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Abstract: This paper demonstrates how historical research is a valuable tool for identifying past
geological, geomorphological and climatic hazards and therefore critical for mitigating and reducing
future risk. The authors describe the potential of a scientific field that straddles that of the geologist,
geographer, historian and archivist. Historical records include a range of materials and sources of
information, which can be very diverse; from written documents to cartographies, and from drawings
to marble tombstones. They are all useful and convey important data, on the date of the event, the
size of the phenomena, sometimes on ground effects, damage or magnitude. The authors discuss
how to conduct historical research by providing a list of locations and how important historical
documents can be found. Works that mention geological phenomena are listed, starting with the
first occasional descriptions by individuals in letters, up to very specific publications in individual
fields of interest. With this introduction, the editors of the Special Issue wish to draw attention to the
importance of historical documentation, which is too often ignored or considered of low priority by
the scientific community, but can contain key information on events, their impacts and social and
cultural adaptations.

Keywords: geological and geo-hydrological processes; historical research; old documents; land-use
planning; natural hazards; risk mitigation; Europe

1. Introduction

Every year, many areas of the world are affected by natural phenomena. Endogenous
and exogenous processes threaten human life by posing a persistent danger that can
become a disaster when they affect inhabited areas. The effects of the disaster may be
immediate and localised, but are often widespread and may last for a long period of
time. The effects may test or exceed the ability of a community or society to cope with
its own resources, and therefore may require assistance from external sources, including
neighbouring jurisdictions or those at the national or international level [1].
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In the last century, over 15,000 disasters occurred worldwide, causing damage to
human activities (EM-DAT, CRED, www.emdat.be) [2] with a global increase of disaster
frequency and severity over time (WMO, 2021) [3]. This increase results from the growth
of the global population and the increased occupation of areas exposed to risks such as
flood plains and coastal areas; other factors responsible for the increase in the frequency of
disasters are related to the vulnerability of structures and infrastructures, the ineffectiveness
of mitigation actions and possibly climate change [4,5].

The global population has increased from 1 billion in 1800 to the current 7.7 billion [6],
and as such has placed greater pressure on resources and increased community exposure
to hazards. As the pressure on spaces and resources increases, the growing population
expands into areas that have not yet been occupied due to being deemed suboptimal for
a variety of reasons, including poor/difficult accessibility or their exposure to hazards.
In Italy, for example, the paradox emerges of having a low population growth rate but
the highest land consumption rate in Europe [7], with illegal buildings being particularly
widespread [8]. The coexistence of humans with natural hazards is challenging and is likely
to increase over time as a result of diminishing new spaces.

2. Historical Research as a Tool to Mitigate and Reduce Geological, Geomorphological
and Climatic Risks

Natural instability phenomena and their manifestations have long threatened hu-
man life [9–14]. Volcanic eruptions, earthquakes, landslides and floods and other natural
processes are capable of causing casualties and serious economic losses.

Research on natural hazards has two main challenges. The first is directed towards
the future projection of extreme events and their modelling; the primary concern in this
dimension is the great uncertainty caused by human-induced climate change. The second
challenge is the past and how we identify and analyse events of low frequency, which are
therefore by definition rare and whose presence in the modern instrumental period is often
infrequent or non-existent. To address this, we can use historic or palaeodata of different
origins to reconstruct the characteristics and frequency patterns of past events.

Recent technological developments have facilitated new ways of observing the Earth
and monitoring different processes; for example, surveys undertaken with laser scan-
ners, both terrestrial and aerial, can filter vegetation or avoid obstacles that enable three-
dimensional maps with errors of less than a centimetre or a few millimetres [15,16]. With
satellite techniques and the numerous UAV (unmanned aerial vehicle) techniques [17], it
is possible to cover much larger areas with a high resolution [18,19] and in an infinitely
shorter time compared to surveys performed exclusively through direct observations in the
field [20].

A considerable contribution comes from Information and Communication Technology
(ICT), which has made progress in the field of cartographic representation [21].The data
are managed by geo-information services [22] which document and provide updated
cartography, enabling the evolution of the Earth’s surface and therefore allowing the
dynamics of the soil morphology, elements of geo-hydrological instability and change,
vegetation cover change, introduction of infrastructures and distribution of waters to be
analysed. The scientific community uses the most sophisticated technologies to predict
and prevent endogenous and exogenous processes [23,24]; in the future, projections will
certainly achieve better management of the territory and therefore a reduction of the
harmful consequences. This will make it possible to direct resources to where they are
most needed.

Analysis of historical sources to improve understanding of past frequency, magnitudes
and/or intensities and their consequences on humans has recently seen an increased recogni-
tion of the value of historical (non-continuous) information. Historical sources can provide
important insights into the frequency of events, in particular for rare events; these sporadic
cases offer considerable opportunities to improve our understanding of low-frequency and
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high-magnitude events, enabling improved knowledge for the prediction, management
and/or prevention of geophysical, meteorological or geo-hydrological processes.

