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Abstract: The November 23rd, 1980 Irpinia-Basilicata (Southern Italy) earthquake is one of the
strongest earthquakes ever occurred in Italy. The earthquake was a natural laboratory for the scientific
community, which was engaged highly and promptly in investigating the event, thus publishing a flood
of papers in different research areas over time. Just these research outputs are the focus of the article,
which examines, with a tailored methodological approach, the international and national (Italian)
studies started and advanced since the occurrence of the earthquake. First, we built and analyzed
statistically two bibliographic databanks regarding the earthquake studies: (a) the international
version of IRpinia Bibliographic databASE (IR_BASE_ENG), selecting and standardizing the pertinent
scientific documents extracted from Scopus, Web of Science, and other databases and (b) the national
version of the database (IR_BASE_IT) using the Google Scholar search engine to search for the most
relevant papers in Italian. Second, IR_BASE_ENG was analyzed in a bibliometric perspective through
the data mining VOSviewer software (Waltman et al., 2010) that builds co-occurrence term maps
useful in perspective of investigating the wide-ranging studies on the earthquake. Third, taking a cue
from this network analysis, we recognized the main research topics and performed a minireview of
the related international studies, integrating in it a quick reference to the literature in Italian. Finally,
we associated the scientific outputs to each cluster/topic, also performing the frequency analysis of
the published documents for each subject, thus gaining information on the temporal trends of studies
and getting a more exhaustive evidence of the scientific landscape on the earthquake over the last
40 years.

Keywords: 1980 Irpinia-Basilicata earthquake; earthquake effects; environmental effects; disaster
epidemiology; disaster response

1. Introduction

The November 23rd, 1980 Irpinia-Basilicata (Southern Italy) earthquake is one of the strongest
earthquakes ever occurred in Italy (Me 6.7, [1]). The event caused over 2700 casualties while felt
effects occurred in a very wide area, from south to north, from Sicily to Liguria. Among the 687
municipalities affected, 37 were declared devastated, 314 seriously damaged, and 336 damaged [2].
Out of around 1,850,000 houses, 75,000 were destroyed, 275,000 seriously damaged, and 480,000
slightly damaged. In particular, the villages of Castelnuovo di Conza, Conza della Campania, Laviano,
Lioni, Sant’Angelo dei Lombardi, and Santomenna, in the Avellino province, were almost razed to
the ground. The damage to cultural heritage was also significant, with several hundreds of churches,
bell towers, castles, palaces, and archaeological remains damaged with different degrees of severity.
Furthermore, the event caused primary effects consisting of surface faulting extended for about 40 km
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in length [3] and secondary effects with the triggering or the reactivation of numerous landslides such
as those in Senerchia, Caposele, and Calitri in the Avellino province, San Giorgio La Molara in the
Benevento province, and Grassano in the Matera province [4–6].

Due to the broad-spectrum of effects, the area most involved in the earthquake was considered
a sort of natural and open-air laboratory to perform in-depth studies covering multidisciplinary
and interdisciplinary areas. Research activities by the scientific community promptly started in
the aftermath of the earthquake so that the first papers were published in the weeks and months
immediately following the earthquake.

That being stated, in order to shed light on these studies in qualitative and quantitative way,
the article aims to illustrate and discuss the international and national scientific publications. To do
that, we built two databanks: (1) the international version of the IRpinia Bibliographic databASE
(IR_BASE_ENG), making use mainly of Scopus and Web of Science citation indexes. Furthermore,
BIOSIS, Data Citation Index, and MEDLINE were also considered to extract and analyze the pertinent
papers published over a period of about 40 years, since 1980. Additionally, in order to increase the
database completeness, we made some manual additions of bibliographic records, (2) the national
version of the database (IR_BASE_IT) using the Google Scholar search engine to search for papers
in Italian. The combined use of the databases allowed to widely tracing the typology, amount,
and evolution of the most typologies of studies regarding the earthquake.

Once IR_BASE_ENG was built, we examined it to focus particularly on the hot issues and research
lines covered by the papers. To do that, we made use of the VOSviewer data mining bibliometric
software that builds distance-based maps (www.vosviewer.com [7]). The software is widely used to
perform analysis in different fields such as information and communication technologies, medicine,
agriculture, earth sciences, and applied geophysics [8–12].

Taking a cue from the network analysis, we identified the main research branches. We also
carried out a minireview of some relevant international studies, also including a quick look at the 1980
literature in Italian.

