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Abstract: Many Italian cities and towns have been affected by geological or geohydrological processes.
However, due to the loss of historical memory, lessons of the past have been ignored; new urbanized
areas have expanded into the same zones where damage and casualties occurred in the past. Despite
current practices, researchers are showing how historical data can be among the most valid tools for
identifying the most affected and hazardous areas. When the completeness and quality of historical
sources are sufficiently high, we can make useful statistical inferences regarding the spatiotemporal
variations of natural processes. This information is of great importance for land use planning, as it
makes us able to rely not only on the current state of the investigated areas but also on their dynamic
evolutionary framework over time. In this article, we present a chronological review of past Italian
works describing the occurrence of natural extreme events making use of historical data. Then, we
present some Italian case studies in which the awareness of hazards gained by paying attention to
past information would have ensured better management of the risk for the benefit of public safety.
Finally, the authors stress the need to safeguard, manage, and enhance the large collection of historical
data that constitutes Italy’s heritage.

Keywords: geological and geohydrological processes; historical research; old documents; cultural
heritage; land use planning; urbanization; hazard and risk mitigation

1. Introduction

Italy is a young peninsula from a geological point of view: its shape and physical
configuration originate from the collision between the African and Eurasian plates that
occurred during the Cenozoic. This geological event caused the closure of the Tethys Sea
and was accompanied by the compression and piling up of its sediment, which determined
the formation of the two important mountain chains that now characterize the Italian
territory: the Alps and the Apennines [1,2]. This tectonic evolution is still ongoing, causing
remarkable seismic and volcanic activity, which threatens human settlements and activ-
ities. The diversity of the Italian landscape is also due to the wide variety of lithotypes,
including pre-orogenic basement and successive sedimentary cover [3,4]. This situation,
combined with the high population density, especially distributed in coastal areas, makes
the peninsula particularly vulnerable to extreme natural events, such as earthquakes and
volcanic eruptions, as well as landslides, mud debris flows, and floods.

Looking at Catalogo Parametrico dei Terremoti Italiani (Parametric Catalogue of
Italian Earthquakes) [5], we can easily see that earthquakes often occur in areas that have
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already been shaken by past events. The strongest historical events occurred in Sicily, in
the eastern Alps, and along the central–southern Apennines, from Abruzzo to Calabria.
However, major earthquakes have also hit the northern–central Apennines and the Gargano
(Apulia) promontory.

Specifically, 75 earthquakes from medium to high magnitude (Mw ≥ 5.5) have oc-
curred since 1900, some of which caused heavy losses and had significant environmental
effects. The strongest of these was the Mw 7.1 earthquake that destroyed Messina and
Reggio Calabria in December 1908 [5–10], causing about 80,000 deaths.

In the last 60 years, the most damaging earthquakes occurred on 6 May 1976 in Friuli
Venezia Giulia (Mw 6.5, 989 casualties) [5,11,12], on 23 November 1980 in the Campania–
Basilicata region (Mw 6.9, 2914 victims) [5,13–16], and on 6 April 2009 in Abruzzo (Mw
6.3, 309 victims) [5,17,18], as well as the 2016–2017 seismic sequence in Central Italy
(299 victims) [5,19–22].

However, it should not be forgotten that Italy also has many volcanoes, at least 10 of
which are “active” (which means that they have “woken up” at least once in the last
10,000 years): Etna, Stromboli, Vesuvius, Ischia, Lipari, Vulcano, Pantelleria, Colli Albani,
Campi Flegrei, and Isola Ferdinandea. The only two that currently erupt continuously,
separated by short intervals, are Etna and Stromboli. When we consider volcanic eruptions
that occurred historically in Italy, we are immediately reminded of 79 BC, when there was
the great eruption of Vesuvius, which buried the nearby cities of Pompeii and Herculaneum
under a cloud of ash and pumice rocks, causing thousands of casualties (based on descrip-
tions in two Epistulae by Gaius Plinius Caecilius Secundus). Vesuvius has apparently been
“dormant” (which does not mean extinct) since 1944, but it is perfectly active [23]; the risk
linked to Vesuvius is determined by the fact that a densely settled area has developed
around it over the centuries, with millions of inhabitants. Mount Etna, in Sicily, is the
largest active volcano. The most impressive effusive eruption of Etna in historical times
took place in 1669 [24], when lava buried numerous villages, reaching as far as the sea
near Catania, with a flow up to 17 km long but without casualties. In recent decades, only
Etna and Stromboli have erupted. Etna is usually active, sometimes more so, sometimes
less so. In 1979, Mount Etna had a sudden explosion that caused 9 deaths and 23 injuries
among a group of tourists on an excursion [25,26]; at that time, the last official order for the
evacuation of a town due to an eruption was issued.

In addition to endogenous phenomena, exogenous phenomena also contribute to
increasing the risk. Every year, in Italy, hundreds of floods and thousands of landslides
occur, affecting the environment and causing severe damage and casualties. The reason for
such activity is that Italy is a peninsula with a highly articulated and complex hydrographic
network. There are about 1200 rivers, 57 of which are longer than 100 km. Therefore,
thousands of torrents and streams make up a very dense network. This inevitably brings a
high risk of possible flooding for a large part of the peninsula. In conjunction with rainy
periods, landslides can be triggered; they are superficial if the rainfall is short and intense,
and deeper if the rainfall lasts for several days. For this reason, we treat them together,
defined as geohydrological processes [27].

Although geohydrological processes have been occurring since remote times, they
have accelerated considerably since around the end of World War II [28], with numerous
serious geohydrological processes devastating Italy, in terms of both human victims and
damage to structures and infrastructure. However, it is important to distinguish the
different phenomena: on one hand, landslides, mudflows, and debris flows, and on the
other hand, floods.

Regarding landslides, the most damaging event, which was world-renowned and
widely studied, was the Vajont landslide (Friuli Venezia Giulia, Northern Italy) on 9 October
1963. It is one of the largest mass movements ever to occur in Italy (about 240 million m3).
Earth that detached from the slope fell into a large hydroelectric reservoir. The resulting
water wave passed over the dam and poured over the Piave Valley floor, sweeping away
many villages; in total, 1911 casualties were reported [29,30], but there were probably more.
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Concerning mudflows and debris flows, one of the most catastrophic events (consid-
ered anthropogenic) took place in July 1985 in Prestavel (Trentino, Northern Italy), when
a huge mudflow occurred. The tailing ponds of the Prestavel fluorite mine broke their
banks, discharging 180,000 m3 of mud in a matter of minutes onto the small tourist village
of Stava. Many houses and hotels were razed to the ground, and there were 269 casualties
and many injuries [31,32].

Another large mudflow struck several towns in Campania (Southern Italy), including
Sarno, in May 1998. Numerous mudflows invaded the villages, rapidly filling houses and
causing as many as 160 casualties [33,34].

Italy also has a very long history of floods. Since the end of the Second World War,
some noteworthy floods have occurred. In particular, in November 1951, the famous
Polesine (Veneto) flood caused 100 deaths (84 died on a truck). About 100,000 hectares was
flooded, and 5674 houses were destroyed or damaged; a total of 33% of the population was
forced to leave Polesine after the flood [35].

Fifteen years later, in November 1966, the great flood of Florence occurred (which also
involved Veneto, Trentino, and Friuli), with 111 casualties [36]. This flood greatly shocked
the international community, especially because of the serious damage to art museums and
the national library of Florence [37]. Lastly, we also remember the two great floods of 1994
and 2000 that hit Piedmont in particular, causing very serious damage, with 69 casualties
(1994) [38] and 36 casualties (2000) [39,40].

Knowledge of the above-mentioned endogenous and exogenous phenomena was
possible thanks to the extensive and critical use of historical sources, in which Italy is
particularly rich. The wealth of written sources and their widespread availability come from
the different foreign rules and subsequent administrative structures that have succeeded
one another over the centuries.

Historical sources can be used to identify urban areas that were affected by extreme
natural events in the past; thus, we can understand the impact that these events had on
humanity, the built environment, and the territory. The aim is to obtain a powerful tool
to prevent the occurrence of hazards and mitigate risks. With this in mind, in this article,
we discuss five case studies scattered throughout the peninsula dealing with processes
that differ in terms of type, evolution, kinematics, and damage. The five case studies,
covering areas affected by both hydrogeological and seismic hazards, can be considered
illustrative of how knowledge of the memory of places and humanity’s respect for the
natural evolution of the territory would have contributed to mitigating the risk of natural
hazards to prevent disasters.

Following the Section 1, the article is divided into four main parts: (a) an overview of
the main works that made use of historical sources to report on the occurrence of natural
hazards in Italy; (b) the Section 3, which describes the approach followed to analyze the
five case studies; (c) the Results section, in which the natural hazards that occurred at
each of the five sites are analyzed, along with the role of humans in mitigating risks (or
not); (d) the Section 5, which provides a critical analysis of the five case studies; and
(e) the Section 6, in which the authors sum up the research and propose concrete actions of
interest to stakeholders and policymakers with regard to improving the management of
natural risks.

2. Pioneers in the Use of Historical Sources to Study Natural Hazards in Italy:
An Overview

In past centuries, Italian scholars dealt with natural extreme events, which attracted
their interest based on the causes of natural processes and their possible repetitiveness over
time. Certainly, geological and geomorphological phenomena are among the events that
cause concern and spark the imagination; thus, information about them is worth handing
down, and people have frequently had the propensity to pass on significant events they
have witnessed to posterity. Often, those who witnessed the effects of extreme natural
events felt the desire and the need to leave a testimony, perhaps a long narrative or even a
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simple description of, for example, the exceptional height reached by the waters of a river
or the effects of an earthquake or a landslide on a certain area or town.