Sources of information can be primary and secondary. Primary sources are preferred;
they consist of direct and coeval traces of a human presence or activity related to the
subject of the study (hazards in our case). On the other hand, secondary sources are those
works compiled by subsequent works, either compiling previously recorded materials, or
accounts that document events sometime after, often by individuals that did not witness
the event directly.

The documents of our predecessors can be found in many different forms, including
paper documents, books (Figure 1), newspaper articles, cartographies, photographs and
many more [25–39]. Some sources are specific to particular types of hazards, such as
weather diaries being specific to meteorological hazards [40].
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Figure 1. This book by Michele Sarconi (1784) was one of the first published in Italy to deal with
landslides due to the terrible sequence of earthquakes that occurred in southern Italy in 1783 [41].

Paper documents are clearly the most numerous; geological and geomorphological
phenomena have always stimulated the curiosity of scientists who have tried to describe
what they witnessed or to transcribe the testimonies of those who had experienced the
phenomena. Newspaper articles are of great help as they are often written shortly after the
event and can provide high levels of information; they are often not too technical, but very
importantly can record the hazard’s development over time, the manner of the processes,
the damage and human responses.

For example, the first land registers of the eighteenth century in northern Italy, of a
geometric parcel type, constituted a real fiscal instrument which recorded the cognitive
characteristics of the State territory from an administrative, political–economic and military
point of view. In France, the first general maps of the territory using a measuring apparatus
were made by the Cassini family during the 18th century at 1:86,400 scale [42]. These
maps were a technical innovation because they were the first maps based on geodetic
triangulation. It took more than 50 years to complete them. The 19th century was the
century of systematic topographic surveys (Figure 2). This intense activity was mainly
due to the need for the so-called “military revolution”, which increased the need for
information as the scale of wars widened. Several National Geographic Institutes arose
in France, England, Prussia, the United States of America and Austria. For example,
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reliable maps (75% of them in colour) were carefully produced by cartographers following
Napoleon Bonaparte’s army in the early decades of the 19th century [43].
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Figure 2. Po River. Table X, called Mortizza (Piacenza province). Map of the River Po, from Ticino to
the sea (from direct surveys carried out in 1821 and updated in 1853), at a scale of 1:15,000 by Corpo
Reale del Genio Civile. Archive CNR IRPI Turin.

With the passage of time, maps have become more precise and feature increasingly de-
tailed scales, up to the present day, where anyone can access Google Earth or other geographic
databases from their personal computer to admire the small details of any place on Earth, or
even other planets (https://www.google.com/mars/, last accessed on 30 June 2023).

Cartography is often helpful when indicating toponyms of areas that were affected by
natural instability processes in the past. This is how we include places such as “Alluvioni
Cambiò” namely “Changed by Floods” (Piedmont-Italy) or the place “Landslide Lake”
(Comox-Strathcona D., British Columbia, Canada) or the town of “Floodwood” (Minnesota,
USA) [44,45].

Another great contribution of historical sources is photographic heritage. In the course
of history, photography has proved to be an indispensable tool in the documentation
of territory and in the study of its transformations [46]. Landscape photography was
delivering something that only painting was capable of doing until that time—rendering
reality in a two-dimensional format. For photographic heritage, we must not only consider
those consisting of images taken on the countryside level [47], which started from around
1830–1840, but also aerial photographs. The first images taken with the aim of representing
the Earth’s surface were made by hot air balloons in the mid-nineteenth century [48], and
then from planes in later years, with increasingly sophisticated instruments that allowed
faithful reproduction of the territory [49].

But historical information is not just paper or digital: it can also be traced on the
ground. Sometimes, in fact, catastrophic events that caused casualties or damages are
remembered through paintings or the billsticking of marble plaques or tombstones, or
via the construction of votive chapels or marble memorial stones [50]. Plaques, tomb-
stones, epigraphs and monuments constitute a great heritage of “historical memory” for
a community (Figures 3 and 4): they help not to forget tragedies and can foster better
land-use planning.

https://www.google.com/mars/
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Darfo Boario Terme (Brescia-Italy): On the perimeter wall of the apse of the Montecchio church this 
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was not a flood of the River Oglio, but a torrential debris flow of the T. Rovinazza, a dangerous left-
hand tributary (photo F. Luino); (d) The site of one of the largest landslides in Canadian history. On 
the morning of 9 January 1965, a minor earthquake caused this landslide, which displaced Outram 
Lake and destroyed three kilometres of the Hope-Princeton Highway. The landslide consisted of 
more than 46 million m3 from the side of Johnson Peak. The rubble is 70 m deep in some places. The 
new highway is about 55 m above the original ground level and somewhat south of its original path. 
Four people were killed, but only two bodies were ever found. Source: https://www.komoot.com/it-
it/highlight/912190. 