The article is divided into four main parts: (1) the criteria followed to build the two 1980 IR_BASE
and analyze the IR_BASE_ENG through the bibliometric software, (2) the statistical result analysis
related to the two databases, (3) the VOSviewer map analysis by identifying the main clusters/topics
and performing a minireview about each of them, and (4) the statistical analysis of the research outputs
for each topic over time.

2. Materials and Methods

As Figure 1 shows, the approaches followed to build the two 1980 literature databases were
quite different.

As regards to IR_BASE_ENG, we considered four main steps: (1) selection of the international
bibliographic databases from which the pertinent data is extracted; (2) identification of the proper
queries to interrogate the archives and extract the data; (3) checking, homogenization, and fusion of
the bibliographic data extracted by the different digital repositories; and (4) manual adding of both
missing records and incomplete bibliographic information.

Concerning the first point, we considered Scopus and Web of Science, which are the most
considered databases commonly used to search for the literature [13]. In addition, in order to expand
our searches to as many research branches as possible, these two databases were supplemented by
BIOSIS, Data Citation Index, and MEDLINE.

Scopus was launched in November 2004, and it includes over 25,000 active serial titles from more
than 5000 international publishers. Scopus delivers the most comprehensive overview of the world’s
research output in the field of science, technology, medicine, social science, and arts and humanities.
Scopus also includes “Secondary Documents” (SDs) that are documents, which have been extracted
from a Scopus, document reference list, but are not available directly in the Scopus database since
they are not indexed. In order to increase our findings for the 1980s and 1990s especially, SDs were
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also considered in building the 1980 international database. This choice implied to manually adding
some missing information to the SD records, as they are not indexed by Scopus. This aspect will be
discussed in a deeper way later.

The Web of Science Core Collection (1965 to present) consists of 10 indexes containing information
gathered from thousands of scholarly journals, books, book series, reports, conferences, and more.
Citation databases are Science Citation Index Expanded (SCI-EXPANDED), Social Sciences Citation
Index (SSCI), Arts & Humanities Citation Index (A&HCI), Conference Proceedings Citation Index-
Science (CPCI-S), Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH),
Book Citation Index–Science (BKCI-S), Book Citation Index–Social Sciences & Humanities (BKCI-SSH),
Emerging Sources Citation Index (ESCI), Current Chemical Reactions (CCR-EXPANDED), and Index
Chemicus (IC). Web of Science includes over 12,000 highly acclaimed impact journal worldwide.
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Figure 1. Flow chart summarizing the methodology used to build the two databases. In green,
the methodological path common for the two databases. In blue, the path followed only for assembling
IR_BASE_ENG. In red, the path for the building of IR_BASE_IT.

As said before, other databases were used to search for the 1980 earthquake documents: BIOSIS,
Data Citation Index, and MEDLINE. BIOSIS Citation Index, with coverage from 1926 to present,
is the world’s most comprehensive reference database for life science research. It also includes cited
references to primary journal literature on medical research findings. In addition, it covers original
research reports and reviews in traditional biological and biomedical areas. The Data Citation Index
contains source records relating to research data available in Web-based data repositories and covers
all scholarly disciplines. MEDLINE, with coverage from 1950 to present, is the premier database of the
US National Library of Medicine (NLM). It contains over 12 million records of journal articles in all
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areas of the life sciences, with particular emphasis on biomedicine. Web of Science Core Collection,
BIOSIS, Data Citation Index, and MEDLINE databases were accessed by the option “All Databases” of
the Web of Science platform.

Looking at the second point of the methodology, in order to identify the search terms and queries
useful to extract as many records as possible by the above mentioned international databases indexes,
we performed a preliminary quick reading of a few dozen of papers, taking into account the overall
time period under investigation here (1980–2020). After that, we fixed the first query to be used to pull
records from the citation indexes. From these preliminary records, we identified and selected further
search terms. This approach was followed until no new search terms were found (for the search terms
used see Appendix A). Joining all the key terms, we execute the final query to interrogate Scopus and
Web of Science by title, abstract, and keywords, both author and indexed ones. The choice to include
all keywords implies that selected documents include both direct studies on 1980 earthquake that
research where the 1980 events are not the main target of the investigations.

We executed the query considering all document typologies coming from the repositories taken
as a reference. Furthermore, we considered the search results without restriction for specific research
areas. Once executed the query, the results were saved for the two searches (Scopus and Web of
Science) separately.

The third point of the approach refers to the preprocessing of data. Due to their differences in the
format, we homogenized the data deriving from Scopus and Web of Science and fused them in an
Excel sheet, deleting duplicate records and manually checked the pertinence of each item with our
search aim, analyzing the abstract and/or the full texts.

