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Intensity assessment from environmental effects of historical earthquakes in southern Italy

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.




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

i has permitted to construct an updated portrait of the type, distribution and
o Size of the coseismic environmental effects
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Methodology B

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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Contemporary reports
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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.




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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Data Sources Contemporary maps
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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)
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Data Sources




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




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:

surface faulting (SF)

slope movement (SM)

ground crack (GC)

ground settlement (GS)

hydrological change (HA)

anomalous seasurface wave (tsunami, TS)




SURFACE FAULTING
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Caposele
46,000 cubic meters
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1930 Irpinia earthquake: hydrological changes recorded at the Sanita spring,
Caposele (after Esposito et al., 2007)




Aerial photographs and field surveys
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LIQUEFACTION PHENOMENA

=EGEMNDA

phenomena near the Sabato River)
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5 June 1688, Sannio earthquake

Locality Longitude Latitude Type of effect Site distance Iwes  leee

Alvignano 14 34E 41,24N HA 19 9 8
Apice 14,90E 41,11N HA 39 10 7
Atella 15,65E 40,88N GC 105 8 7
Benevento 12.05E 44 15N HA, SM 29 10 7
Cerreto sannita 14,55E 41,28N HA, SM, GC 0 9 8
Montoro superiore 14 90E 41,11N SM 59 8-9 4
Napoli 14 27E 40,86N HA 57 7-8 7
Piedimonte d'Alife 14,37E 41,35N HA. GC 15 9 8
Pomarico 16,54E 40,52N SM, GC 190 7
San Giorgio la Molara 14,93E 41.27N SM, GC 30 8-9 8
S. Lorenzello 14 54E 41.27N SM 0 10 8
S, Lupo 14, 63E 41,26N SM 10 10 8
S. Marco de’ Cavoti 14, BBE 41,31N SM. GC 26 8-9 8

5

Vico Equense 14 43E 40,66N SM 70

il

B Slope movements
B Ground cracks
B Hydrological anomaly
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5 June 1688, Sannio earthquake

Locality Longitude Latitude Type of effect Site distance Iues leee

SR ¥ Alvignano 14,34E 41,24N HA 19 9 8
M g . Apice 14 90E 41,11N HA 39 10 7

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 |, 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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B Ground cracks

B Hydrological anomaly
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5 September 1694, Irpin

T e WEr . et - -
il JP & ' : _
Pl ¢ s oy \ EEE local intensity

Locality Latitude Longitude Type of effect Site distance Tucs leee

J Bisaccia 41,01N 15,37E SM 13 9/10 8
Brindisi 40,62N 17,94E TS 216 ] 4
Calitri 40,90N 15,43E SM 0 10/11 8
Capua 41,10N 14,22E SM 106 7 2
Colliano 40,72N 15,29E SM 23 9 8
Napoli 40,86N 14,27E SM 96 7 7

* Ricigliano 40,67N 15,47E SM 26 10 8
Sorrento 40,82N 14,37E SM 94 7 5
Stigliano 40,40N 16,23E SM 80 7 6
Teora 40,85N 15.25E SF, SM 16 10/11 10
Tito 40,58N 15,67E SF, SM, HA 40 10 9
Tricarico 40,62N 16,14E SM, HA 68 8 8

B Slope movements
O Hydrological anomaly

B Tsunami
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5 September 1694, Irpinia-Basilicata earthquake
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e RN L U . . EEE local intensity
: Locality Latitude Longitude Type of effect Site distance Tucs lece
& Bisaccia 41,01N 15,37E SM 13 9/10 8
Brindisi 40, 62N 17 94E TS 216 5 4

Calitri 40,90N 15,43E SM 0 10/11 8

=1ail k= i (10

The ESI macroseismic field from secondary effects (mostly slope
x 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 ESl scale is |10
| = X, slightly lower than the corresponding MCS (I, = X-XI).
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H Slope movements
O Hydrological anomaly

B Tsunami
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26 July 1805, Molise earthquake