These “stones” are and remain testimonies of mournful dates and severe events for a 
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Figure 3. (a) Passau (Germany): Danube flood levels on the old Town Hall (courtesy of Luke M
McLean); (b) Florence: entrance to the “Cappella dei Pazzi” with three marble plaques indicating
the heights reached by the waters during three major floods of the Arno River (photo F. Luino);
(c) Darfo Boario Terme (Brescia-Italy): On the perimeter wall of the apse of the Montecchio church
this plaque is visible, with a Latin inscription, concerning the ‘ruin’ that struck Montecchio in
1475. It was not a flood of the River Oglio, but a torrential debris flow of the T. Rovinazza, a
dangerous left-hand tributary (photo F. Luino); (d) The site of one of the largest landslides in
Canadian history. On the morning of 9 January 1965, a minor earthquake caused this landslide,
which displaced Outram Lake and destroyed three kilometres of the Hope-Princeton Highway. The
landslide consisted of more than 46 million m3 from the side of Johnson Peak. The rubble is 70 m
deep in some places. The new highway is about 55 m above the original ground level and somewhat
south of its original path. Four people were killed, but only two bodies were ever found. Source:
https://www.komoot.com/it-it/highlight/912190 (accessed on 30 May 2023).

https://www.komoot.com/it-it/highlight/912190
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fered by the urban fabric (from residential buildings to cultural heritage) and infrastruc-
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Figure 4. Sesto Calende (Varese-Italy). Image of the famous marble plaque, located in Piazza De
Cristoforis, on which are indicated the maximum heights reached by the waters of Lake Maggiore
from 1705 until 1981. More recently, the levels reached by the great floods of 1993 and 2000 have
been added, but they are not engraved in the marble like the previous ones, but only written with a
felt-tip pen.

These “stones” are and remain testimonies of mournful dates and severe events for
a community, educating and reminding future generations. They can be found across all
continents except Antarctica. Some of them, unfortunately, have been lost, while others now
worn out by time are seriously ruined or have become illegible. The first great difficulty
is perhaps in knowing where they can be found, with few being documented centrally.
As such, they need to be found or located, often through visiting sites or talking to those
familiar with local histories.

The exceptional heritage that experts of the past have handed down to us, therefore, is
always of great importance: it constitutes “zero time” and therefore allows comparisons
that otherwise could not be made. The historical data, therefore, prove to be of great help
to better understand the evolution of a particular territory and therefore for a mitigation
of geological, geomorphological and hydrological risk. Many inhabited centres all over
the world, repeatedly involved in endogenous and exogenous processes in the past, have
continued to expand, often in the same areas where there have been serious events that
have caused damage and victims, without taking due account of previous teachings [51].
This occurred mainly because of the loss of “historical memory”, which in turn favoured a
lack of adequate territorial planning for decades; therefore, urban expansion took place,
which has often resulted in an inevitable proliferation of risk.

The growth in the use of historical materials across disciplines and cross-disciplinary
studies [38] has been fostered by a greater appreciation of the value that such sources offer.
Interpretation of historical sources sometimes makes it possible to translate information in
qualitative and quantitative terms, both the physical process of the natural hazard and the
directly associated risks [29].

But a focus on the event in terms of temporal evolution of the phenomenon, evaluation
of recurrence times, effects on the environment and epidemiological studies on the popula-
tion (dead and injured) can also be considered without forgetting the damage suffered by
the urban fabric (from residential buildings to cultural heritage) and infrastructure. Such
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information is valuable in understanding short-, medium- and long-term risk, and it can
provide valuable knowledge for risk mitigation and for prevention in affected areas [52–58].

The use of historically rooted information does not mean to underestimate the importance
of other types of investigations, of a more distinctly methodological or applicative nature, in
the vast field of disciplines concerning protection from natural hazards. However it is suitable
to underline the usefulness of scholars’ systematic collection of published and unpublished
sources, which are still largely scattered in many places and often poorly preserved.

In addition to the conscious need to hand down written memory of such information
in an appropriately elaborated form, the cardinal concept that guides scholars who consider
historical data as valuable sources of information is the awareness that exogenous and
endogenous phenomena are likely to repeat in space (very often in the same places) and
time (according to extremely variable intervals of recurrence), with phenomenological
features similar to those that occurred in the past.

The criteria for cataloguing past sources are almost exclusively designed according
to questions that are very different from those a geologist/hydrologist/geomorphologist
or risk assessor would usually ask. However, despite the initial difficulties, once one has
acquired a basic knowledge, it is possible to become familiar with the investigation method
also in relationship with the research questions about the natural phenomenon (“where,
when, how and what”).