The fourth step concerns the manual adding of information, in both Secondary Documents
of Scopus and oldest documents retrieved in Web of Science as well as in Scopus. As said before,
Secondary Documents are not indexed. Therefore, the bibliographic records are only partial and they
do not include, e.g., the abstracts and source information as they are frequently incomplete, at least for
the items published in the 1980s and early 1990s. Furthermore, such records are frequently duplicate
reflecting the different way in which the documents were cited. These limitations required a deep and
time-consuming manual check of the records, with corrections and/or adding of missing information
(authors, year of publication, abstracts, and publication source) by consulting the original scientific
works retrieved on the web and libraries. However, also the indexed documents required to be made
complete in the bibliographic data. Indeed, the documents of Web of Science and Scopus published in
the 1980s frequently did not have abstracts. Therefore, we performed the manual addition of them,
in perspective to be analyzed by the VOSviewer software (version 1.6.8).

However, the use of Scopus as well as Web of Science alone did not allow finding some documents.
We refer, e.g., to some papers published in the Special Issue of Annali di Geofisica edited in 1993 dedicated
to the Irpinia-Basilicata earthquake [14]. To overcome this drawback and increase the completeness
of the IR_BASE_ENG database as much as possible, we added manually in it some missing records
and the related abstracts, by analyzing the references of some relevant papers on the 1980 earthquake
published in the 1980s and 1990s, with particular attention to the works reported in Valensise (1993) [15].
After these steps, we built the final version of the IRpinia Bibliographic databASE (IR_BASE_EN).
Later on, the data were read in and explored by the VOSviewer software (see next sections).

As regards the construction of IR_BASE_IT, we used Google Scholar (GS). GS is not a bibliographic
database, but a specialized search engine that looks for scholarly materials that may be available online.
GS was accessed by the Publish & Perish software (https://harzing.com/resources/publish-or-perish).
However, unlike of Scopus and Web of Science, in GS, it is not possible to perform search also in
abstracts and keywords [16]. In addition, the search analysis in GS performed through the “Keywords”
field of Publish & Perish provided too much irrelevant data. Therefore, we oriented our analysis of
Italian literature to find only the most relevant documents, interrogating GS only by the title field.
Anyway, with the aim to increase the corpus of IR_BASE_IT records, the GS data were supplemented
by searches performed in the Secondary Documents of Scopus. Furthermore, also for IR_BASE_IT,
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manual additions of records coming from Valensise (1993) [15] were performed. We used the following
search terms: terremoto/i 1980 (earthquake/s 1980), sisma 1980 (earthquake/s 1980), terremoto/i irpinia
(earthquake/s irpinia), and faglia irpina (fault irpinia). Then, we extracted the bibliographic data and
saved them as *.csv file to be analyzed statistically joined with the other databank (IR_BASE_ENG).
The analysis of IR_BASE_IT by the VOSviewer software was not done, but a quick discussion of
the related research items was fused within the minireview based on the international Scopus-Web
of Science derived papers, as we have discussed better later. Data for both IR_BASE_ENG and
IR_BASE_IT databases were searched and downloaded between 25th July 2020 and 3rd August 2020.

As said before, IR_BASE_ENG was analyzed by the VOSviewer software. This builds co-occurrence
networks, suitable to give an idea of relationships between words. Indeed, word co-occurrence networks,
among the most common linguistic networks studied in the past due to their topological features [17],
are used to detect semantic similarity between terms [18]. The software uses the text mining technique
to identify the noun phrases from titles or title and abstracts. The noun phrases are classified based
on a relevance score: high relevance score is assigned when terms co-occur mainly with a limited set
of other noun phrases so showing a more precise connotation in the field considered. This means
that noun phrases with low relevance score are those that tend to be too general and meaningless
for the domain of interest: they are omitted from the data processing. The software grouped the
high relevance noun phrases (referred as terms) together into clusters to identify possible subfield or
research topics. The default option of the software is to select the 60% most relevant terms among the
noun phrase that occurred 10 times at least [19,20].

In our analysis on the 1980 earthquake, we selected the titles and abstracts option to extract noun
phrases. Furthermore, in order to have a picture as more representative as possible of the research
activity, we lowered considerably the threshold values of noun phrase, fixing the occurrence at 3 times
at least. Conversely, regarding the percentage of most relevant terms, we considered a percentage of
70%. Furthermore, the option to insert a thesaurus text file was considered. This option is helpful in
order to merge different spellings of the same term (e.g., hypocenter and hypocentre; isnet and irpinia
seismic network). In addition, the option was considered also for merging different terms referring to
the same concept (e.g., earthquake sequence and seismic sequence). After that, the resulting terms were
cleaned by deleting the irrelevant words (e.g., March, introduction, paper, review).