2.1. Floods and Landslides

For example, browsing through the pages of an anthology of ancient Latin poets, we
can find this passage by Silius Italicus in his Punica Liber IV [41], which refers to the Battle of
the Trebbia, which took place on 25 December in 218 BC. In epic form, the author describes
a violent raging of the river that caused the death of numerous soldiers (Figure 1). Gaius
Plinius Caecilius Secundus [42], in his Naturalis Historia, told of a landslide that during the
great eruption of Vesuvius prevented people from approaching the shoreline. [43]. The poet
Dante Alighieri, in Inferno, the first canticle of The Divine Comedy (about 1320) [44], could
not fail to mention the “ruina di Marco” near Rovereto (Trento province, Northern Italy),
an area he had known during his travels. It was an area of more than 35 hectares where
cyclopean boulders detached from Monte Zugna and were carried downstream by water,
diverting the course of the Adige River in prehistoric times [45], an event so terrifying that
Dante had to mention it.
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Figure 1. Passage from Punica Liber IV by Silius Italicus [41] (verses 570–580) describing the Battle of
the Trebbia, in which many soldiers drowned due to a flood.

We can consider the attention paid by the people of Rome, more than 800 years ago, to
the heights reached by the waters of the Tiber in the “Urbs Aeterna”. Today, walking some
distance from the Tiber’s riverbed, we can still find some epigraphs, the so-called “flood
notches”, known also as “little hands”, indicating the height reached by the Tiber in the
city. Many epigraphs can also be found on the façade of the Basilica di Santa Maria sopra
Minerva in Piazza della Minerva, near the Pantheon. The oldest marble plaque, placed at
Castel Sant’Angelo, recalls the flood of 6 November 1277, although written sources mention
that older flood notches were once present and later disappeared [46].

In Florence, there are also many epigraphs testifying to the various floods of the Arno
that hit the city over the centuries. The oldest is from 1333 [47], and the great floods that
followed, which occurred in 1547, 1557, 1589, 1740, and 1758 and on 3 November 1844, are
commemorated by plaques. The Florence municipality made a census of the epigraphs,
and georeferenced them to implement the data in a Web GIS [48]. The Web GIS reports
include, in addition to the geographic coordinates of each epigraph’s location, the details
of the information on the plaque, such as the date of the flood and, above all, the height
reached by the floodwaters.
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In the Roman period, descriptions of Tiber floods were recorded by Titus Livius (at
least eight before 189 BC), Horace and Dione Cassius (nine around the time of Christ’s birth),
and other Latin authors such as Tacitus and Plinius [49]. Floods in the medieval period and
up to 1870 were studied and reported by contemporary writers such as Castiglione [50] and
Bonini [51]. Later, other historians sporadically described the floods they witnessed. The
records of the earliest period, up to 1870, are essentially based on the chronicles of floods in
Rome and the records of flood levels handed down through the generations, as attested by
the many tombstones that can still be seen today. Although height measurements from the
first hydrometer in Ripetta (Cavour bridge in Rome) have existed since 1782, it was not
until 1871, following the great flood of 29 December 1870, that the Ministry of Public Works
began to systematically observe the river level daily under normal conditions and hourly
during floods, as Di Loreto and Bersani [49] recently reported.

Descriptions of the old catastrophic floods of the Arno River in Florence were pub-
lished in 1762 by Ferdinando Morozzi [52], a hydraulic engineer, and the work was later
resumed in 1845 by Giuseppe Aiazzi [53]. Some historians have gone further, not limiting
themselves to describing just one episode [54] but describing in detail different areas of
specific regions [55], also mentioning the various disasters that affected the territory. For
example, Goffredo Casalis [56], an Italian abbot and historian, completed a tremendous
31-volume work that has become a touchstone for historical research. His dictionary il-
lustrated the civil conditions of every inhabited part of the Sardinian Kingdom, which
included four regions of present-day Italy and part of Switzerland and France. Casalis
described the morphological characteristics, the geographical position, and the climate of
each one; the information is completed by descriptions of historical events of each country,
including extreme natural events such as landslides and floods.

Pantanelli and Santi [57], late-19th-century scholars, writing about the Emilian Apen-
nines, stressed that “all or almost all the big landslides of our day are nothing more than
a renewal of landslides occurred in periods before the nineteenth century” (translated
from Italian).

Shortly thereafter, Santi [58] cited ancient gravitational movements in the Modena area,
which destroyed fortresses and towns. Following Santi, there were also numerous reports
by Almagià (1907, 1910) in his two important volumes [59,60] focusing on landslides in the
Apennine chain.

In 1900, Comandini and Monti [61] published a significant collection of data related to
Italy throughout the 19th century. After reviewing many sources (journal articles, books,
technical reports) in their work, they provided a good synthesis of all the events for which
they had found at least one record, listing all of the storms; dry, rainy, hot, and cold periods;
and hydrogeological processes.

Three years later, Berta [62] published a volume on the history of the city of Alessandria
from 1168 to 1900; it contains numerous references to flooding originated from the Tanaro
and Bormida Rivers, which the city straddles [63].

Returning to the Apennines, in accordance with the oral traditions still widespread in
the Langhe Hills (Piedmont), Pullè [64] wrote that “many are the legends of the small town
of Frignano that tell of countries swallowed up by the earth or submerged by the waters [. . .]
such legends betray the ancient terror I would say almost atavistic of disasters” (translated
from Italian). More realistically, in reference to Piacenza and Parma, Almagià [59] wrote that
“some local names testify to disasters that occurred in past times” (e.g., “Lacereto, Lama,
Rovina, Rovinaglia, and Rovinasso”, names of Italian areas affected by past landslides).
Toponyms, in fact, are an indispensable complement to historical research in a certain
territory; they can provide us with much information that we cannot always find in
documents. There are many toponyms throughout the peninsula that recall places where,
in the more or less recent past, harmful phenomena occurred. On the slopes, we can
find the localities of Ruinon (equivalent to “big ruin”) in Valfurva (Lombardy), ”Le Rotte”
(equivalent to “the breaks”) in Bosia (Piedmont), and “Lavini di Marco” (“lavini” is for
“landslides”). These toponyms refer to the giant landslides in the Rovereto area (Trentino
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Alto Adige) mentioned by Dante in The Divine Comedy [44]. In addition, there are the hamlet
of Sommarovina (“supreme ruin”) in San Giacomo Filippo (Lombardy), and some built-
up rivers where mud/debris flows are called “inferno” (“hell”) in Omegna (Piedmont),
“Rabbia” (“rage”) in Sonico (Lombardy), and “Rotolon” (“tumble”) in Recoaro T. (Veneto).
Moreover, along waterways, there are places such as “Borgata La Rotta” (“break levee”) in
Moncalieri (Piedmont) along the Po River; “Cascina Malpensata” (“badly thought farm”)
along the Chisone (Piedmont); up to the banks of the Po in the town of “Alluvioni Cambiò”
(“changed by floods”) in Piedmont, a town with a singular history behind it [65].

The examples continue for other areas of the peninsula: the term “lama” with all its
derivatives, such as “lavina”, “lavanga”, “calanca”, “rovina”, “motta” and “smotta”, and
“sciolle”, is emblematic of the traces left throughout Italy by landslides [66].

This concept was taken up for the Piedmontese alpine environment by geographer
Giorgio Roletto [67], who stated that “Our mountains still await many revelations from
archive research, which on the other hand can never be dispelled by the research done on
the ground [. . .]. In the Pellice Valley (Piedmont) has been affirmed the conviction that
every hundred years there is a periodic ineluctable return of the flood”.

The development of a research sector for the historical reconstruction of geological and
geomorphological phenomena in Italy has gradually gained momentum in the scientific
community since the 1970s. This research sector makes use of competencies that straddle the
humanistic and geological disciplines. For example, since its founding in 1970, the Research
Institute for Hydrogeological Protection (IRPI) of the National Research Council (CNR) has
specialized in historical research, based on the belief that knowing the past well makes it
easier to predict the future. In this way, under the supervision of geologist Mario Govi,
director of the Turin IRPI, many researchers have dedicated themselves to the historical
investigation of geomorphological phenomena in specific valleys or entire regions. Thus,
the idea of developing a national catalogue to collect all historical information concerning
the geological–geomorphological processes that have caused damage was born. At the
end of the 1980s, the Minister for the Coordination of Civil Protection commissioned
the CNR to conduct historical research with the aim of carrying out a census of areas
historically affected by geological and hydraulic hazards (landslides and floods). In this
way, the Aree Vulnerate Italiane (Italian Affected Sites; AVI) Special Project (1994) was
developed [68]. The archive of the project collected historical information related to the
natural instability processes that had occurred in Italy since 1917 (much earlier events were
also included, albeit sporadically) by searching 100 national and local newspapers. The
archive contained over 22,000 pieces of information related to landslides, covering over
18,500 affected locations, and over 7500 pieces of information related to floods, covering
12,000 affected locations. It was considered the first work of its kind on a national scale.
Unfortunately, after funding ran out, the project was not continued. The information was
later used by many other authors in their works, although the analysis only started in 1918.

Del Din Dall’Armi [69] published an interesting volume, a collection of geohydrologi-
cal events in a mountainous region of Veneto (an area known as Agordino) particularly
prone to instability.

In 1987, the Agency for New Technologies, Energy, and Environment (ENEA) pub-
lished the Giano Project [70]. The plan was to catalogue hydrogeological instability events
in Italy during the 18th and 19th centuries. However, the project was discontinued after
only three years, which inevitably affected the completeness and representativeness of the
data. Later, in the late 1980s, the Study of Unstable Inhabited Centers (SCAI) Project [71]
was promoted by the National Hydrogeological Disaster Defense Group (GNDCI) within
the framework of activities for the prediction and prevention of high-risk landslides (“Pre-
visione e prevenzione dei fenomeni franosi a grande rischio”). The aim of the project was
to evaluate the instability conditions of some inhabited Italian towns. With detailed and
specific investigations, the conditions of instability associated with various types of mass
movements affecting inhabited areas and dwellings were mapped and described, with
particular attention being given to the safety of buildings and inhabitants. In that study, the
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historical reconstruction of past phenomena was a necessary and essential methodological
step, with a very important role. The SCAI Project is based on Law No. 445, promulgated
in 1908. The law was intended to sustain the investigations on the geological instability
of towns to identify both conditions that were dangerous to public safety and situations
that required the relocation or consolidation of settlements. Law No. 445 of 1908 classified
1306 inhabited centers to be consolidated and 323 to be relocated throughout the country.
Since 1988, several research groups have worked on the project, publishing many papers
based on historical analysis and geological–geomorphological studies.

