di detrito-scorrimento rotazionale-colata di terra

Max dimension of blocks fm®___

Total wvolume (m® 2105301021076 107 6 10°- 10104 1, 5 1043104 0104 20108

Linear density (M) Areal density (MNEmS 16/100.880  Hurmnidity

Time delay (hrs) Wilidth i Slip amoaount {m)
Liguefactions

Twpe  ligquefazione Max diameter {m) Lineatr density (Mefm)

Areal densite (Mo 11000880 Max loweringiuplift (m) Shape

Hurmidity Drepth of water table: i) Water ejection X Sand gjection X

YWelocity Time delayfadvance (hrs)




Other effacts
Three shaking Dust clouds Jumping stones Other

Description

Sketch
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landslides

Ground crack

O

liquefactions

=)

Main landslide
(Via Matteotti,
Campo sportivo, F. Ofanto)

Intensita locale ESI (ESI local intensity assessment) VIII




Coseismic reactivation of a landslide- Calitri (Avellino)
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Added value of ESI 2007
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-— 1) are lacking, suchias in desert or sparsely populated areas;

—

2) sufifer from saturation, I.e. the earthgquake 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.

Intensity values based on environmental effects are more
widely comparable than damages to buildings since they are
not influenced by local socio-economic conditions.

.1 -—
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- Hiheruse el the ESlfscale, alone Gl IntegratedMVItRrther etner
tracitienal scale aifiords a PEter pIcture off the eartiguake
SCEnarios Pecalse enly EEE all oV Companisen ol earthguake
IRLENSItY POLA 1IA:

* TIME (EEE are comparable for a time window( recent,
nistoric, palaeo seismic evenits) much larger than the period of

instrumentall records(last century)

« DIFFERENT GEOGRAPHIC AREAS: Environmental Effects

do not depend on peculiar socio-economic conditions or
different building practices.

.1 -—
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Applications of ESI 2007

Greece
Italy
Spain
Israel
Ecuador
Central Asia
Peru
e Japan
e Colombia
e Philippines
e Taiwan
 |[ndonesia
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differences among the evaluated intensities exist, are localized inside circles.

Fig. 6. Distribution of the evaluated intensities. concerning the 2003 earthquake, based on INQUA and EMS scale. The four sites. where significant
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B A NEW MACROSEISMIC SCALE: THE ESI 2007 SCALE =

. 2.THE GLOBAL CATALOGUE OF EARTHQUAKE
ENVIRONMENTAL EFFECTS

e iy e s
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Why a global catalogue of earthquake environmental effects?

. .
s o i i Sy

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
B collecting in a standardized format the characteristics of
environmental effects in selected regions worldwide.
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ID |Year |Month Day |Hour | Min | Sec Countfy Epicentral Area | Epicentre | Epicentre
Latitude |Longitude

L ocation of affected area and epicentre

SRL |MAXxD |SLipTypE |ToTaL |ES N. eff |l Earthquake | Meg Details
AREA | Traditional | Np..... [lg  Type.... lo M Type.... | —
) 7 1 r
s ~ —~ -
Surfacefaulting ~ Total areaof Number of

characteristics
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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 | Epicentre
Latitude |Longitude
/ g A _/

~N YT

ID Number Date of occurrence L ocation of affected area and epicentre

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 lo through the ESI scale.

SRL |[MAXD | SLIPTYPE |ToTAL |ES N. eff |lg Earthquake | Meg Details
AREA |Traditional | Np..... [lo  Type.... lo M Type.... | —
- e -1 T - ~ -~ $
Surface faulting Total areaof Number of _ _ _ -
characteristics  secondary effects  Observations  Intensity and magnitude estimates  Characteristics of
according to ESI and traditional  environmental effects
approaches. and local intensity

assessments
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The Spanish Catalogue of
annelll ﬂ Earthquake Ground Effects
e i w2 | is structured in four temporal

- LAt ssens |HEZ sections which display an

@ Instrumesis Tydhupuake s { I;::[ e . . .

, : _.l..:.-n:.-f|:-.1n:u.-.m.| I:!:u-\.'ﬁlln'l:lﬂvcn'tF _E;‘:,)/\ IncreaSIng quallty Of data Source,
B “~< | 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:

e Quality A): Events of Intensity 3 IX MSK documented by specific reports,
epoch journals and newspapers, describing damage and environmental
effects (>1800AD).

e Quality B): Events of Intensity VIII MSK documented by specific reports,
epoch journals and newspapers, describing damage and environmental
effects (>1800AD).

e Quality C): Events of Intensity 2 IX MSK historically and archeologically
documented (1300-1800 AD).

e Quality D): Events of Intensity 3 IX MSK which Information only came from
Archaeosieismic and or Paleoseismic research (< 1300 AD).

e Quality 1): 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

QUALITY B EVENTS: HISTORICALLY AND ARCHEOLOGICALLY DOCUMENTED

Building Damage and

Epicentral Reported (Mw)

locality Intensity | Estimated Landscape and environmental change
Dalias-Berja MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the
(Almeria) X M SK IGN Seismic Data-Base.
1804 AD. VIII-IX EMS 64 | E15 2007 INQUA FILES AVAILABLE: SP18040825*
25/08 Geographical Coordinates: 36°46' N 2050'W  Datum: WGS84

Epicentral EMS (Mw) Building Damage and
locality Intensity | \Mag. Landscape and environmental change
Tabernes MACROSEISMIC EPICENTRE: Event reported in official Catalogues of the IGN
(Valencia) VI-IX 6.5 |Seismic Data-Base.
1396 AD. 18/12 Geographical Coordinates: 39°05'N 0°13'W Datum: WGS84

GENERAL DAMAGE: 407 deaths/ Collapse of churches and towers. > 200 houses destroyed.
Ref. Larramendi, M.J. (1829); Prado, C. del (1863)

GENERAL DAMAGE: Collapse of towers and bridges. Hundreds of houses destroyed.
Damage area 531 km?
Ref. Galbis, 1932, 1940.