The software builds three typologies of maps: network visualization, overlay visualization,
and density visualization. The first map shows the items by their label and by a circle. For each
term, the size of the term’s label and the size of the term’s circle depends on the weight of the term.
Furthermore, the color of an item is determined by the cluster to which the item belongs. The overlay
visualization is the same as the network visualization except that items are colored in a different way
depending on the user choice. Lastly, density visualization shows the density of an item at a certain
point. In our analysis, we built and analyzed comparatively the network and the density visualizations.

3. Results

The Two Databases

Overall, the two databases, made up mainly of journal articles and conference proceedings,
include 636 bibliographic records, 512 of which related to IR_BASE_ENG and 124 to IR_BASE_IT.

Figure 2 shows the yearly pattern of number of bibliographic records for both the databanks over
the period of almost 40 years. On the one hand, IR_BASE_ENG covers all the time window; on the
other hand, IR_BASE_IT shows an intermittent lacking of data for 11 years, since the early 1990s.
However, over the entire period, at least one international or national document was published yearly,
including the remaining period of just over a month after the earthquake occurrence. The average
annual number of documents is equal to 16, the maximum number of documents published in one
year (1981) is 64.
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Analyzing Figure 3, which shows the cumulative yearly percentage of documents published
in the two databases taken alone and as a whole, we can see that in the 1980s, about 50% of the
total documents was published. Considering the two databases separately, we can also realize that
approximately the same percentage (50%) of documents in Italian was reached only after 6 years since
the event occurrence, while the equivalent percentage for the Scopus and Web of Science derived
documents was reached in a double period.

Figure 4 shows the number of total authors involved in the authoring the documents yearly
(researchers that authored more papers were counted more times according to the number of papers
they signed or cosigned). Overall, 2035 authors were involved in the studies, with a yearly mean of
about 51. The maximum yearly of 197 was in 1981 and the minimum of 16 in 2001 and 2006. However,
for the most of the period, the number of authors was less than 60.

The term map obtained by analyzing the IR_BASE_ENG database with the VOSviewer software
shows three main clusters made up of about 330 words (Figure 5). However, the green and red clusters,
in turn, can be divided into a series of subclusters that identify different research areas. We will discuss
of these in the following sections. An interesting data about the mutual relationship between the three
clusters can be provided by Figure 6, where we can see the density view map. In the visualization,
the connection between the red and green clusters (171 and 131 items, respectively) appears to be
slightly stronger than of either these subfields with the blue cluster (27 terms). What is more, we can
also see that relationship within the red and green clusters are quite relevant, thus showing that
subclusters/research topics cannot be considered as independent to each other, with special attention
to the closest group of terms.
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4. Discussion

4.1. Cluster 1 (Red) (SOURCE)

The red cluster (Figure 5), led by the word normal fault (45 occurrences), may be roughly split into
two larger subclusters, which call back on studies concerning the seismic sources through: (1) (mainly)
seismological data (the upper and central-lower portion) and (2) (direct) paleoseismological and
(indirect) geophysical investigations on the Irpinia fault (lower portion).

4.1.1. Studies Concerning the Seismic Source through Mainly Seismological Data

This subcluster can be identified in the upper and central-lower portion of the red group of terms.
The richness of the words, their recurrence, and the mutual relationship of the terms well label both the
complexity and high degree of maturity of the studies. These involved also the use of multidisciplinary
approaches by integrating seismological, geodetic, and geological data, so showing the great efforts
made by the scientific community to fuse multiple data thus building a proper source model.

One of the first works on the seismic source regarded the processing of seismograms recorded at
teleseismic distance [21]. The authors gained information on the origin time, location, magnitudes,
both mb (6.1) and Ms (6.8), and the geometry of the causative (normal) fault, whose strike direction
was found to follow closely the axis of the Apennines in accordance with both the stress pattern
(4) indicated for this area by focal mechanism analysis of previous earthquakes and neotectonic
evidence. The authors also found an anomalous shift in the origin time for the earthquake, so assuming
that it might have been caused by a multiple event, which, however, was regarded as not having
caused fault breaking at the surface.

