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To improve the ESI  2007 Scale, moderate-to-strong earthquakes, worldwide, are

analyzed by various working groups, in order to compare the obtained intensity 

values with those assessed with conventional scales (MM, MCS, MSK, EMS, JMA).

We present a contribution of Italian WG with a basic scope of reassess the historical 

events occurred in the same region by comparing environmental effects and 

damage-based intensity in order to contribute to reduce risk from environmental 

effects in earthquakes-prone areas.
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Historical earthquakes in Italy since Roman times

Intensity

A huge database of historical earthquakes (time window larger than 2,000 yrs)
Macroseismic intensities up to XI degree MCS
Maximum expected magnitude slightly above 7
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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

The study earthquakes

In this study, 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 
6.7-6.9). 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  

3. Intensity assessment by using ESI 2007 scale
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Data Sources Contemporary reports

The main groups of sources are generally found in local documentary materials, 
administrative records, special studies, scientific reports, diaries, books and 
newspapers. They are available in record offices, libraries, public and private 
documentary collections, and parish archives throughout Europe.
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The 1783 Calabria earthquakes,  Sarconi (1784)

Another important type of source is the 
bibliographic one. It is generally divided into 
two main groups a) direct source - including 
text written by eyewitnesses, specific studies 
such as scientific literature, contemporary 
newspapers; b) indirect source – including 
texts written after the event by local authors, 
the scientific literature, etc.
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Marchese L. (1805) - Map of landslides induced by the 1805 eq in S. Giorgio la 
Molara (Benevento district), drawn just after the event by an engineer for an official 
documentation .The document dated 1806 and located in State Archive of Naples, 
provides the precise location and dimension of landslide (3.7 km long , 1,5 km wide)

Data Sources Contemporary maps
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Scientific sourcesData Sources
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Scientific papersData Sources
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Data Sources

Eye-witness accounts
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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

3.   Intensity assessment by using ESI 2007 scale
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For each considered earthquake, the original descriptions have been reviewed 
in order to point out effects on natural environment. This process has detected and 
localized coseismic environmental effects, and classifies them into two main  types:

• Primary
surface faulting (SF)

• Secondary
slope movement (SM)
ground crack (GC)
ground settlement (GS)
hydrological change (HA) 
anomalous seasurface wave (tsunami, TS)



Pantano 
S.Gregorio Senerchia

SURFACE FAULTING 

Piano di Pecore (M. Marzano)



SURFACE FAULTING 

Costa Pannicaro (Muro Lucano-Bella)

Subevent 40 sec
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SLOPE MOVEMENTS

Caposele
46,000 cubic meters
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1930 Irpinia earthquake: hydrological changes recorded at the Sanità spring,  
Caposele (after Esposito et al., 2007)
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Aerial photographs and field surveys
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GROUND CRACKS
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LIQUEFACTION PHENOMENA 

S. Michele di Serino (7 liquefaction phenomena near the Sabato River)
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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  

3. Intensity assessment by using ESI 2007 scale
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5 June 1688, Sannio earthquake 
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5 June 1688, Sannio earthquake 

ESI local intensities ranging between V and VIII have been assessed for
14 localities on the basis of secondary effects (42% slope movements, 
29% ground cracks, 29% hydrological changes) occurred inside their
territory. Based on recent scientific bibliografy (Nappi,2006-2007) it was
possible to estimate the end-to end length of coseismic rupture zone 
(about 30 km).
The epicentral intensity  I0 is based on primary and secondary effets. By
using the  ESI scale the epicentral Intensity  is X, one degree lower than
the corresponding MCS.
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5 September 1694, Irpinia-Basilicata earthquake 
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5 September 1694, Irpinia-Basilicata earthquake 

The ESI macroseismic field from secondary effects (mostly slope

movements) is composed by 12 local intensities between IV and X. 

The length of macroseismic surface faulting is about 38 km. 

Even in this case the epicentral intensity based on the ESI scale is I0 

= X, slightly lower than the corresponding MCS (I0 = X-XI).
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26 July 1805, Molise earthquake 
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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 

Along the Bojano fault system it was possible to measure the rupture
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.
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23 July 1930, Irpinia earthquake 
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23 July 1930, Irpinia earthquake 

Effects on natural environment are largely reported in the contemporary 
documents  including geological reports.
Secondary effects, mainly hydrological changes and slope movements  
have supported the evaluation of ESI intensity values in more than 60 
localities.
The macroseismic surface faulting can be estimated in the order of 38 km 
in length and 40 cm in maximum displacement. According to these data, 
ESI and MCS epicentral intensity values are coincident I0 = X.
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23 November 1980, Irpinia earthquake 

This event was the strongest one of the last 30 years in the Southern 
Apennines. About 800 localities suffered damage, mainly in Campania
and Basilicata regions. Casualties were ca. 3,000, and 10,000 people were 
wounded .
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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.
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CONCLUSIONS

The ESI scale is a  contribution to intensity assessment taking in account 
the effects on the natural environment. It is not an independent tool for 
intensity assessment, it can provide independent estimates, but it is 
conceived to integrate and improve the intensity evaluations based on 
the classical macroseismic scales. 

The environmental effects provide very  important information for  
seismic hazard : 

1) a more complete picture of the macroseismic field, based on the whole 
bulk of available information; 

2) estimates of Io based on rupture length and offset;

3) useful data for land-use planning by revealing sectors of significant 
hazard also where no damage data are available. 