There are many countries in the world with an extensive historical record. The nature
and evolution of historical document use varies in and across countries and continents,
dependent on the range of written sources available. While some specific types of source
materials are typical to a region or country, others are more ubiquitous and widely recorded,
e.g., tax returns, epigraphic flood marks and so-called “Hunger stones” (Figure 5) [59].
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Figure 5. “Hunger stone” with several inscriptions discovered on one of the banks of the Elbe River
in Decin, northern Czech Republic, photographed in August 2018. Between the 15th and 19th century,
the extremely low water levels of the river were engraved, along with some warnings about the
consequences of drought. One engraving reads “Wenn Du michsiehst, dannweine” (“’If you see
me, weep”).

The possibility of extending one’s research over time, sometimes for centuries, depends
on many factors, including the period when the recording of documents began, the way in
which archival material is preserved and, of course, the possibilities for scholars to use it.

The following sections provide a brief review of source materials in different coun-
tries and how these have been considered and used in understanding, forecasting and
preventing risks.
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3. Italy

The first documentary archives that are usually consulted in Italy are the State Archives.
These are present in each provincial capital city (and not only these), with a total of
about 100 offices located throughout the country. State Archives perform the functions
of protection and valorisation of archival assets, ensuring their public use, as well as
the role of protecting the archives, including current and past State materials [60]. They
contain an exceptional range of documentary heritage, i.e., the archives of the central and
peripheral administrations of the pre-unification states and the archives of the peripheral
administrations of the unitary state, converge (or should converge) once 30 years have
elapsed since recording. Leafing through the thick folds containing interesting documents,
one can find manuscripts, sometimes difficult to understand (the presence of an archivist
with knowledge of palaeography can certainly help), technical reports, chronicles of natural
phenomena and related events, sometimes accompanied by cartographies (Figure 6).

Technical reports were compiled by different figures: surveyors of the time, but also
architects or engineers, who went to affected areas, described the events, produced maps
and drawings, undertook measurements and sometimes described the countermeasures
to be taken. When considering floods, for example, land surveyors measured the surface
of the flooded lands that had become unproductive, sometimes also giving indications on
the thickness of the deposited material, changes to the riverbed or damages suffered in
the territory.

Another precious and widely used original source are those preserved at the Central
State Archives in Rome, which constitute the archival institution gathering the documentary
memory of the unitary State (1861). The Ministry of Cultural Heritage is responsible for
these heritage activities and for tourism. In particular, the Central State Archive preserves
archives and documents, on different typologies, of the central organs of the unitary State
and of public bodies of national importance and of private individuals that the State has
in property. The Institute makes use of an IT platform that allows targeted searches to be
made, through proper keywords, following the traditional hierarchical path of exploration
of archival funds (https://acs.cultura.gov.it/ (accessed on 30 May 2023)) [61].
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Figure 6. State Archive of Campobasso: document drawn in 1906 concerning a landslide that occurred
in Rocchetta al Volturno (ASCb, Genio Civile, II, b. 816) [62]. Above the painting, the inscription
reads “landslide that damaged the village” (translated from Italian). In orange are the damaged
houses; in green, the wooded area [63].

https://acs.cultura.gov.it/
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Municipal historical archives offer another possible rich and capillary collection of
information; in some cases, they are well preserved (Figure 7a), but others, unfortunately,
are in a poor state (Figure 7b). Often, the material does not have an inventory and can
therefore not be easily consulted. This usually requires a great expense of time.
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Figure 7. (a) Municipal archive of Alba (Cuneo province). A very rich, well-organised archive with
the opportunity to find documents by database. The re-organisation took place in recent years with
the help of a professional archivist (photo F. Luino); (b) municipal archive of Cividate Camuno
(Brescia province). The documents are stored in an attic and contained in folders; the microclimatic
conditions, freezing cold in winter, high relative humidity in rainy periods and torrid in summer,
contrast with the requirements for proper conservation of documentation (photo F. Luino).

In Italy, the archiving of documents in the nineteenth century took place through
subdivision by subjects and criteria that varied from state to state. Archival cataloguing
often took place for subjects that were not unambiguously identified. After the unification
of Italy in 1861, a revision began that led to a circular of the Ministry of the Interior
in 1897. The “legislative criterion” was introduced which standardized the methodology
followed for archiving documents produced by municipalities [64]. It included 15 categories
divided into classes defined by topic. The focus of research relating to natural hazards
is usually concentrated in the two categories X and XV, “Public Works” and “Public
Safety”, respectively.

It is also advisable to devote some time to the parish archives, especially if the town has
in the past been affected by an event that resulted in casualties; in particular, earthquakes,
landslides or debris flows, as occurred in Gromo (Bergamo province) in 1666 [65]. The
documentation kept in the parish archives is an almost unique and exclusive source for
the history of the church itself, but also for the knowledge of the history of small urban
and rural agglomerations spread throughout the country and their populations. Finally,
we should not underestimate the possibility of also collecting information from private
archives of individuals, families, associations, bodies or private companies. A particularly
catastrophic event, precisely for the consequences it entails, leaves numerous traces among
all the subjects that lived it.