In the same year, the Gruppo di Lavoro Sismometria del Terremoto del 1980 published an important
dataset that will then be used in the following years to both constrain the location and extent of the
seismogenic source [22]. In addition, the data contained in Berardi et al. [23], which published the
accelerometric recordings of the 1980 earthquake, were subsequently the subject of in-depth analyzes
to investigate the complexity of the earthquake rupture mechanism.

As it had already emerged immediately after the event, other studies performed in the early 1980s
confirmed the normal faulting mechanism of the earthquake, supplying information about the fault
features. For example, Del Pezzo et al. [24], analyzed the seismograms from permanent and temporary
stations, located the hypocenter (13) of the event, confirming the normal faulting fault-plane solution.
Furthermore, analyzing more than 600 aftershocks, the authors found an alignment of events over
an area having a length of about 70 km. Arca et al. [25], examining the waveforms and the aftershock
distribution (7), confirmed the normal faulting mechanism suggesting an inhomogeneity of the slip.
In addition, the same authors proposed the vertical movements as to be modeled by a normal fault
segmented in various branches, with an abrupt stop of the rupture in the NW tip, where the vertical
displacement(s) (6) reached its maximum values. Deschamps and King [26], starting from far field and
local data, performed the waveform modelling (8), the fault plane and aftershocks analysis also finding
that the 1980 earthquake was a normal event with a large component of left-lateral strike slip.

The year later, the same authors [27], performed detailed analysis of over a thousand of aftershocks
founding a reverse faulting in the same area that created a large component of normal faulting in
the main event, proposing a speculative model to interpret the unusual findings. The same year,
Westaway and Jackson (1984) [28], based on a field survey in the epicentral region, recognized as
primary effects environmental evidence that had been interpreted in previous years as gravitational
phenomena. Indeed, the authors described for the first time, the 1980 surface faulting (28), so starting a
new leading research line of the following years (see below) aimed at exploring in depth the location
as well as the geometry of the surface rupture caused by the 1980 occurrence. The more than 10 km
long faulting was considered as consistent with the focal mechanisms of the event, so concluding that
deformation associated with earthquakes in the southern Apennines took place in the upper 10–15 km
of the Earth’s crust on steep planar normal faults.



Geosciences 2020, 10, 482 10 of 25

In order to gain information on the source model, next studies paid more attention to the fusion
of different datasets. For example, Westaway (1985) [29] stressed the importance of different data to
both study the complex earthquakes and constraint the sources, combined long-period teleseismic
and short-period strong motion waveform modelling with field survey of surface faulting and other
data, and pointed out that the faulting had a segmented geometry in which motion occurred on
planar normal faults which broke the surface. Crosson et al. (1986) [30] analyzed the aftershocks,
the pattern of strong ground motion, the focal mechanism of the mainshock, and two critically placed
leveling profiles, arguing that the 1980 faulting resulted in a complex and uncommon pattern of two
high-angle subperpendicular direct faults. The work spurred a scientific discussion the year later [31,32].
On the same year, Westaway and Jackson (1984) [33] correlating teleseismic waveforms, local ground
acceleration, elevation changes, surface faulting, and aftershocks investigated the three-dimensional
fault geometry (11) and the timing of the faulting, which caused about 12 km of surface faulting,
so updating the data of Westaway and Jackson [28]. The modelling of long-period teleseismic body
waves also allowed to question about the hypocenter and focal mechanism, finding a seismogenic
normal fault structure to be approximately planar, with a dip of 60◦. Moreover, the authors reported
a total of six subevent(s): i) within 10 s of the origin time of the seismic event, the motion happened
on three discrete fault segments extending for 30 km along the strike, ii) a fourth subevent occurred
about 13 s after the first motion, and iii) two later fault ruptures also arose about 20 and 40 s after
the first motion. Some years later, Bernard and Zollo (1989) [34] using strong motion, leveling data,
teleseismic waveform modeling and aftershock studies, analyzed the kinematics of the 1980 normal
fault confirming the three main rupture episodes at 0, 20, and 40 s.

The use and fusion of levelling data (4) with field observations, the last useful to recognize three
main strands forming a 38-km-long northwest trending fault scarp (9), were envisaged by Pantosti
and Valensise (1990) to delineate the faulting model. The fault scarp, with an average strike of 308◦,
extended between the north-facing slope of Mt. Cervialto (near Lioni, Avellino) and the Pantano di San
Gregorio Magno (Salerno). The scarp was 40–100 cm height [35]. Later on, Blumetti et al. (2002) [6]
contributed to identify a set of open fractures and south-southwest-dipping normal fault scarps around
Castelgrande, Muro Lucano, and Bella, for a total length of about 8 km. These were interpreted by the
authors as possibly primary tectonic effect, probably related to the 40 s event.