In 1992, Vincenzo Catenacci [72] published a volume of over 300 pages covering major
slope instability phenomena that affected Italy from 1945 to 1990. The book was based
on data gathered from scientific publications and newspapers, and it was enriched with
many photographs.

Another important study was conducted by Govi and Turitto [73]. Following the
serious event that occurred in Valtellina (Lombardy) in July 1987, they launched a fact-
finding investigation to obtain a picture of similar phenomena occurring in the same
territory over the centuries. Their attention was focused on selecting scientific papers and
local newspapers that dealt directly or indirectly with the problem of geohydrological
processes in the Valtellina Valley (Lombardy). The content of each text was analyzed
and summarized, and the types of phenomena reported were highlighted, indicating the
degree of technical or purely informative detail in the description. In addition to the
names of affected places and the event dates, the resulting damage and any further useful
information for characterization were systematically reported.

Luino, in collaboration with some researchers from IRPI Torino, systematically ana-
lyzed the hydraulic criticality of five important rivers in Lombardy—the Staffora stream [74],
the Pioverna and Serio streams [75], the Oglio River [76], and the Lago Maggiore-Ticino
River [77]—using a well-established methodology at the CNR-IRPI in Turin. This geological–
geomorphological study was accompanied by a deep historical analysis concerning all
past floods (with heights, casualties, and damage) and the subsequent identification of
potentially flood-prone areas on the valley floor. At the end, an urban layer was superim-
posed to verify the suitability of the regulatory plans. The IRPI research method was also
considered in the Piedmont and Liguria regions. The whole path of the methodological
approach consists in comparing archival findings with field evidence to assess the processes
of natural hazards, and their occurrence and magnitude, and arranging all the data in a
GIS to be properly managed [78–82].

In the south of Italy, Petrucci, in collaboration with some colleagues, conducted
several historical studies [83–86]. These works are the result of a long and patient research
process in which he consulted ancient maps and unpublished documents dealing with the
geohydrological instability phenomena that have occurred in different areas of Calabria
over time.

Another important study area in southern Italy is the Campania region. Especially
after the famous Sarno landslide in 1998, studies on landslides and alluvial phenomena
that affected that area (and neighboring areas) in historical times have multiplied [87–92].

Tropeano and Turconi [93] published a paper precisely concerning the use of historical
data in investigating the prevention of natural hazards such as landslides, debris flows,
and floods in northern Italy. They argued that today’s processing of archival data allows for
possible analytical applications for the structural remediation of natural hazards in built-up
areas. In any case, the research results make it possible to raise public awareness of natural
hazards and to implement the appropriate civil protection strategies.

Luino et al. [94] conducted extensive historical research on the city of Alba (Piedmont),
which was severely affected in November 1994. By comparing old maps and recovering
old documents, the authors discovered that large areas of the city had already been affected
by severe flooding in the past and that new residential districts and industries (Ferrero
confectionery) had sprung up in those areas.
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Alluvial phenomena that occurred before the birth of Christ are found in various
works, involving both the Po River [95] and the Tiber River [96,97].

In 2014, Lazzari noted the usefulness of historical data in defining geomorphological
risk and in subsequent risk assessment in the spatial planning phase. In that paper, he
described past studies using historical data [98].

In addition to the conscious need to hand down written memories of such news in an
appropriately elaborated form, the cardinal concept that has guided the main activities of
all bodies that have collected data over the past 50 years, primarily the CNR-IRPI of Turin,
is that exogenous and endogenous phenomena are likely to repeat themselves in space
(very often in the same places) and in time (according to extremely variable intervals of
recurrence), in ways similar to those in the past.

2.2. Earthquakes

Historical sources are also a significant tool to obtain information on earthquake
activity in the past. The earliest “catalogue” of Italian earthquakes goes back to the “para-
doxography” literary genre [99], which consists of “paradoxical” objects and events in the
natural and human worlds, i.e., things that are strange but true [100]. The first important
catalogue of the Italian region was compiled in 1457, at the beginning of the modern age:
“De terraemotu libri tres”, by politician and humanist Giannozzo Manetti [101]. The book
covers the period from antiquity to 1456, with the last date being when the strongest
earthquake since the 11th century hit peninsular Italy (Mw 7.2) [5]. After about two and a
half centuries, during which other catalogues were also compiled, the monumental work
by Marcello Bonito was printed [102]. Bonito made extensive and critical use of original
sources to list earthquakes from all over the then known world. However, it was not until
the 19th century that a paradigm shift occurred in earthquake data compilation. Indeed,
the early 19th century saw the catalogues shifting from a simple list for intellectuals and
historians toward a positivistic–scientific interpretation of the correlation between earth-
quakes and volcanic phenomena [103,104]. Leopoldo Pilla [105] stressed the importance of
historical memory to put into practice what we call prevention today: “[. . .] The tremor
occurs in one place, and in a short time it devastates [. . .] but the time that destroys every-
thing, still erases the memory of past disasters [. . .]. Thirty, fifty, and one hundred years
pass by, and here the trembling again melts the same district, which so that it did not find
more attentive than in the previous attack, becomes a new field of death [. . .]” (translated
from Italian).

The next “maturation” phase in dealing with historical data was introduced by
the “milestone” catalogue by Baratta [106], “I Terremoti d’Italia” (“Italian Earthquakes”).
Baratta catalogued the major earthquakes from the first century BC until the end of the
19th century, identifying over 250 seismic centers. He made wide use of historical sources,
whose references he provides in the third part of his volume under the title “Saggio di Bibli-
ografia Sismica Italiana” (“Italian Seismic Bibliography”). The relevance of Baratta’s work is
attested by the fact that it is a source widely used by current compilers of seismic catalogues.

Other national and local catalogues have been published since Baratta’s. Among these,
the efforts made within the framework of Progetto Finalizzato Geodinamica (Geodynamic
Oriented Project; PFG) of the Italian National Research Council (CNR) are worth noting.
Indeed, the aim of PFG was to make the most of historical data for practical purposes.
The results were “Atlas of Macroseismic Maps of Italian Earthquakes”, concerning specific
historical–seismological studies of past earthquakes, and “Catalogo dei Terremoti Italiani
dall’Anno 1000 al 1980” (“Catalogue of Italian Earthquakes from 1000 to 1980”) [107,108].

Improvements in interpreting historical data, new extensive research on unknown
earthquakes, and an increase in the quality and completeness of information related to
already known past events have led to the following versions of the current catalogues
and databases: (1) Parametric Catalogue of Italian Earthquakes, CPTI15 [5], with the
associated Database of Italian Macroseismic Database, DBMI15 [109], and (2) the parametric–
descriptive Catalogue of Strong Italian Earthquakes, CFTI5Med [110].
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The CPTI catalogue, the first version of which dates back to 1999, has been adopted
for seismic hazard analysis; it lists about 4900 earthquakes with maximum or epicentral
intensity greater than or equal to 5 during the period 1000–2020. The catalogue is supported
by DBMI15, which supplies historical source-derived intensity data points useful for
assessing the earthquake parameters of CPTI15.

The parametric–descriptive CFTI5Med catalogue includes more than 1600 earthquakes
in Italy and the Mediterranean region from 760 BC to 1997. The catalogue represents the
(temporary) landing point of a long-term project that had its first outcomes in 1995, with
the publication of the first version (CFTI 1). However, this last version was planned to
only include earthquakes that occurred in Italy [111]. Later historical studies [112,113]
allowed the catalogue to be extended to cover the Mediterranean region. CTI5Med is
aimed at helping researchers to retrieve information useful for analyzing and reinterpreting
earthquakes from different points of view (e.g., damage, environmental effects, reconstruc-
tion, institutional response, and relocation of settlements). For this purpose, it included
some original historical sources, transcribed or printed. The historical sources used for
the analysis of earthquakes included individual and institutional testimony, sources on
literary and naturalistic erudition, gazettes and newspapers, historiographical studies,
oral tradition, epigraphs, scientific reports and field surveys, and macroseismic surveys.
However, historical data have also been considered in other fields of earthquake research.
For example, historical sources can be examined to learn about urban damage patterns
caused by past earthquakes in detail, supplying information useful for seismic microzoning
purposes [114]. Primary sources were extensively used to map earthquake effects on urban
areas in several Italian localities, allowing damage events to be pinpointed at different levels
of spatial accuracy depending on the quality and completeness of the sources [115–121].

2.3. Volcanoes

Historical sources are also required to know the eruptive chronology of the most
important Italian volcanoes; in addition to field analysis, historical evidence of volcanic
activity over at least the last 2000 years is essential. The history of volcanoes cannot be
ignored, as it provides a key to interpreting their setting, as well as a view on future activity.

The most important example is certainly the history of Vesuvius, starting from the
eruption in 79 AD. The masterful description of this eruption, which destroyed Pompeii and
Herculaneum, by Gaius Plinius Caecilius Secundus (61-11 AD) can be considered the best
historical documentation regarding the activities of Vesuvius that has been handed down
to us from antiquity [122,123]. The term “Plinian eruptions”, currently used in volcanology
to describe extremely explosive eruptions, comes from the description of Vesuvius by Pliny
the Younger. Again, a subplinian eruption occurred in medieval times in 472. This eruption
was described by Marcellinus Comite in Chronicon; then, many sources provide details on
the destructive eruption of Vesuvius in 1631 [123]. This last eruption was well documented
by eyewitnesses such as Manzo [124], Braccini [125], and Recupito [126], who described
not only the eruptive phases but also the precursor phenomena, the impact on towns,
and the consequences for the population and the volcano setting. The history of the most
important Italian volcanic complexes in addition to Vesuvius (Campi Flegrei, Etna, etc.)
has been collected and described extensively over the centuries, but a systematic study
with an analysis of historical sources and direct field observations is due to seismologist
and volcanologist Mercalli in 1883 [127]. The study was developed into the publication
Vulcani e fenomeni vulcanici in Italia (Volcanoes and volcanic phenomena in Italy). Mercalli
first proposed a classification of volcanic and seismic phenomena in the Italian region
(e.g., Campi Flegrei, Vesuvio, Etna, Isole Eolie, Stromboli, Vulcano, and Pantelleria e
Linosa). Currently, the eruptive history of Italian volcanoes is mainly documented by INGV,
which publishes daily updates on its institutional website [128].
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3. Materials and Methods
3.1. General Settings of the Case Studies

In the following subsections, five case studies in Italy concerning different geohy-
drological and geological hazards are investigated. All five towns or villages considered
(Figure 2, Table 1) have been frequently hit by extreme natural events in the past, and we
investigated such events, making extensive use of historical sources. Although the natural
processes were repeated over time and many historical documents reflect the hazardous
nature of these areas, no correct land use planning was adopted [94]. For each case study,
both the research methodology and materials used, and the results obtained are discussed
in depth.
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Figure 2. The five case studies examined with their geographical coordinates: two in the north (a) and
three in the south of Italy (b) (from Google Earth, modified).