Civic libraries are another particularly rich repository for finding local materials, es-
pecially those of the great cities, specifically those materials recording local history. These
include books, journals and articles that describe the town and its territory from a geograph-
ical and historical point of view, sometimes also from an architectural and/or urbanistic
standpoint. However, they take on great importance when they contain information con-
cerning past calamities that occurred in the municipal area (floods, landslides, earthquakes,
volcanic eruptions, fires, famines, plague, etc.). In civic libraries, one can also find rich news-
paper libraries (in paper or microfilm) and precious collections of historical photographs
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(sometimes already scanned) which can assist the researcher in locating the occurrence of a
natural hazard both in space and time.

4. Germany

The situation in Germany is similar to that described in Italy. The official state and
regional archives and libraries are the first port of call in historical analysis due to the strong
role of the “Bundesländer” and historical territorial fragmentation, with over 50 state and
provincial archives. Since the beginning of the 19th century, the MGH (Monumenta Ger-
maniae Historiae) [66] editions have been a central source of medieval history, containing
numerous references to earthquakes, volcanic eruptions, climatic extremes, etc., which,
contrary to what the name suggests, also covers Western and parts of Southern Europe.

The digitised holdings of the Monumenta Germaniae Historica MGH (www.dmgh.de
(accessed on 30 May 2023)) [66] are an example of new forms of access, or those of the
Freiburger Zeitung (https://www.ub.uni-freiburg.de/recherche/digitale-bibliothek/freiburger-
historische-bestaende/freiburger-zeitung (accessed on 30 May 2023)) [67]. Comprehensive
image galleries of flood marks and many other digitised materials are also available on-
line. In addition to these digitization projects, there are new forms of digital portals and
virtual research environments such as https://tambora.org (accessed on 30 May 2023) [68],
in which environmental and climate-related information is held, evaluated, coded and
indexed, with information and sources published using the DOI standard. In this way, the
processing of sources can be comprehensively mapped, while complying with international
standards such as copyrights [69]. With regard to landslides, Damm and Klose [70] present
their concept of a national landslide database for Germany, which mainly includes events
of the last 200 years, though the oldest of the 4200 catalogued landslides dates back to the
12th century. The authors conclude that historical archives make up only 10% of the data
and that the quality of these reports allows an estimation of the location and date of events.
They further state that “the level of accuracy required in data analysis usually became
available since the mid-19th century”. Although landslides are frequent in Germany and
sinkholes occur in geologically favourable areas as well, they are not the major concern
when it comes to loss of lives and costs due to natural hazards [71].

Floods constitute the main environmental hazard in Germany. The deadliest events
were storm surges at the North Sea, records of which date back to the 13th century. In 1219,
tens of thousands of people died in the “Grote Mandranke” or “Erste Marcellusflut”, which
was witnessed by the Frisian abbot and chronicler Emo von Wittewierum. Other extremely
deadly storm surges happened in the 14th and 17th centuries. Dramatic changes to the coastal
environment are not only proven by historical sources [72], but also by environmental and
sedimentological data [73,74]. Rivers are the second-largest source of flooding hazards in
Germany. Historical reports on the River Rhine date back to ~800 AD, with the impact of
floods on cities and their populations well documented in archives [75,76], and have enabled
the reconstruction of environmental parameters [77–80].

With regard to earthquakes, although its intraplate setting spares Germany from very
strong earthquakes, the country has been repeatedly hit by damaging events. Understand-
ably, earthquakes caught the attention of people throughout the centuries and reports on
events regularly made it into the newspapers. The first earthquake catalogues for Germany
were compiled as early as in the 16th century. Grünthal [81] summarizes “The history of
historical earthquake research in Germany” in his study of the same title; he notes that the
catalogue of Lycosthène [82] dating back to 1557 (Figure 8) was “one of the most popular of
those compilations” and contained close to 200 events. In the 19th century, von Hoff [83,84]
published important catalogues of worldwide earthquake data. Perhaps the most famous
catalogues are those produced by Sieberg [85] and Sponheuer [86], who “both rely to a
certain extent on the monumental work by Lersch” [81,87].

www.dmgh.de
https://www.ub.uni-freiburg.de/recherche/digitale-bibliothek/freiburger-historische-bestaende/freiburger-zeitung
https://www.ub.uni-freiburg.de/recherche/digitale-bibliothek/freiburger-historische-bestaende/freiburger-zeitung
https://tambora.org
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Figure 8. Nineteenth century reproduction from “Prodigiorum ac ostentorum chronicon” (1557) by
Conrad Lycosthène. https://commons.wikimedia.org/w/index.php?curid=2119198 (accessed on
30 May 2023).