In 1992 and 1993, Westaway (1992, 1993) [36,37], relocated the nucleation (5) point of the fault,
also suggesting an updated sequence of rupture subevents. According to the author, the main shock
was characterized by seven rupture subevents, among which were the 20 and 40 s ones. The initial
fault rupture nucleated at or near the SE end of the Carpineta fault and propagated NW.

In the same years, Amato et al. (1992) [38], based on the velocity distribution at depth, argued
that 40 s rupture was the result of reactivation of an old thrust as a normal fault. Further investigations
using the inversion of strong motion waveform(s) (13) shed light on the spatiotemporal pattern of
rupture process, which propagated northwestward [39,40].

Furthermore, 1993 was the year in which many studies regarding the 1980 earthquake were
published as results of the Meeting held in Sorrento in 1990 on the 10th anniversary of the earthquake.
The works, already published in a preliminary form in the meeting Proceedings, flowed in the final
draft form in the Special Issue of “Annali di Geofisica” [14]. Therefore, several articles were published
beyond the two already cited just above [39,40].

Amato and Selvaggi (1993) [41], starting from the relocation of about 600 aftershocks, computed a
velocity model (12) highlighting that the complexity of the Irpinia mainshock was due to the rupture of
the highly heterogeneous medium. Giardini (1993) [42], making use of data recorded at teleseismic
distance, determined the main seismological parameters, including a focal mechanism with an almost
pure dip-slip mechanism. Pingue at al. (1993) [43] modeled the Irpinia source using geodetic data,
but integrating and constraining the results with different data sets useful to overcome some limitations
of geodetic data alone. The model described three fault segments each of which related to one of the
three main rupture episodes of the main shock. Other studies dealt with the investigation on both
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0 s subevent to analyze the propagation rupture [44] and second and third ones to constraint their
location and mechanism [45]. In the same year, Vaccari et al. (1993) [46] studied the rupture model by
the inversion of accelerometric waveform and the comparison between the model-derived synthetic
isoseismal and the observed damage patterns.

In the central-lower portion of the red cluster (Figure 5), we can identify some terms related to
studies on the stress change caused by the 1980 earthquake. Nostro et al. (1997) [47] assessed the
static stress change (4) induced by the normal-faulting 1980 earthquake on nearby seismogenic faults,
concluding that the Irpinia earthquake caused an increase on both the fault zone active during the 1990
and 1991 events and faults responsible of 1732 (Irpinia) and 1857 (Basilicata) earthquakes. Belardinelli
et al. (1999) [48] computed the dynamic spatiotemporal stress changes caused by the rupture of the
first subevent (0 s). The modelling showed that after a transient phase, the stress time history evolved
to the final static stress value. In particular, the dynamic stress peaked on the second subevent (4) fault
plane and it was reached between 7 and 8 s after the rupture initiation on the main fault, with the static
stress level on the second subevent (20 s) fault plane to be reached nearly after 14s.

Other studies in 2000s, continued to investigate the source and the faulting mechanism using
inversion of coseismic vertical displacement (6) data [49], relocation (4) of the main event, P-wave velocity
inversion (procedure) (5), and analysis of postseismic ground deformation (6) [50].

4.1.1.1. Studies of the Seismic Source by Paleoseismological and Geophysical Investigations

In the lower part of the cluster, we can trace some terms identifying both direct (paleoseismological)
and indirect (geophysical) investigations on the Irpinia fault.

The paleoseismological studies started in the late 1980s following the identification of 1980 surface
faulting by Westaway and Jackson (1984) [28].

Pantosti et al. (1989) [51] built a thorough mapping of the 35 km-long sector of NW trending
NE-facing scarp(s) (6) related to the earthquake. In the central part of the surface rupture (Piano di
Pecore), the trench(es) (14) dug showed a surface displacement of 85 cm, also identifying other three
previous paleoearthquakes, beyond the 1980 event.

Two new trenches were excavated in 1990 at Pantano di San Gregorio Magno, an elongated
depression located close to the southern end of the Irpinia fault. Four pre-1980 paleoearthquakes were
identified, so suggesting the first data on both earthquake recurrence intervals and slip per event,
as well as the slip rate (12) on the fault (e.g., [52–54]).