Table 1. Case studies: region and province of inhabited centers, and number of inhabitants.

Town/Village Region Province Inhabitants (2021)

Venaus Piedmont Turin 883
Canelli Piedmont Asti 10,165

Gragnano Campania Naples 28,293
Calitri Campania Avellino 4256

Craco (old town) Basilicata Matera 0 (abandoned)

3.2. Methods

According to Ibsen and Brunsden [129], historical data can be categorized into four
groups: (a) data that directly report the occurrence of natural hazards (e.g., floods, land-
slides, earthquakes); (b) data that indirectly offer evidence that can support causal or ex-
planatory models (e.g., climatic records); (c) auxiliary surveys that refer to other significant
information (e.g., geomorphological surveys); and (d) phenological accounts concerning
timing (e.g., changed groundwater levels after rainy periods).

The historical data we considered in our five case studies mainly belonged to groups
(a) and (c). The data were used to identify the following: (1) the chronology of the triggers
of natural hazards; (2) the features (e.g., magnitude, size) and causes of natural hazards;
(3) the toll on human life (dead and wounded); (4) the damage to buildings, infrastructure,
and cultural heritage; (5) the environmental consequences, such as primary and secondary
effects of earthquakes; (6) the relationship between built-up areas and hazardous areas over
time; (7) the transfer of urban areas due to the hazard; (8) consolidation works and their
efficacy over time.

To shed light on these aspects, we carried out studies referring to documentary and
ichnographic sources derived from (1) State archives, (2) historical archive of the National
Department of Civil Protection, (3) municipal archives, and (4) archives of research institutes.
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As regards the State archives, they are located in each provincial capital, with about
100 offices being scattered throughout the Italian peninsula. The role of these archives
is to safeguard and make the most of documentary heritage and to ensure its public use.
They conserve documentation produced by the central and peripheral administrations of
the pre-unification states and the archives of the peripheral administrations of the unitary
state [130]. In our study, we searched for and analyzed material related to documentation
produced by Commissariato Civile per la Basilicata (CCB), preserved at the National State
Archive of Potenza, the chief town of the Basilicata region. CCB was a body established
by Basilicata Law No. 140 of 31 March 1904. It had a role in the planning and building
of public infrastructure in Basilicata, including construction aimed at consolidating the
towns affected by slope instability, in an attempt to mitigate the local geohydrological
risk [131,132].

The second archive analyzed was Archivio Storico Nazionale del Dipartimento della
Protezione Civile (National Historical Archive of the Civil Protection Department) in Rome.
The documents were consulted before the historical archive was acquired by Archivio di
Stato di Roma (State Archive of Rome). The collection amounts to about 15,000 documents
related to disasters that have occurred in Italy since 1908. The archive grew thanks to
several acquisitions from other bodies that were responsible for civil protection in Italy
before the establishment of the Civil Protection Department of the Presidency of the Council
of Ministers in 1982 [133].

The third archives we considered in our research were the municipal historical archives,
the documents of which are recorded following a standardized methodology fixed toward
the end of the century [134] by a circular by the Ministry of the Interior. These documents
are categorized under 15 topics. Researchers interested in studying natural hazards usually
focus their efforts on two main subject categories: X, Lavori Pubblici (Public Works), and
XV, Pubblica Sicurezza (Public Safety). Research on the five case studies discussed in this
article also focused on these two categories.

The fourth repository we analyzed was the historical archive of the IRPI-CNR. In
particular, the historical archive of the IRPI of Turin contains over 120,000 unpublished
documents concerning landslides and floods that have occurred in the basin of the Po River
(the longest river in Italy) since 1800. For some areas, such as the Piedmont region, the
available documents date back to the 1700s.

The documents largely consist of descriptive reports following technical inspections,
declarations of public disasters, municipal resolutions, reports of instability and damage,
field surveys, requests for subsidies, and so on. Much information on topics of interest is
included in projects accompanied by floor plans, reports of direct testimonies, interviews,
and black-and-white or color photographs. The collection of this documentary heritage was
possible thanks to a long search carried out in numerous archives, such as state archives,
prefectures, civil engineering offices, municipal archives, and archives of associations and
private citizens. To safeguard the documents and make them available to researchers for
faster consultation, they were all scanned and converted to Portable Document Format
(PDF) files in 2011. Part of the documentation was also included in a relational database
for the easier searching and consultation of historical records [135]. For the case studies
analyzed in this article, we made extensive use of reports on the occurrence of natural
hazards, descriptive reports on post-event inspections, municipal resolutions on remedial
works to be carried out, descriptions by competent territorial authorities, maps of the
affected areas, and photographs.

Beyond the original documentary records preserved in the public archives, we also
considered printed sources, such as field surveys, monographic studies on natural hazards,
historical cartography, local historiography, and newspapers. The latter were especially
useful for identifying the chronology of natural phenomena and related damage.

In the analysis of natural phenomena and their impact on the built and natural envi-
ronment, documentary sources from bodies with a public function (e.g., municipalities,
civil engineering) were favored. These records usually guarantee higher quality and more
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complete information. Furthermore, to both ascertain the reliability of the information
retrieved and ensure data completeness, we performed cross-correlation analysis on differ-
ent historical sources. Overall, for the analysis of the five case studies presented here, the
historical sources taken for reference span from the 17th to the 19th century. The next five
sections describe, for each locality, specific aspects of the historical records used.

4. Results
4.1. Belbo Stream and Its Floods in Canelli Town (Northwestern Italy)

Canelli town, with about 10,400 inhabitants, is located on the valley floor of the Belbo
stream (Piedmont—Asti province), a right tributary of the Tanaro River, at an altitude of
155 m a.s.l.; the upper part extends over a hilly area that reaches up to 251 m.

The earliest historical information on flooding originated from the Belbo along the
valley floor dates back to the mid-16th century [136]. The large municipal area of Canelli
that borders the riverbed of the Belbo has been flooded several times; leaving aside the
periods for which the information is incomplete and sometimes difficult to interpret, and
considering only from 1800 to the present day, the concentric area turns out to have been
inundated at least 17 times, 9 of which were particularly severe. The last disastrous flood
occurred on 5 November 1994.

Like almost all inhabited centers, the old nucleus developed in the morphologically
higher area, sufficiently distant from the riverbed, especially on the left slope of the Belbo.
The valley bottom was still wide in 1852 [137]; the area belonging to the river was occupied
exclusively by fields and pastures. The only historical additions were a road bridge that
connected the two sides for centuries and the Alessandria–Bra railway, inaugurated in
1865, with the associated embankment and bridge upstream of the town. In 1880, on the
right bank, the house closest to the watercourse was about 170 m away (Figure 3a) [138],
while on the left bank, most of the houses along the main road were about 120 m from the
riverbed, apart from two buildings that pushed toward the stream at a distance of about
50–60 m.

Two violent floods at the end of May 1879 and on 30 March 1892, with an overflowing
of the Belbo stream, caused serious damage to the houses, small businesses, and workshops
closest to the streambed. Over the years, the land on the valley floor that had remained
vacant began to be occupied, mainly by craft workshops and houses. In the last years
of the 1800s, the Piedmontese economy was transformed with the establishment of a
system of large companies engaged in new types of production, such as the modern
mechanical and electrical industry. Canelli, for example, became the headquarters of
Gancia, a company internationally renowned for sparkling wines and vermouth. The Belbo
valley floor gradually became more urbanized, so while the floods of the Belbo previously
only involved the fields located on the valley floor, with the progress of urbanization, the
first real problems began.

From 1880 to 1933, the town doubled in area from 1.08 to 2.16 km2 (Figure 3b) [139].
Businesses and homes began to appear on the right bank of the Belbo. In May 1926, a
very serious flood occurred: over 100 houses in the capital were flooded, some up to a
height of 2.5–3 m. There was serious damage not only to residential buildings but also
to farmhouses, companies, craftsmen’s shops, and infrastructure. After the substantial
post-flood interventions carried out along the banks and on the embankments by civil
engineers, it would have been optimal to choose the areas farthest from the Belbo riverbed
for buildings. Conversely, in the period between the two world wars, colonization of the
territorial strip next to the riverbed of the Belbo continued at a rate of about 9 hectares per
year. After a particularly rainy period, on 4 and 12 September, two very serious floods
severely affected the economy of the little town. On 4 September, the Belbo stream flooded,
overcame the banks, and invaded the whole concentric area on both banks, with heights
exceeding 2 m. Several houses collapsed, and there was one casualty. In addition, in
this case, the damage to commercial and industrial activities was serious, as many cattle
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drowned, the wells of the aqueduct were clogged, and telephone service and post offices
were destroyed. Other infrastructure for public use suffered severe damage.

An exceptional flow rate of about 1100 m3/s was estimated for the Belbo stream. Only
8 days later, incredibly, another great flood occurred in the Belbo. The water invaded
the town again and, although reaching a lower level (70 cm less than the level reached
8 days before), advanced with greater violence, causing greater damage than the previous
flood. A total of 70 hectares were flooded [140]; in total, 18 houses were destroyed, and
97 were damaged. Damage was estimated at 1 billion and 300 million lire (equivalent to
EUR 25 million today). The waters of the Belbo flooded the town again on 11 February
1951 [141] and 10 November 1951; on the latter occasion, the cost for restoring public works
and repairing the damage to individual buildings was estimated at EUR 15.5 in today’s
currency (“Report on the damage of the flood of 10 November 1951”). Despite these very
serious events, the urban expansion of the town did not stop; rather, it continued. The
built-up areas increased from 4.3 km2 in 1951 to 6 km2 in 1966, at a rate of 11 hectares
per year. Historical research also includes two minor floods of the concentric area of
Canelli on 10 April 1957 and 30 August 1968 caused by tributaries of the Belbo. However,
nothing compared to the events of 2 November 1968. In Canelli, a torrential flood, with
a flow of about 300 m3/s and a duration of 14 h, which was only partially contained
within the previously built defense works, caused very serious damage. Occupying a large
swath of the valley floor, 10 industrial, 170 artisanal, and 143 commercial companies were
affected. The damage to public assets amounted to at least 380 million lire [142] or more
than EUR 7 million today. Flooding originated from the Belbo also involved some side
canals [140].