5. The United Kingdom

A long history of using historical source material to improve and aid in understanding
hazards is present in the UK [38]. This rich legacy continues today, with recent studies
exploring and reconstructing a wealth of information to better understand a range of haz-
ards, including flood reconstructions [88]; coastal flooding [89] landslides/landslips [90];
historic droughts [91]; storm and weather reconstructions [92]; and earthquakes [93]. In
recent years, focus has turned to better understanding the social and cultural impacts of
such events, whilst recognizing that the impacts are felt differently across society, reflecting
socio-cultural characteristics. There has also been a move to understand not just the large
events, but also how changes during quiescent or mundane phases of time can influence
events when they happen. Analysis of archives continues to identify new sources; whilst
commonly analysed materials, as previously discussed, are still widely used, a recent exam-
ple of a new source is the use of school log-books in the Outer Hebrides for reconstructing
storm impacts on communities, where few other source materials are available [94]. His-
torical sources and archives play an important role in helping communities understand
the risks presented to them; it can help them envisage complex concepts such as extreme
flood magnitudes and impacts, can help build awareness and importantly facilitate better
preparedness in communities, reminding them that whilst such events may be rare, they
do happen, and likely will again in the future.

The long history of using historical records in the UK has resulted in an expectation
that such materials will be considered when looking at high-magnitude, low-frequency

https://commons.wikimedia.org/w/index.php?curid=2119198
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events; as noted by Kjeldsen et al. [95], the UK and Spain are the only countries in which
consideration of historical materials is part of the planning consent process. This, in part, is
a reflection of the wealth of digitized materials and increasing use of online search tools (see
Table 1). However, it is notable that the majority of these databases focus on the physical
event rather than the impacts experienced. The result is that few databases have sought to
capture the human element of the hazard impacts, nor have they been designed to provide
full archival details; a rare exception to this is the TEMPEST database [96].

Table 1. Digital databases relating to different hazards in the UK; an example subset.

Hazard Digital Search Engine/Tool

Weather National Meteorological Archive

Earthquakes BGS Earthquake database

Flooding/Drought BHS Chronology of British Hydrological Events

Landslides BGS National Landslide Database

Coastal flooding Surgewatch

Avalanche Scottish Avalanche Information Service

6. The Iberian Peninsula

The Iberian Peninsula in general offers an excellent potential for documentary sources
for this type of research, both in its cities and in its institutions, thanks to its long history.
The types of documentary sources are different from those known in Central Europe or
Northern Europe: In the western Mediterranean area, private or personal documentary
sources are not common. However, there is a huge public, reliable and homogeneous
documentary heritage: the administrative documentation of local authorities, both civil
and ecclesiastical. This is documentation ranging from the 14th century to the present. The
source materials are of great magnitude and continuity, they are well preserved and their
access conditions are optimal (Figure 9).

The administrative sources are objective and reliable due to their origin and the official
purposes that define them. Perhaps the main drawback is the low density of information
that the sources contain in relation to natural hazards. Its content is routine: it contains
bureaucratic procedures that have changed little in recent centuries in the kingdoms of
the Hispanic Monarchy; however, phenomena that cause an alteration in these routines
with some impact on the daily life of local communities are meticulously documented.
Any event that requires a response from public institutions leaves detailed records in
administrative sources. This administrative structure and its documentary sources and
contents can be found beyond the Iberian Peninsula. Its scope can be defined as that of the
group of former kingdoms of the Hispanic Monarchy in the 15th–19th centuries, which
includes the states of Spain and Portugal, some regions of Italy and France, and the current
Central and South American republics. In these territories, the cities with a minimum
capacity for their authorities to generate, store and preserve documentary records, are
likely to have useful documentary collections.

Information obtained on natural hazards has important applications for the challenges
posed by climate change. It can inform urban planning and support the design and location
of public infrastructures so as to reduce risk. Historical information can improve the
management of water resources, both in excess (torrential rains, pluvial floods) and deficit
situations (droughts). In addition to knowing in detail the behaviour of these natural events,
the historical records can be used to supplement long time series based on event severity,
duration, extension and frequency, at a range of timescales from daily to annual resolutions.
In situations detailing water stress, the documentary records also preserve details of the
economic and social impacts, with additional information documenting the decisions
adopted at the private and institutional levels in response to these situations. Consequently,
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it is also possible to analyse the human dimension of natural hazards using the same
sources, assessing the results of the different mitigation or adaptation measures applied.
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Figure 9. Original manuscript describing the first catastrophic flood event in Barcelona city that
occurred on 27August 1389. This event, caused by short and torrential rainfall, produced floods that
caused the collapse of several buildings and the destruction of crops. Most water mills were closed
for two weeks.

Transcription:

“Anno domini m ccc lxxx ix dies xxvii mensis augusti circa horam vespro fuit
tot et tanta multitudo et tempestas aquas pluvialis in civitate barchinona et in
eio territorio et duravit per tres horas et plo ita qui postravit ad terram murum
ditem Civitatis quod erat retro monasterius sancti damiani barchinone et pte
dormitori dicti monasteri et per maiori pt ora hospitia q erant in vico dls Orbs et
in vico den Jucglar et in alys diversis locus barchinona et multas vineas destruxit
et eraditavit/Et inplevit regum comdale lapidibus et cementis in tum qp per xii
dies stetit qp no potuit intrar aquam moledinos in civitate barchn.”