In the 2000s, some studies were also oriented to the geophysical investigations of the structure
of the Irpinia fault. For example, Improta et al. (2003) [55] performed a high-resolution multifold
wide-angle seismic survey carried out across the scarp to investigate the shallow structure of the
fault. Bruno et al. (2010) [56] carried out a two-step imaging method to dense wide-aperture data
with the goal of imaging the Irpinia fault in its complex geologic setting. Galli et al. (2014a) [57]
performed integrated and complex geophysical investigation (electrical resistivity tomography, ground
penetrating radar measurements, and horizontal-to-vertical spectral ratio microtremor analysis) along
the fault, so supplying a subsurface image of the near-surface fault architecture. Geophysical survey
jointly with previous paleoseismological studies allowed the assessment of some fault parameters and
the precise locating of the fault trace. Galli et al. (2014b) [58] identified, across the active Mount Marzano
Fault System, several clusters of inflection points that, once compared with historical seismicity (5) of
the area, gathered paleoseismological data along some significant segments of the fault, and previous
geophysical investigation (Galli et al., 2014a) [57] allowed to make new considerations about the
present slip rate and recurrence time for high-magnitude earthquakes.

Vassallo et al. (2016) [59] correlating the ambient noise recorded at broadband stations, found a
low-velocity anomaly in the area bounded by the two main faults that caused the 1980 earthquake.
Furthermore, Lo Re et al. (2016) [60] performed a microgravity survey to precisely locate and better
characterize the near-surface geometry of a segment of the Irpinia Fault.
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4.2. Cluster 2 (Green)

The green cluster may be subdivided in at least four main subclusters related to research on:
(1) Earthquake Secondary Effects (ESE); (2) Disaster Response and Recovery (DRR), (3) Disaster
EPidemiology (DEP); and (4) BUILDing and infrastructure damage, vulnerability, seismic RISK
assessment and mitigation (including seismic microzonation studies) (BUILDRISK).

4.2.1. Earthquake Secondary Effects (ESE)

The subcluster, in the lower-left portion, includes studies on slope movements, ground cracks,
hydrological anomalies, and liquefaction phenomena.

The studies dealing in some way with the landslide(s) (52) triggered by the 1980 earthquake cover
almost the entire study period analyzed in this article. First works on the subject were those examining
the reactivation (13) of old landslides in Senerchia, in the Sele River valley [61–63]. The early 1980s also
saw studies on liquefaction phenomena [64].

Further research looked at the landslide phenomena in many other localities or areas. We refer to
the Sauro torrent, near the village of Stigliano, in the basin of the Agri River [61] Calitri [65–67], an area
close to Atella [68], the Upper Valley of Sele River [69], the Valley of Tammaro River [70], and in the
Mounts Cervialto and Terminio-Tuoro [71].

While these works, as well as most of the papers published over the following decades, looked
at the earthquake-induced landslides in specific areas or towns, Alexander (1981) [72] examined the
hazard(s) (40), mechanisms and the effects of landsliding provoked by the 1980 earthquake at a wider
territorial scale, both in Basilicata and Campania regions. The effects of the induced mass-movement
were considered with respect to the slope instability and damage to both settlements and infrastructures.
Furthermore, the author also framed the landslide problem within the historical, social, political,
and economic factors. As regards the latter, the author underlined as poor conservation of soil in Italy
determined that 46% of soil was vulnerable to landslides after flooding, erosion and earthquakes.

About two decades after, Porfido et al. (2002) [73], in line with a wide-ranging analysis of
earthquake-induced landslides, performed a systematic overview of the territorial spreading of ground
effect(s) (9) induced by two strong earthquakes in the southern Italian Apennines, among which just
the 1980 event. The authors also shown a likely correlation between maximum distance of effects
and length of the reactivated fault zone. Five years later, Porfido et al. (2007) [74] discussed the
seismically induced environmental effects extending the study to three strong earthquakes occurred in
the Southern Italian Apennines.

In the term map (Figure 5), we can observe a certain closeness between the “landslide” and
“spring” terms. This link recalls, e.g., the studies relating to the change in spring flows due to the
sliding process triggered by the earthquake [75] or the influence of spring flow increase on the slope
failures in the Sele valley [76].

Other terms in the map, such as hazard, indicate the complexity and importance of the landslide
studies. Del Prete (1993) [77] discussed two examples of mudslide hazards in the Upper Sele Valley
concluding, among other things, that this type of landslide is prone to be reactivated especially due
to the seismic shaking. Some years later, Parise and Wasowski (1999) [78] dealt with the assessment
of landslide hazard in some areas of the Southern Apennines hit by the 1980 earthquake. The aim
was reached by the preliminary building of the landslide activity maps integrating different source of
information. The authors, estimating the areal frequency of active landsliding for the last 40 years,
argued the significant impact that the 1980 earthquake had on the stability of slopes located close to
epicenter. The Upper Sele Valley was also considered by investigations of Capolongo et al. (2002) [79].
The authors evaluated the earthquake-triggered landslide hazard integrating different data into a
typical earthquake stability model of slope to assess the landslide potential during the 1980 earthquake
in the Valley.