Massive works carried were out along the valley floor in the post-flood periods: robust
walls, ripraps, and embankments were built upstream and in the concentric area. By the
1970s and 1980s, the last areas of the Belbo River still remained undeveloped. From 1966 to
1991 (Figure 3c,d) [143,144], the built-up area increased from 6.05 to 9.41 km2 at an annual
rate of 13.4 hectares per year, greater than that during the period 1951–1966. In particular,
upstream of the main bridge on the hydrographic right, just behind the riverbed, a large
warehouse was built at the historic Gancia Winery, while on the left bank, several houses
were built not far from the stream.

In this urban situation, the great flood of 5 November 1994 occurred (Figure 4), the
most serious in the city to date. The floodwaters of the Belbo broke through the railway
embankment at the entrance of the town and poured into the town using the main artery
as a means of outflow.
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Figure 4. Canelli, 5–6 November 1994, with superimposition of area flooded in November 1994 and
relative heights (meters) reached by water at ground level [144]. North is up.

Witnesses reported that the water breaking through the railway embankment caused
a sudden wave of more than 3 m (Figure 5a). Two inhabitants of buildings located near
the breakthrough left their homes, were hit by the water, and drowned. There was also
a third victim. The water transported and deposited sediments, floating material, and
debris of all kinds in the inhabited areas. The embankment wall slowed the return of
floodwaters into the riverbed. Despite the effects of gravity, in the central Piazza Cavour, a
comparison of the height of traces left on buildings during the event and the level reported
on a plaque referring to the flood of 4 September 1948 shows that the traces associated with
the 1948 flood (2.06 m) are 69 cm higher than those from 1994 (1.37 m) (Figure 5b). It is
true that the floodwaters in the town did not reach the historical heights of May 1926 and
September 1948 (Figure 6), but on such a heavily urbanized valley floor, the damage was
proportionally much greater.
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Figure 5. (a) Canelli town center on Monday 7 November 1994. Dark flood mark on perimeter wall
of a house in Via Solferino is evident (photo by Canelli Municipality). (b) Helicopter view of eastern
part of city. Silty clay deposits left by the Belbo on flooded valley floor are evident (photo by F. Luino).
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4.2. Forced Abandonment of Craco (Basilicata, Southern Italy)

The (abandoned) historical center of Craco (Figure 7) is in the Basilicata region (south-
ern Italy). The region, which can be seen as an open-air laboratory for multidisciplinary
and interdisciplinary research, is prone to earthquakes and landslides, which have affected
towns and cultural heritage over time [145,146].
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Figure 7. Overview of Craco historical center, now abandoned (photo by F.T. Gizzi).

Craco, among the most famous and iconic “ghost towns” in Italy and the best known
on an international scale, sits at about 390 m a.s.l. and extends over a NW-SE oriented
ridge, delimited by two streams. Along the slopes of the ridge, allochthonous Cretaceous–
Oligocene units are in contact with conglomerates, sands, and clays of Pliocene age. The
northeastern slope of the ridge is affected by numerous landslides, some of which develop
along the entire slope, up to the bottom of the valley. The southern slope is also marked
by instability phenomena, including the Centro Storico (historic center; CS) and Convento
(convent; CV) landslides, responsible for damage to buildings and infrastructure, with the
subsequent transfer of the town [147].

The first notice regarding the activity of the CS landslide dates to the last decades
of the 19th century, when a mass movement was recorded in the southern part of the
town [148]. The reactivation of both the CS and CV landslides continued at different rates
until the end of the 1940s. Following the landslides, several consolidation works were
planned [149–155].

After a period of apparent inactivity, a football field was built on the body of the CS
landslide, downstream of the state road surrounding the town [156]. However, the field
was destroyed due to reactivation of the CS mass movement [156].

In December 1963 (Figure 8), both landslides reactivated, leading to the technical and
administrative transfer procedures of the town [157,158]. The CS landslide reactivated
again in January 1965, with partial collapse of the retaining wall built to support SS103 and
significant damage to buildings (Figure 9). Because of the 1963 movements, after a field
survey performed in early 1964, the technicians of the Italian Geological Service suggested
transferring the town: “The phenomenon [landslide] is currently in such an advanced stage
as to exclude any possibility of slope consolidation and, consequently, of consolidation of
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the town. Therefore, it is necessary to prepare the gradual transfer of the latter [Craco] to a
more suitable area” (translated from Italian) [156].

Two possible areas were recommended: the first (Sant’Angelo) was close to the histori-
cal center, but with limited extension, and the second was located a few kilometers away
(Peschiera) [156]. At first, the municipal administration approved the transfer of the town
to the latter site. However, the identification of a transfer location changed in the following
years. The technicians of the Geological Service carried out another field survey in June
1964 and suggested transferring the town to the site closer to the historical center [159]. This
technical opinion was seen as supporting the widespread discontent among the population
due to the socioeconomic disadvantages that would have resulted from transferring to
the Peschiera site. Therefore, the municipal administration revoked the decision taken a
few years earlier and ratified the Decree of the President of the Republic on 23 April 1965,
No. 800, defining that the transfer should take place both at the site close to the historical
center and at the site far from it [160].
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Figure 9. Effects of CS landslide reactivation in Craco in January 1965. (a) Area close to the retaining 
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Figure 8. Original map of damage caused by 1963 landslide reactivation in Craco historical center;
effects were ascertained with coeval-to-landslide field surveys. Buildings that suffered lesioni forti
(heavy cracks) are depicted in red; those that suffered lesioni notevoli (significant cracks), in green; and
those that suffered lesioni lievi (slight cracks), in yellow [161]. North is up.
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Figure 9. Effects of CS landslide reactivation in Craco in January 1965. (a) Area close to the retaining
wall, damaged and partially collapsed due to landslide movement; (b) same areas with damage
to residential buildings in foreground. A counterfort sustaining a building can be seen, indirectly
suggesting old movements of the landslide [162].

From this depiction of the events, two observations can be made. The first remark
is that the inhabitants and institutions did not consider the repeated mass movements,
with the effects that they caused, as a “warning” sign; on the contrary, the areas affected
by reactivation were, in some cases, subject to reconstruction. Furthermore, the urban
expansion of Craco toward the southern areas of the relief continued in the 19th and 20th
centuries even if the retroactive nature of the CS landslide should have advised against
this choice. In fact, the urban development of the historic center of Craco can be divided
into three main phases [147,163]: (1) the first settlement nucleus (11th–14th centuries),
which developed around the Norman Tower; (2) the expansion phase between the 15th and
18th centuries; and (3) the expansion phase that can be dated between the 19th and 20th
centuries, a period during which landslide phenomena (in particular CS), despite having
largely shown signs of their activity, did not discourage urban development in areas at risk.

The second observation is that, in most cases, the consolidation works were designed
and carried out only after the landslide had occurred, thus highlighting the lack of resolute
institutional action aimed at preparing an organic plan to try to mitigate the hydrogeological
risk in “peacetime” (prior to paroxysmal phenomena). Furthermore, some superficial
infrastructure interventions were carried out by technicians and/or workers, such as the
construction of retaining walls at the end of the 19th century and a sports field on the
landslide body, which certainly contributed to the reactivation of the CS landslide in the
late 1950s. There was also no close convergence of actions between national and local bodies
to coordinate an organic plan for risk mitigation. Additionally, some of the preventive
actions were met with resistance by the inhabitants, who were reluctant to follow the
ordinances (e.g., closing of the tanks), thus making efforts to reduce risk somewhat useless.

All of this must be added to the lack of in-depth knowledge of the characteristics of
mass movements (particularly the CS landslide), such as the depth of the sliding surface.
These considerations can make us hypothesize that the settlement did not acquire resilience
over time but gradually lost it, thus facilitating the decision to transfer. As for the latter,
during the initial phase (mid-1960s), there was a divergence between the topographical
and geological requirements of the new site, favored by the municipal administration, and
the socioeconomic ones, claimed by the inhabitants. Therefore, the area initially selected
for the transfer was considered inadequate by some of the citizens who were worried about
the economic impact on their families. Later, the local government accommodated the
citizens’ needs and supported the transfer of Craco to two places at different distances from
the unstable village. This change in policy, certainly dictated by political opportunity, was
also conditioned by two socioeconomic ideas about the development of the area. The first
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idea was focused on a paradigm shift in the economic perspective of the inhabitants of
Craco to select a place (Peschiera) closer to a developing industrial area (areas of Pisticci
and Val Basento), while the second idea considered the historical rural disposition of the
inhabitants who emphatically rejected this paradigm shift and vigorously asked for a new
settlement closer to the location of the owned land. Obviously, the change in perspective
affected the timing and planning of the town transfer.

4.3. Gragnano Debris Flows (Naples District)

Gragnano, in the district of Naples, is almost entirely surrounded by carbonate reliefs
that form the first branches of Monti Lattari. This is a geologically unstable area because of
its pyroclastic deposits from millennial eruptions of nearby Vesuvius. Fast mudflows in
pyroclastites (or, better, volcaniclastic debris flows) from Mount Pendolo have occurred
in this area. In Italian, “pendolo” means “pendulum”; it is a toponym that, as has been
remarked, “says it all because of its swings once to Pimonte and again, but mostly, toward
Gragnano” (translated from Italian) [164].