B Surface faulling . Locality Laffude Longitude Type of effect  Sile distance hics  leps
DEMF}Q mowamenils Acoarviea o Tsemin 41 BTH 14, F5E shd 13 T L
Agninie 41 84 12 3PE HA a7 B T
B Ground cracks A::Imir'u 41.23N 14,33€ HA 3 r ’
O Ground sattismants Ananao 41,20 14 48E A 83 7 ?
Bsgrali de Trigna 41BN 14.4TE M LE:| T 7
B Hydrological anomaly Baano 41,480 1R ATE HiA i E ) L)
| Caiarm 41 18N 14.37E HA k] T T
B Tsunami 5 T 41 33N 14 45 Pet) 13 o =¥
0 Cantalupo 41 31N 14, 33E (s o 1 X
FP s Cape A0.%3N 14.55E TS 110 5
Carerdill 41 47N 14,4TE bt 26 T 7
assm a1 48N 10.82E Ha 55 T T
Castelfranco in Misoenn a1 18N 15 6E (41 ] 2% ] T T
Caateremnmm 413N 14 53E HA, 6L a7 T "
Camato wannin 41 _FEN 14 G5E A, G, 5l 0 B "
Crwiturirsn dol Sarma 41 65N 14 4E HA, Ci 13 i} L}
Chwibolln Liging 41,1 14 536 e L) T 7
Cremgoni 41 3TN 14 Snt 2H & 7
Farricola 413N 14 27E A, Gt 15 i 7
Frginin 41 01N 15,08E A 7 i T
Glsuls 41,43 13,ME s 85 5.5 5
Glunrdimrmys a1 N 14,37 S 1 18 111
Immrria 41 BBM 14 2E AL Tl g B ?
ksl &1 31N 18 ATE Al ] B L]
Lisgn ol Matisa 414N 14 42E 51 14 r {1
Madanng delf Aron 40 BSN 14.37TE [IFY ro T ]
Mualizzano CARE 1] 14 5E HAL GE i 1.1 T 7
Meniaguno 41,38 14 4E Gl 15 T )
™, Meircang 41 26N 14.0TE Al 14 .| 1]
"'-, MNapaii &0 51N 14, 18E HA. TS Er ) T ]
Flesonp 41 62H 14 28E sl 0 B [
Plana o Mordevarma 419N 14,338 ([ S L] r T
Piabrarca 412N 14, 32E A, 5 F-| T T
Pl 40 55N 125TE Is ur B 4
- Ruyiznos Adyigpnansso 412N 14 4E HA i3 B T
I ' 5. Ella & Panisi 41.3TH 14, ETE (o i} ] T ]
. 3 Sahoin A A e S LA 30 T ?
rw San Bartniomen in Gatde a1 43N 15,02E 0 P T 1
- San Glomgs la Motk 41 2T 14 S2E LY i ] r ®
¥ W San Lotengmio a1 7N 14 538 LY 4 T 7
B San Satviston Talesino 41,77M 18,42 €H &1 & 8
- Santa Croce ot Sarmo 41,234 14, 43E e a4 T [
a Santa Maira cel Moisa a1 EIN 14 I2E SM 12 T [
Soinpacs A1 18N 14 536 =T ag B ]
Sorrento A 3TN 14 22 s Llnh| T [
Toscn 413N 14 52E HA M T T
Teivisno a1 78N 14 55E ShE, O & 1] T T
- o -, Veniolnne &0 GEM T3.53E TS 122 5
W10 20 Kilometers Vesmuvo 0 B2 14,425 M &0 ¥ A
n.

E Villemana A0 0TH 15.O8E HA B4 T
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26 July 1805, Molise earthquake

10% o B Surface faulling Locality Laffude Longitude Type of effect  Sile distance hics  leps
o bll:lrl-[" mowamenils Acrpamrviea o lsenin 41 BTH 14, 15E ahd &3 T .
AnoniE 41 8M & APE HA an B T
B Ground eracks ANvigrians 417N 14 33E A 1 N "
O Ground sattiamonts Ananao 41,20 14 48E A 83 7 ?
Bsgrali de Trigna 41BN 14.4TE M LE:| T 7
B Hydrological anomaly Boano 41 48N 18 ATE HA (i £ B ™
B Tsunami Caigrrn 41 18N 14.3TE HA W T 7
- Campobassn d N 14 45 O e o =¥
e " A \Y Cantalupn 41 31N 14,336 (s o 1 %
ﬁ;q\% *H" ™ Cape 40.33N 14 558 TS 110 5
b 1! ‘l,..-. . ,._ \ ) "-'_"‘ Caroreil 41,42H 14,17E =Y T 7 7
‘ o . M b . st _“_lt L CassTn 41 48BN 1182E Ha 55 7 -
3 . - v X Castelfranco n Misosan 11, 5EN 15.6E SM E4 T T
at Y . EENOE R Castervnnnm 41 23N 14, 53E HA. Gt n T L
..‘Qf; A T:RJ.' g S Camwto ssnnin A1 FEN 14, 55E T, 0, 5u 1] ]

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.

Madanng dedl Afon
Mulrang

Mondaguno 41.38M 14 4E Gl 11} f
Meircdne 41, kN T.0TE al e B 1l
Mapail 40,6518 1% 15E T L]

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

" Tesvianio a1, 78N 14 55E A, O Ml r T

= Venholnme 40 BEM TA53E TS 122 5
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23 July 1930, Irpinia earthe

23 July 1930, Irpinia earthquake -
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23 July 19340, irpinia earthguake

23 July 1930 Irplnla earthquake T
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Effects on natural envwonment are Iargely 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 eplcentral Intensity values are c0|nC|dent I =X
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23 November 1980, Irpinia earthquake

THE IEFINIA EARTHOUAKE
| OF NOVEMBER 21 1980
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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 |, = X, in good agreement with |, 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 lo 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.