Reference: Biblioteca de Catalunya, Ms. 485, Bartolomé de Monfar, “Cronicó de
Guillem Mascaró”, fol. 293. Source for graphic file: Biblioteca de Catalunya [97].

Web site: https://mdc.csuc.cat/digital/collection/manuscritBC/id/28989/rec/1
(accessed on 30 May 2023).
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Some examples of this research include the analysis of flood episodes, with more than
5000 episodes catalogued in the Spanish Mediterranean Basin. Some episodes show unprece-
dented magnitudes compared to the instrumental period, such as that of November 1617,
with descriptions of flood levels that exceed the absolute records of current instrumental
series in different rivers, and with the documented destruction of 450 structures [98,99]. The
administrative sources contain descriptive records of droughts on a daily and systematic basis;
they do not contain instrumental records, but document the religious responses that the local
authorities, civil and ecclesiastical structures launched in response to reports from the farmer’s
guilds on the impact of the rainfall deficit on crops. Cultural proxydata such as the “pro
pluvia” prayer ceremonies provide a degree of objectivity and independence from institutional
structures, providing an opportunity for the quantification in event severity following the
different formats of ceremonies that were performed, from simple prayers within the parish
churches to processions through the streets of each town, or large pilgrimages to sanctuaries
on a regional scale [100,101]. After a systematic compilation in different local archives, it
is possible to map the behaviour of severe droughts on a daily basis, such as the droughts
detected during the Little Ice Age in the Catalonia region [102] or the mega-drought identified
during the Dalton Solar Minimum (1812–1824) in Spain [103].

The potential of historical sources of information is considerable when recognising
their homogeneity and availability in hundreds of cities that have preserved documentary
collections in local and departmental historical archives. Perhaps the only critical difficulty
in this research is the sheer size of the enormous documentary heritage potentially available,
with limited capacity for applying technological or computer resources to collect large
amounts of information automatically. For example, collections from two main cities in
Spain include 2000 linear kilometres of shelves with unexplored handwritten documents; of
these, only 3–4% have been systematically consulted. Research opportunities are numerous
and diverse, and unexplored materials can provide highly relevant insights into past
natural hazards.

7. A Global Picture: The Help of the Web

In addition to the aforementioned national sources, there is an increasing range
of web-based resources; these can be specific to a region (e.g., Vesuvio Observatory),
country/national-level (e.g., British Hydrological Societies—Chronology of British Hy-
drological Events), continental (e.g., European Catalogue of Volcanoes) or global (e.g.,
Copernicus—ACRE) [104]. Although the number of such collections has grown in recent
decades, they are often planned with a specific focus and/or objective and as such may
be of limited utility if analysed from a different perspective. In recent years, there has
been an increase in scanning and digitization programmes covering older materials, some
undertaken by local/national archives to facilitate the increased availability of rare sources,
whilst others have focused on widescale programs of scanning, such as “Google Books”,
the tool developed by Google to search the text of digitized historical books. “Europeana”
(https://www.europeana.eu/it (accessed on 30 May 2023)) [105], on the other hand, is the
European digital library that brings together contributions already digitized by various in-
stitutions of the European Union; its resources include books, films, paintings, newspapers,
sound archives, maps, manuscripts and archives.

Among the other web resources useful for the analysis of natural events is eBay
is [106], while elsewhere social networks have facilitated sharing news, old documents,
comments and photographs of great historical importance (see, for example, the Italian
Facebook group called “Memoria storica dei processi geo-idrologici”, that is “Historical
memory of geo-hydrological processes”). Sometimes, even small municipalities publish
‘misfortunes’ of the past that have severely affected the village on their webpage or as blogs.
Developing a detailed knowledge of past event magnitude, frequency and impacts presents
an opportunity to better understand future risks [56], and also explore our climate futures.

Numerous studies, institutions and procedures exist in the field of historical climatol-
ogy, especially in Europe, which underline the value of historical documents in the analysis

https://www.europeana.eu/it
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of climate change and climate extremes. In addition to temperature and precipitation trends
over the last 1000 years, long-term reconstructions of climatic extremes are available, which
often refer to modern risk assessment: LeRoy Ladurie 1983 [107] mainly for France, Alexan-
dre 1987 [108] for Belgium and western and central Europe, van Engelen et al. 2001 [109] for
the Netherlands, Jakubowski-Thiessen [110] for storm surges along the North Sea coastline,
Büntgen et al. 2011 and 2021 [111,112] for the whole of Europe and Wanner 2016 for Central
Europe [113]. In particular, questions on the frequency and intensity of floods, droughts,
storm surges and storms, as well as their long-term changes and relations to climate change,
are numerous [75,76,112–115]. In addition to reconstructions of long-term development,
there are also elaborations on particularly striking phases such as the Spörer Minimum
1430–1445 [116]. Historical extreme events, such as the 1824 flood in the Neckar, have been
used to improve current risk assessments [69,117].