On 21 January 1841, a debris flow from Mount Pendolo, at that time also known
as Mount Suppezza, devastated the crops, ruined some houses, and killed three people.
During the night, after two more victimless landslides, a catastrophic mudflow battered
“rione Trivoncello”, destroyed houses, and buried 103 people. Among them, only 6 were
taken out of the rubble alive, although 1 girl did not survive, so the overall number of
deaths was 101.

As is often the case with great catastrophes, especially very ancient ones, there is no
agreement on the figures; some sources at that time spoke instead of 113 victims. Despite
the limited geological knowledge available at the time—the reports and descriptions of
hydrogeological instabilities were provided by people other than geologists—at least one
contemporary author shows an indisputable awareness of the causes of the phenomenon.
Camillo Ranieri wrote that the mountains above Gragnano (Figure 10) are “of calcareous
spar mixed with calcium carbonate. The Vesuvius eruptions have blanketed them of
layers of lapilli [. . .]. The heavy rains, especially last January, saturated those soils and
lapilli that had abundantly accumulated on limestone rock, and because they could not
penetrate into the bowels of the mountain, all materials which blanketed them lost balance:
they fell precipitously down for both steepness of the mountain, and enormous weight in
comparison with volume, and, overcoming all obstacles, crashed many houses which were
unstable and not newly built” (translated from Italian) [165].
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Ranieri’s final reflections are based on strong pessimism regarding the geologic stabil-
ity of that area: “further rains could do repeat the disasters”, he wrote. This is a cautionary
tale that came about with awareness of the weakness of those slopes, an admonition that—
as often happens with the permanent loss of historical memory of previous disasters—was
unable to create widespread awareness, through collective consciousness, of avoiding,
especially in the following century, the anthropization of land with a high degree of risk.

It should be remembered, however, that not all historical sources agreed that the catas-
trophic event was a pyroclastic flow. Geological science still took a pioneering approach in
Southern Italy in the 19th century, thus, in an article published at the same time, another
architect [166] questioned this point of view. His argument was that the main cause of that
crash was determined to be some unspecified “electrical currents coming from the depths
of the mountain”; therefore, his conclusion was that there would be no risk in the future.

The catastrophic magnitude of that event could not but leave a mark, and in fact,
other writers, in the following decades, pieced together the event scenario [167–171]; at
the beginning of the next century, Roberto Almagià [60], the author of a famous treaty
on landslides in Italy, recalled that tragedy. However, all these publications and all these
witnesses were unable to settle, in the collective consciousness, awareness of the high-risk
level of that territory.

To confirm the high-risk level of that area, it should be noted that most of the his-
torical sources above, in addition to the event of 21 January 1841, mentioned a previous
episode, the debris flow of 20 January 1764, which destroyed “Rione Bagnulo” in the same
municipality, causing the death of 42 people.

More recently, similar events have been reported in scientific work, especially after a
similar phenomenon occurred in the neighboring Sarno in May 1998, killing 160 people.
The clamor after that disaster was an incentive for carrying out new research to provide
a complete picture of debris flows in Campania over the centuries [87,172–174]. These
new studies identified another event like what occurred at Mount Pendolo as long ago
as October 1540, in the locality of Congiaria. In contemporary times, further debris flows
occurred on 20 August 1935, on the east side of the village (contrada Tavernarola), and on
17 February 1963, destroying a farmhouse and burying four people.

Despite this centuries-old sequence of events, and despite the evident risk exposure,
the period that began after World War II, under the pressure of significant demographic
growth, appears to be characterized by a sort of collective removal of the problem. Grag-
nano’s urban development proceeded in a confused way: wild anthropization characterized
by new settlements, usually built with little attention to the geolithological balance of the
land. The most emblematic event occurred on 2 January 1971: Upstream of the hotel La
Selva, built a few years earlier in a zone exposed to landslide risk, an excavation was carried
out to build a house (Figure 11) [175]. After two days of torrential rain, a 7000 m3 mudflow
collapsed from the altered hillside and destroyed the hotel and four houses. Six people
died, and a wedding procession headed to the hotel was almost involved. But this was
not the final event: other mudflows, although much smaller, occurred, including one in
February 1987 on a highway and one on 11 January 1997, which destroyed a stable and
killed livestock.

4.4. The Memory of Earthquake-Induced Instability in Calitri

The backwards history can start from the last strong seismic event, which struck
Southern Italy on 23 November 1980 (Mw 6.9; Io = X MCS) (Figures 12 and 14). The
earthquake caused serious damage in almost 800 localities; a total of 75,000 houses were
destroyed, and 275,000 were severely damaged. About 3000 people were killed, and 10,000,
injured. Fifteen municipalities throughout the Avellino, Salerno, and Potenza provinces
were nearly totally destroyed with MCS/MSK level I ≥ IX intensity (Figure 12) [13].
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The effects on the natural environment were also devastating, including primary
effects such as superficial faults and secondary effects (sensu Michetti et al., 2007) [176]
such as landslides (200 were identified), fractures in the soil, hydrological variations, and
liquefaction phenomena [177,178].

Calitri, a small village with about 5000 inhabitants in the hinterland of Irpinia in
the southern Apennines (Campania region) suffered VIII MCS/MSK and ESI-07 level
damage [13,178,179], with six fatalities (Figure 14).

In addition to the damage to buildings, there were multiple environmental effects, such as
liquefaction phenomena, ground fractures, and significant gravitational phenomena [177,180,181].
Among the latter, particularly devastating was the extensive landslide movement, ap-
proximately 850 m long and about 100 m deep, classified as slump-earth flow, which
mobilized 23 million m3 of land, with destructive consequences for the houses in the
historic center [180,182–184].

Similar to what happened after the 1980 earthquake (Figure 13), the village had already
been affected in the past by sliding phenomena triggered by earthquakes that occurred in
1694, 1805, 1851, 1910, and 1930 in the southern Apennines [179,185,186].
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Figure 13. Calitri (Avellino province): effects of landslide in the historic center (Courtesy of the “Pro
Loco of Calitri”): (a) via Matteotti, parallel view of the niche of the landslide triggered by the 1980
earthquake; (b) via Matteotti, angular view of the tilting of the retaining wall due to the landslide
movement [187].
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Figure 14. Seismic microzonation map of Calitri drawn by Samuelli-Ferretti and Siro [180] for the PFG-
CNR immediately after the November 1980 earthquake. “ 1© very good foundation soils; 2© moderate
foundation soils; 3© bad foundation soils; 4© flat areas with increases in seismic coefficients” North
is up.

To understand the evolution of today’s landslides, we also need to study what hap-
pened in the past, particularly the landslides induced by past earthquakes. Essential to
the reconstruction of the process of landslides triggered by earthquakes is appropriately
choosing historical documentation contemporary to the seismic events examined. We
propose, as an example, significant extracts from original sources related to two strong
earthquakes in the southern Apennines: one on 8 September 1694 (epicentral area between
the Campania and Basilicata regions: Lat 40.862 Long 15.406) and one on 26 July 1805
(epicentral area in the Molise region: Lat 41.500 Long 14.474). Historical documents are of
fundamental importance because they highlight the level of damage not only in the center
but also in the surrounding territory, areas that over time could constitute expansion zones
to be kept under proper control before being used. After the earthquake of 1694, Calitri,
located in the epicenter, was almost completely destroyed, reaching X MCS, with the loss of
at least 311 people, as shown by the parish documents of the time (other historical sources
report between 700 and 1200 victims).

The earthquake also triggered a landslide phenomenon, which developed from the
top of the village, where a castle was located. The movement was characterized by “two
very large, very wide, deep openings” (translated from Italian), as an anonymous source
of the time described. “At 8. . . of the fallen September 1694 at about a quarter to 6 p.m.
of the Italian clock, . . . a frightful earthquake made itself felt, shaking the earth for the
space of a Creed. . . The village of Calitri, it is all destroyed, with the churches, houses, and
monasteries. The castle of Calitri, situated above a very large mountain in the manner of a
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fortress, with bridges, which opened on one side, and fell over the soil, which was below
them. . . In the castle of Calitri, in the two courtyards, two very large openings were made
very wide and deep, which make it a great surprise, calculated to be in this village perished
about 700 people” (translated from Italian) [188].

The second description refers to the 26 July 1805 earthquake, which mainly devas-
tated the Molise region (Io = XI MCS), with also considerable damage in the Campania
region [177,189]. Even though Calitri was located far away, more than 100 km from the
epicenter, it experienced the triggering of a large landslide movement, as reported by
naturalist physicist G. S. Poli [190]:

“In Calitri’s land. . . on the way to Castiglione, a large piece of land was turned upside
down, and in the act of trembling, flames were seen coming out of it. . . The trees, which
had been planted there, sank into the ground as a sign that now you can barely see the
tops; and a rustic pagliajo [pile of straw] was completely absorbed in it. The fracture then
occurred one mile away from the said land, starting from the Vallone de’ Monaci up to the
place called the Mountains, extending from East to West for the length of one mile, having
the width of five palms. Here, also the land has been furiously upset and undermined,
partly absorbed oak trees and almond trees and olive trees, and partly covered and buried
them in the same way, which can no longer be seen” (translated from Italian).

The history of Apennine villages such as Calitri is often very complex, since in addition
to the natural socioeconomic factors governing development, the role of natural hazards in
the territory must also be appropriately considered. In this case, not only hydrogeological
instability but also seismic phenomena have played a significant and in some cases even
predominant role, and together, they have caused severe damage in the urban context,
constrained development, and caused damage to the surrounding natural environment.

Hydrogeological upheaval and seismic hazards can, at times, merge. We must not
forget that earthquakes with sometimes very distant epicenters have triggered consider-
able landslides both within and outside urban centers, which are certainly not negligible
contributions to the modification of cultural heritage. Similarly to what happened after
the 1980 earthquake, the village of Calitri had already been affected by complex sliding
phenomena triggered by earthquakes that occurred in 1694, 1805, 1851, 1910, and 1930.

This is why, when planning the future development of villages, it is desirable to never
neglect the historical memory of what happened many centuries ago, which has been
passed on to us by detailed historical sources, chronicles, letters, etc. A reading of the recent
past can help us understand how much these phenomena have affected people’s capacity
for resilience and thus their attachment to the territory, even if not always under optimal
conditions. Therefore, historical information should represent a systematic approach to
obtaining a rich database for the overall assessment of the territorial risk of any technical
intervention. This is certainly an important approach, the results of which, in all their
complexity, should be provided by administrations to the population as a starting point for
responsible and knowledgeable territorial planning.