EN VIRONMENTAL DAMAGE:

[XISurface rupture of probable coseismic origin of 200 m length decimetric width and a maximum depth of 9-10m.
ORockfalls and localized landslides 50-55 km away from the epicentre.

O0Change of chemical properties of springs.

OISmall sea-level retreat after the main shock.

Environmental damage area: Maximum environmental damage over an area of 98.3 km2.
Local Intensity MSK: X

Local Intensity EEE: X

Research and data collection by J.J. Martinez Diaz (UCM), P.G. Silva (USAL)

EN VIRONMENTAL DAMAGE: PARTIALLY DOCUMENTED EVENT

OOpen fissures in the ground at Tabernes

O0OLiquefaction processes (site effect) at Tabernes and Alcira between 13 and 18 km away from the epicentre.
0 Changes in flow rate and turbidity in springs (Alcira) 18 km away from the epicentre.

OLocalized 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 km?
Local Intensity MSK: X.

Local Intensity EEE: [X-X

Research and data collection by: P.G. Silva

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

EIS 2007 INQUA FILES AVAILABLE: SP18290321*
Geographical Coordinates: 38°05'N 0°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:
[X10pen 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 km? with more than 7000
vents catalogued (site effect on flood plains and lagoons). Gas emissions with death of vegetation and animals. Almopradi, Daya
Nueva, Daya Vieja, Catral, Los Dolores, San Fulgencio, San Miguel de Salinas, etc...

Torrevieja (Alicante)

1829 AD. 21/03 XM

6.6 -6.9%

[X10verflow of an artesian well commonly at 12m depth during a month in Montesinos (9- km away).

[XIWater 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.

[XILocalized Rockfalls in Los Garres (Murcia) 35 km away.

OPermanent uplift of about 10-7cm recorded in harbours and lagoons over a coastal length of ca. 13 km North of Torrevieja
OSmall 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.Bardaji (UAH), P.G. Silva (USAL).

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

Geographical Coordinates: 42°21'N 2°10'W  Datum: WGS84
GENERAL DAMAGE: 800 deaths. Churches and tower castles seriously damaged. Many houses damaged.

Queralps (Girona)

1428 AD. 02/02 LA

Damage area 980 km2
Ref. Galbis, 1932, 1940.

EN VIRONMENTAL DAMAGE: PARTIALLY DOCUMENTED EVENT
OlLarge fracture of 8 km length and decimetric opening.

OOpen fissures in the ground with associated emission of sulphuric gasses.
OScattered rockfalls.

Environmental damage area over ca. 350 km?

Local Intensity MSK: X.

Local Intensity EEE: [X-X

Research and data collection by: P.G. Silva

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

Geographical Coordinates: 37°08' N 3°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).

Atarfe (Granada)

1431 AD. 24104 VITRXES ER6.7

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.
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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.
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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
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Aogumava d'lsemin 41 BTN 14,78E RN 13
B Surface faulting s ' '

T #

Agnona 44 8N 14,376 A 21 a "

B Slope movemeanis Alvignan 41.28N 14,33E HA a1 7 %

Aranzo 41,02N 14 JBE HA 53 7 7
! T
E 1
T

B Ground cracks Bagnal del Trigria 41, BAN 14,47E S 14

01 Ground settlemants Bojano 41 48N 14,47€ A, (i 4

Calarzo 41, 18N 14.3TE HA 39

- Campoiasso 41,55N 14 4E Gl 1d | T
¥ Cantalupa 41.31N 14, 21E i il 10 #
Caparl 41 50N 14,55E TS 110 ¥
Carawilli 41 AZN 1417E M . T 7
Cassing 41 48N 13,82E HA b5 7 T
Castelfranco n Miscano 11, 18N 165.5E M Ga T 7
Castalenare 41, 23M 14,53 Ha, G 27 T L
Carreto EaNNILE A1 28N 14, 58E A, G, 5M A

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.

B Hydredopical anomaly
B Tsunami

u - Madonna dell'Arco 40, BEN 14, f T T L

" Meallezan 41 15M BE A, s T 7
f Montagann 41,38M 144E G 14 [ T

\ Morcone A1, 35N 1 BTE &F 14 ] [{1]

Napoll 40 51N 14,15 HA, IS 7 7 H

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 I, = X in agreement with the
equivalent MCS assessment.

- Bolopaca 41 18N 14,53E HA, M a5 a "

/ r Sorranio 40,37TN 14, 22E TS 1m T [

@ Telese 41,24 14, 52E HA 34 ! T

Triverin 41, TEM 14, 55E ot N R ao T T

ventntsns A0 BEN 1382 % 122 5

1 Visanio A BEN 14, 4FE | B T [
7

Villamamna 40.87N 15.08E 1A B
w-#.n f 20 Kilometers
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12% 5% 15% B Surface faulting

; O Slope movemenis
B Ground cracks
O Ground settlements

O Hydrological anomaly
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Numerous geologlcal 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 |, = X, in good agreement with I, resulting
from MSK scale.
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Open Issues

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

The revision of the Wells and Coppersmith database provide puafaca
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.

eHow to develop relationships between magnitude and ESI intensity
degrees
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