Compilations, which also have a long tradition, form a genre of their own. They are
often not written according to modern standards of source criticism, but they offer starting
points for further research; for example, Weikinn [118] on weather history, Pfaff [119]
on severe winters, or Pötzsch [120] on hydrological extremes along the transnational
Elbe/Labe River.

There are numerous institutions and portals on selected topics, both at the national
and European levels, which are based on sources such as the information platform “Un-
dine” (https://undine.bafg.de/index.html (accessed on 30 May 2023)) [121]. “Undine”
offers descriptions of current and historical high and low water levels for the Elbe, Oder,
Rhine, Weser, Ems and Danube rivers, as well as current measured values and historical
comparative values.

For technically relevant analyses, a number of impressive databases are now available
online. These include PREDIFLOOD [122] in Spain, ORRION in France [123], ICOADS [124],
CLIWOC [125], euroclimhist.ch [126] and REACHES [127]. In addition, there are specialised
databases, such as those on droughts, including EDII [128], or on marine and early instrumen-
tal data [129,130]; further access can be found at https://www.ncdc.noaa.gov/dataaccess/
paleoclimatologydata/datasets/historical (accessed on 30 May 2023) [131]. In the nationally
funded digitisation projects KLIDADIGI [132] and the manifold historical records of the
DWD [129], corresponding collections from German archive holdings have been integrated.
In the context of these efforts, questions of data standardisation are also increasingly emerging.
At PAGES (https://pastglobalchanges.org/ (accessed on 30 May 2023)) [133], for example,
various palaeo data are merged in a common data format (LiPD) according to the FAIR
(Findable Accessible Interoperable and Reusable) principles. This opens up new possibilities
for Big Data analysis as well as reanalysis [134–136]. Likewise, citizen science activities are
contributing to the indexing and analysis of historical datasets. Transcriptions from countless
ship diaries, such as those in the https://oldweather.org/ (accessed on 30 May 2023) [137]
project, are particularly advanced. These are connected to the International Comprehensive
Ocean-Atmosphere Data Set (ICOADS) [138]. Here, the handwritten records of ship diaries,
which are therefore difficult to analyse automatically, are transcribed by citizen scientists
and thus made accessible for further analysis. Supported by the public media, the weather
detectives (www.weatheraustria.net/ (accessed on 30 May 2023)) [139] were able to transcribe
more than 400,000 entries from 11,000 citizen scientists by October 2015.

As a further step towards coping with and using the increased amounts of data, au-
tomation procedures and their analysis by means of statistics and artificial intelligence are
increasingly being applied. In this context, the “digital humanities” are concerned with
researching text-based questions in the humanities using digital methods. One method-
ological basis of these approaches is hermeneutic interpretation [140]. Texts that a few years
ago were difficult to read can now be made accessible in a fraction of a second by means
of automatic text recognition (Optical Character Recognition—OCR). Many approaches
aim to go beyond qualitative analysis to quantification by means of word decomposition
(tokenising). In order to go beyond word boundaries and to recognise grammatical connec-
tions, methods from the field of artificial intelligence and machine learning are increasingly
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https://www.ncdc.noaa.gov/dataaccess/paleoclimatologydata/datasets/historical
https://www.ncdc.noaa.gov/dataaccess/paleoclimatologydata/datasets/historical
https://pastglobalchanges.org/
https://oldweather.org/
www.weatheraustria.net/
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being used. Common methods include text mining [141], natural language processing
(NLP), reinforcement learning and classification. Their application to newspaper archives
and information in the context of climatic issues is demonstrated by Yzaguirre, Smit and
Warren [142] with their impressive analysis of over two million articles, and Kang and
Park [143] using Korean newspapers.

Historical documents are also the basis for comprehensive catalogues; for example, of
earthquakes in Central Europe from the years 800 to2008 compiled by Leydecker [144], as
maintained by official bodies [145].

In conclusion, there is a wide range of historical sources from which anyone can learn
about the past; finding them is not easy amidst the flood of existing data in the world.
Once found, however, it is clear that each individual account requires an assessment of
its veracity, such as by comparing it with other sources before putting it into the public
domain. This should be taken as warm advice; for example, the landslide generated by
the very strong earthquake that occurred in 1857 in Montemurro, Basilicata, Southern
Italy [146]. Many Italian geologists and experts in later years reported that the landslide
caused 5000 casualties (it would have been one of the most catastrophic historical landslides
in Europe), but an analysis in the different archives (conducted also by the present authors)
has never made it possible to ascertain a certain and verified figure. Perhaps it was a
misunderstanding (probably generated by an error in Almagià’s 1907 book [147] that first
reported this news): the earthquake caused the victims, while the landslide triggered by
the earthquake probably did not cause loss of human life.
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