4.5. Debris Flows on Supita Alluvial Fan (Venaus—Turin)

There are hundreds of historical reports that describe mud–debris flows causing
casualties and damage in the alpine basins [93,191]. Often, the predisposing factors are
acclivity, debris cover, fractured bedrock, and the presence of unstable boulders along the
banks and slopes [192]. The case presented here represents one of many [193] in which the
elements of geomorphological and hydraulic risk are merged.

The catchment area of the Supita stream, the right tributary of the Cenischia stream
in the middle of the Susa Valley (municipality of Venaus, about 80 km west of Turin), has
an average slope of 62% and an area of 2.2 km2, and it develops for about 4.2 km, with an
altimetric excursion of over 1500 m between the closing point (720 m) and the highest peak
of the watershed ridge (2320 m) located in the northwestern end of the header watershed.

In the terminal section of the basin, the accumulation of debris with significant volume
can quickly reach the apex of the alluvial fan due to mud–debris flows [194,195]. The water-
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course near the inhabited center flows channeled up to the closing section at the confluence
with the Cenischia stream. The distal part of the large fan is blurred with the extensive
Cenischia alluvial plain. This includes other contributing factors that recurrently behave
similarly to those described and on which there has been detailed research [82,196–199].
The high level of anthropization in the distal and central sections of the Supita alluvial fan
obliterates the morphological evidence of torrential dynamics, except for the area close to
the apex.

In this area, it is still possible to recognize some secondary channels and elongated
lobed shapes parallel to the banks [200]. The “defensive” system is tied to the conformation
of the inhabited core, where dedicated spaces for the watercourse are extremely small and
undergo alternating mud–debris flows and avalanches [201].

Thanks to the cartographic and iconographic heritage (Figures 15–17), the historical
analysis made it possible to identify numerous previous events of debris flow and slope
instability that affected the territory of Venaus.
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Figure 15. Example of historical documents at historical archive of municipality of Venaus from 1714.
(a) Description and (b) detail of territory of Venaus and Supita, extracted from “Carte topographique
et militaire du mont Cenis 1821” [202] (last accessed on 25 January 2020). North is up.
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Figure 16. Growth of built-up areas in alluvial fan section of Supita stream: (a) aerial shot of terminal
sector of Supita stream and its alluvial fan in 1953 (Photographies aériennes de la France, Institut
national de l’information geographique et forestiere [203]; last accessed on 25 January 2020); (b) recent
image (Google Earth, 2022). North is up.
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Figure 17. Effects of May 1977 debris flow (photo: IRPI Archive): (a) images of area invaded by debris
transported along Supita stream on 29 May 2008; (b) aerial view of accumulation in alluvial fan [191].

The main paroxysmal geohydrological and morphological instability events docu-
mented for the Supita basin are listed in chronological form in Table 2. In addition to the
episodes of debris flow and torrential floods, there are those related to avalanche activity,
which historically occurred with high frequency. The SIVA catalogue and the Web GIS of
ARPA Piemonte report 11 avalanches that occurred between 1845 and 2020, only 6 of which
caused damage.

Table 2. Synthesis of mud–debris flows and avalanche events that caused damage in Supita basin.
For avalanches, see Web GIS of ARPA Piemonte [204] (last accessed on 20 January 2020). MDF,
mud–debris flow; TF, torrential flood; A, avalanche.

Date Event Description Source

20–21 May 1728 MDF
Due to heavy rain on 20 and 21 May, the Cenischia and Supita streams
and others transported a large quantity of land and demolished most

of the road and some houses, with loss of furniture

Atti delle visite di
corrosione per la

comunità di Venaus [200]

25 May 1836 MDF Clearance of boulder that fell on Moncenisio road in Supita region Historical Archive of
Venaus Municipality

15 January 1845 A Civil buildings buried, 6 casualties ARPA Piemonte Archive

18 January 1885 A Civil buildings damaged ARPA Piemonte Archive

April 1904 MDF Mass transport along Supita stream, with damage to national road
and Mont Cenis; flooded distant land [205]

March 1930 A Wooded area damaged; avalanche arrived nearly uphill of Case Costa ARPA Piemonte Archive

March 1934 A Avalanche dammed Moncenisio state road ARPA Piemonte Archive

13–14 June 1957 TF Torrential flood of Supita stream with intense solid contribution to fan,
damage to crossing and defense works [200]

19 May 1977 TF
Supita, powered by three landslides in late evening, partially flooded

land in the fan and part of Venaus also due to the undersizing of
bridge crossing river

[200]

15 October 2000 TF
Torrential flooding originated from the Supita stream; at a crossing,

outflow surmounted a municipal road; phenomenon also involved a
river crossing

[206]
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Table 2. Cont.

Date Event Description Source

29 May 2008 MDF

At around 7:00 am on 29 May, a significant process of mud–debris
flow occurred; after totally obstructing the State Road 25 bridge in

Moncenisio, the solid–liquid mixture invaded numerous buildings in
the historical center; Supita stream deposit was not contained by

retention basin recently built above

[191]

13 April 2008 A Mass interrupted one road ARPA Piemonte Archive

15 December 2018 A
Avalanche repeatedly hindered transit along main access road to Colle
del Moncenisio, destroyed an extensive area of wood, and stopped in

the canals about 200 m from some houses below
[195,207]

5. Discussion

The five cases presented in this paper cover the most widespread geological and
geomorphological phenomena in the Italian peninsula: floods, landslides, debris flows,
and earthquakes. All cases provide evidence showing how events that occurred repeatedly
in the same places over time were not appropriately considered in land use planning; we
could dramatically state that history has taught nothing.

Take, for example, the case of Canelli, a classic town located near a waterway on the
valley floor that has expanded over the decades despite recurring floods (average of one
flood every 24 years for the past 160 years) sending unmistakable signals about where
not to build. In addition, despite the damage caused by floods, the city administration
continued to shortsightedly grant building permits in areas that had been flooded. It always
relied on expensive river works that were carried out in post-flood months; unfortunately,
for citizens, such works always create an extremely dangerous false sense of security. In
Canelli, after the last very serious flood occurred in 1994, a water retention basin was
built upstream of the town, with an area of 39 hectares; it is expected to mitigate but
certainly not drastically reduce problems associated with future flooding. If the municipal
administration had practiced good urban planning over the decades, could the recent
floods, and particularly the 1994 flood, have caused less damage? In other words, if they
had not built new buildings in the areas closest to the Belbo riverbed and in the most
morphologically depressed areas, could much damage have been avoided? Historical
mapping and data from retrospective research were used to answer this simple question.
By superimposing the inundated area on the Belbo valley floor in November 1994 over the
oldest maps, it can be seen that it increased from 0.03 km2 hypothetically inundated in 1880
(20.35% of the total urbanized area) to 0.09 km2 in 1933 (40.35%), 0.25 km2 in 1966 (40.86%),
and up to 0.40 km2 in 1994 (39.86%) (Figure 18). Since the proportion remained practically
the same from 1933 to 1994, we can say that during this period of construction in Canelli,
almost every second building was located in a potentially flood-prone area, despite the
repeated severe flooding in the town during the same period.

Canelli is a typical small Italian town located on a valley floor where the acquisition of
pertinent riverine areas, not supported by adequate basic knowledge, has inevitably led
to the suffering from the effects of river activity, with consequences that are all the more
catastrophic the more they are unforeseen. While under ordinary conditions, hydraulic
defense works can guarantee a good level of safety, because they can control river processes
and limit their effects, it is primarily during extreme events that the rapidity and violence
of these processes often disrupt the implemented interventions, leaving the population
completely unprepared. A clear example of this is the catastrophic flood of November 1994
in the Canelli area.
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There have been erroneous land planning choices dictated by the local administrators’
need to acquire new land to be urbanized without ascertaining its hazards in advance,
despite the rich historical documentation available for such an assessment being evident.
Above all, they almost never turn to river geomorphologists, only to hydraulic engineers,
who have a softer and more tolerant approach to the problem of land loss. Particularly
surprising is the obstinacy and obtuseness of administrators who continue to build in
areas that were repeatedly flooded in the past, trusting in mitigation works, as well as
fate and in the welfare state. The proposed investigation methodology, applied to the
Canelli territory and adaptable to other territorial situations, is based on consultation of
historical documentation, consisting of bibliographic, cartographic, and archival material; it
represents a first basic approach to gathering the knowledge of areas exposed to flood risk
but should be integrated with geomorphological investigation and hydraulic verification for
a more precise delimitation of areas that could be flooded following a reference flood [208].

Also interesting is the case of Craco, in Basilicata. From a methodological point of view,
two main deductions can be made from this case study. First, the results of the research
underline the importance of extensive, in-depth, cross-correlated historical investigation.
This is useful to identify both the sequence of occurrence of landslides, and their effects on
the built environment and the actions implemented by institutions. In this case, examining
historical sources helped to show the weaknesses in the management of the risk chain. In
this view, a retrospective analysis can be useful to identify possible actions to be taken to
increase the resilience of small settlements and improve the decisions regarding their fate
(transfer or in situ reconstruction) in case of disasters triggered by natural hazards.

Regarding risk management, the study highlights the need for close synergy between
central and local institutions. Furthermore, the research suggests actively involving the
population by making people aware of territorial risks and stimulating the use of adapta-
tion strategies. Regarding post-event management and the possible transfer of inhabited
areas subject to natural hazard risk, conducting an in-depth socioeconomic analysis of the
territory is essential, as well as considering the old, hazard-affected settlements as places
where the identity of local communities is strongly rooted. Furthermore, there should
be an emphasis on the valorization and rehabilitation of “ghost towns” throughout Italy.
In-depth studies would increase our knowledge of such places, as a preliminary phase in
their valorization. In fact, Craco, along with other towns abandoned after extreme natural
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events, can be considered an open-air laboratory through which the population, especially
young generations, can be informed about natural and geological risks of the territory in
which they live.

As for Gragnano, historical research has shown the occurrence of numerous landslide
events since ancient times. The pyroclastic coverings deposited on the surrounding moun-
tains as a result of the eruptions of nearby Vesuvius have always made the area particularly
fragile. Rapid flows of loose pyroclastites, which are often triggered by violent rainfall
events, are widespread throughout the vast area surrounding Vesuvius. The inhabitants of
that area remember what happened in nearby Sarno, where, on 5 May 1995, several debris
flows caused enormous devastation and the death of more than 160 people. In the Grag-
nano area, the first known events of this type date back to 1540, and the first catastrophic
event was in 1764, when 42 people died. A much more serious event occurred on 21 January
1841, when several landslides killed over 100 people. It should be remembered that these
events, although very serious, occurred in a territory that was still scarcely anthropized.
The scarce historical memory of what happened, the rapid economic development of that
area (Gragnano is world-famous for its numerous pasta factories), and a lack of territorial
planning along with a marked increase in population have greatly increased the level of
risk. In the decades that followed, further disastrous events occurred, the most significant
of which was a landslide in 1971, which destroyed a hotel and killed six people.

Aspects similar to those of Canelli can be considered for Gragnano. Despite the high
level of hazard in the area and despite the numerous catastrophic events that have occurred
there, safety measures have been sporadic and often ineffective. The loss of historical
memory became evident in the second half of the 20th century, when under the impetus of
economic growth (Gragnano became world-famous for its pasta production), the extensive
use of cement was not compatible with the landslide risk to which it was subjected. Unlike
the situation in Canelli, in Gragnano, it is not only a matter of wrong urban planning
choices but also an almost total absence of planning: houses, workshops, and industrial
sheds are being built illegally. The widespread illegality has been only partially remedied in
recent years with the demolition of a few unauthorized buildings by the police. In addition,
at least until recent years, no hazard map of the municipal territory has been drawn up;
no warning system has been created based on the identification of rain thresholds; no
channeling and drainage systems have been built, nor structures to reduce the speed
of water.

The history of Apennine villages such as Calitri (Avellino province) may seem even
more complex, since in addition to the natural socioeconomic factors governing develop-
ment, the role of natural hazards within the territory must also be appropriately considered.
In this case, not only the geohydrological processes but also seismic phenomena have
played a significant and in some cases a predominant role, and together, they have caused
severe damage in the urban context, constrained development, and affected the surround-
ing natural environment.

Geohydrological processes and seismic phenomena can, at times, merge. We must not
forget that earthquakes with sometimes very distant epicenters have triggered consider-
able landslides both within and outside urban centers, which are certainly not negligible
contributions to the modification of cultural heritage. Like what happened following the
1980 earthquake, the village of Calitri had already been historically affected by complex
sliding phenomena triggered by earthquakes in 1694, 1805, 1851, 1910, and 1930.

This is why, when planning the future development of villages, it is desirable to never
neglect the historical memory of what happened many centuries ago, which has been
passed on to us in the form of detailed records, chronicles, letters, etc.

A reading of the recent past helps us to understand how much these phenomena
have affected people’s capacity for resilience and thus their attachment to the territory,
even if not always under optimal conditions. Therefore, examining historical informa-
tion should represent a systematic approach to obtaining a rich database for the overall
assessment of territorial risk for any technical intervention. This is certainly an important
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approach, the results of which, in all their complexity, should be provided by administra-
tions to the population, as a starting point for responsible and knowledgeable territorial
planning choices.

Finally, there is Venaus, in the Cenischia valley (Turin province), a municipality
affected by debris flows from the stream that crosses it. The historical research on the
Supita stream documents how the paroxysms of avalanche and debris flow connected to
the periodic processes described lead to the accumulation of stone and vegetal material
in the riverbed, which is constantly available for further debris flows and facilitates mass
transport to inhabited areas in conjunction with intense thunderstorms.

As happened in May 2008, a debris flow event can jeopardize the homes, bridges,
and roads along the active canal, despite any costly interventions having been carried
out. Some critical points remain, essentially regarding the active bed in the fan and the
possible reactivation of the secondary channels located at the apex of the fan, according to
the scenarios that have already partially materialized in previous cases and to the crossing
works that must be able to guarantee the outflow of solid–liquid mixtures. Added to this
is periodic forest depletion threatened by avalanches and extensive fires (such as what
occurred in October 2017).

Despite the damaging effects on the buildings of Venaus described based on rich
historical information, the small town has been resilient over the centuries, having adopted
mitigation strategies with a considerable outlay of resources. Despite the recurrence of
debris flows and floods in the past, the experience of Venaus and the testimonies collected
during CNR-IRPI’s research revealed that the basis for the lack of the perception of risk
(not only geohydrological but also avalanche risk) among the resident population was
a substantial loss of collective memory and a sort of refusal, highlighting the need for
interventions aimed at disseminating basic knowledge and encouraging behavior appro-
priate to the specific vulnerability of an area. Institutions also failed to fully assess the risk
inherent in urban transformation and to apply firm intervention measures in the territory,
in terms of both post-event reconstruction and urban planning. Different communication
and planning practices are necessary to face and mitigate possible and foreseeable risks
connected to paroxysmal events. The contribution of technicians, coherently adapted to dis-
semination, can be central in the implementation of these processes, to avoid the frequent
cases in which risk is often denied or not considered, also because of the consequences that
effective awareness would entail for the development of projects with a strong impact that
is certainly economic but also environmental.

6. Conclusions and Perspectives

The historical approach appears to be indispensable from a cognitive perspective for
more targeted forecasting, prevention, and risk mitigation activities. These actions are
intended to safeguard collective and individual assets as well as public safety in case of
risk associated with the occurrence of natural events. In addition to the need to pass on the
written memory of such events in an appropriately elaborated form, the most important
concept that has guided the main activities of various bodies that deal with territorial issues
over the past 50 years is that exogenous and endogenous phenomena are likely to repeat
in space (very often in the same places) and over time (according to extremely variable
intervals of recurrence) in ways similar to those previously seen.

It is evident that collecting historical data to understand natural processes allows
us to considerably improve the cognitive framework developed with typical geological–
geomorphological analysis, the main product of which is the mapping of instability, and it
certainly better defines some fundamental aspects of territorial hazard and vulnerability
assessments aimed at mitigating risks.

Emphasizing the usefulness of the historical approach certainly does not imply under-
estimating the importance of other types of research of a more distinctly methodological
or applicative nature in the vast range of disciplines concerning protection from natural
risks; it does mean that retrieving historical data should be considered an indispensable
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phase of assessing territorial hazard within a wider methodological approach that includes
integration and dialogue among multiple disciplines. However, along with specific compe-
tencies and experiences, the recovery and use of historical memory require a considerable
commitment of time, which is not always rewarded by fruitful results. The need to have
updated databases that are accessible not only to the entire scientific community but also to
institutions and technical professions is, therefore, evident.

In recent years, the importance of using historical studies in land use planning has
also been emphasized at the regulatory level. In particular, in the assessment of possible
flood risk scenarios, it has become indispensable to provide descriptions of past floods
that had significant adverse effects on human health, the environment, cultural heritage,
and economic activities and that, with high probability, could recur in the future in a
similar manner, including the extent of flooding and water flow paths, and the adverse
consequences (Art. 4, paragraph 2b of European Directive No. 60/EC issued in 2007,
implemented in Italy by Legislative Decree No. 49 issued in 2010). Good examples of the
need for planning studies to include information on historical research of past events can
also be found in Circular No. 7LAP (1999) of the Piedmont Region (Northern Italy).

In this lengthy paper, the experiences of the authors, who have been using historical
data for decades to deal with land instability problems and geological hazards, have been
condensed. Italy is unfortunately a peninsula where endogenous and exogenous processes
are widespread. Five cases in different areas of the peninsula are presented; for each one, it
is amply described how the use of historical data proved to be helpful in the prediction
and prevention of instability phenomena.

The historical sources, as extensively described, are mainly preserved in public and
private archives. As far as public archives (which make up almost the entirety of those
normally consulted) are concerned, it must be emphasized that the state archives are for
the most part ordered and indexed. For the archives of individual Italian municipalities,
the situation is quite different. The general impression of technicians who rely on them
(geologists, engineers, etc.) is that municipal archives are still considered cumbersome and
useless by most local administrations. This is why, except in a few municipalities, folders
are usually piled up, or in the attic or basement of the town hall, in a dusty, humid room
without adequate ventilation, and even more problematically for a scholar, the materials
are not inventoried. In this context, digitizing the data seems ideal, which, considering
the size and historical importance of the documents, should be the responsibility of each
Italian municipality. Such cataloguing would also allow for more rapid and in-depth
searches, not only for the aspects covered in this work but also for economic, sociological,
and legislative studies, and obviously, it would be very useful for purely bureaucratic,
administrative issues.

The hope of all those who work in this field is that the Italian state values historical
data, imposing rules and constraints on municipalities to safeguard and use such heritage
of inestimable historical and social value for the benefit of the community, contributing to
mitigate risks and shape safer cities of tomorrow.
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Abbreviation

Word shortening for archive sources (shown in the References in full Italic): ARB—SPIX (Archivio
Regione Basilicata—Basilicata Region Archive—c/o Spix); B. (Busta—Portfolio); s.l. (Senza indi-
cazione del luogo—Without indication of place); s.d. (Senza indicazione della data—Without date in-
dication); ASDPC (Archivio Storico Dipartimento della Protezione Civile—Historical Archive of Civil
Protection Department), MM.LL.PP. (Ministero dei Lavori Pubblici, Ministry of Public Works), Div.
(Divisione—Division), C. (Consolidamenti—Consolidation works), B. (Busta—Portfolio), SNB (Senza
Numero Busta—Without portfolio number); ASPZ (Archivio di Stato di Potenza—State Archive of
Potenza), CC (Commissariato Civile—Civil Commission), FP (Fondo Prefettura—Prefecture Docu-
ments), S2 (Serie 2), Cat. (Categoria—Category), B. (Busta—Portfolio), F. (Fascicolo—File), s.l. (Senza
indicazione del luogo—Without indication of place); s.d. (Senza indicazione della data—Without
date indication). ACC (Archivio del Comune di Canelli—Canelli Municipality Archive).
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