As regards the proximity between landslide and database (14) this can be justified, e.g., by the building
of the list of earthquake-induced ground failures in Italy (Italian acronym CEDIT), which collects data



Geosciences 2020, 10, 482 13 of 25

regarding landslides, liquefactions, ground cracks, surface faulting, and ground changes triggered by
strong earthquakes (e.g., [80]).

4.2.2. Disaster Response and Recovery (DRR)

The issue of reconstruction was already considered in the early 1980s jointly with the analysis of
the emergency phase (e.g., [81–83]).

D’Souza (1982) [84] dealt with the recovery and rebuilding in two communities of Southern Italy,
showing that the combination of appropriate aid and effective leadership affect strongly the efficacy
for recovery. The same author in 1984 (D’Souza, 1984) [85], analyzing one community living in a
village of Salerno province (Campania region), debated that outside aid to the affected area should
encourage and sustain indigenous solutions as well as the use of community’s own skills and resources.
The same year, Alexander (1984) [86] considered the policies implemented by the institutions in two
phases, the first involving the relocation of the survivors in temporary prefabricated homes and the
second concerning the reconstruction of permanent housings. The author sustained that the financial
aids for the rebuilding process was reduced in efficacy due to bureaucratic delays, legal complexities,
and inequality in the distribution of economic resources. The author also argued that the occurrence of
other natural hazards in the aftermath of the 1980 earthquake had an increasing effect in the formation,
in 1982, of a Ministry for Civil Protection with the consequent strengthening of both disaster relief and
prevention actions.

Caporale et al. (1985) [87] sustained that there were highly differentiated patterns of recovery
in the different villages affected by the earthquake. Therefore, the authors examined the social,
economic, and political factors responsible for the differences to draw policy implications for emergency
management, reconstruction strategies, and intervention policies.

Some years later Alexander (1989) [88], discussing on how preserving the identity of small
settlements during the large-scale phase of reconstruction, analyzed the impact on the urban landscape
of temporary shelter and reconstruction. Furthermore, the author argued that inconsistencies in
government reconstruction funding were the cause for much of the variability of postdisaster recovery
in Italy, concluding that the existing theoretical models were inadequate to predict the development of
the rebuilding phase.

Many years later, Chubb (2002) [89] analyzed comparatively the government response to three
earthquakes such as the Belice 1968, Friuli 1976, and 1980 one.

Other studies were performed on the reconstruction over the following years. For example, Forino
et al. (2015) [90] reflected on the relationship between state-driven developmental policies and postwar
territorial transformations in southern Italy. To do this, they also analyzed to what extent the measures
for industrial recovery and settlement reconstruction put into the field after the 1980 earthquake
in Campania and Basilicata affected soil resource depletion and land degradation. The authors
found manifold links between the post-war economic policy and the downward environmental spiral
observed in southern Italy.

Recently, Porfido et al. (2017) [91] scrutinized the in situ reconstruction of two villages as well
as the rebuilding of another village that was rebuilt far from its original place. Downstream of their
analyses, the authors stressed the key role of technical experts both in the built environment and in
social as well as ethical context for the proper rebuilding of villages, having particularly the people
resilience in mind.

4.2.3. Disaster Epidemiology (DEP)

Looking at the right-terminal portion of the green cluster, close and correlated to the disaster
response/recovery subcluster, we can notice a group of terms headed by the word epidemiology (10).

These terms and the related ones, reflect empirical studies carried out mainly in the 1980s on the
epidemiological consequences of the 1980 earthquake. For example, Greco et al. (1981) [92] performed
three typologies of surveys aimed at the: (1) surveillance of hospital admissions of the survivor(s),
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(2) surveillance of infectious disease(s) (4) among the survivors, and (3) statistical analysis of mortality
and traumatic injury in the survivor(s). The authors concluded that earthquakes do not necessary cause
epidemics nor make the epidemiology of infectious illness worse as respect the predisaster situation.
Alexander (1982) [93], analyzing the disease epidemiology of the earthquake and the health service
response in the emergency phase (4), concluded that there were no serious epidemics and the hospital
system was able to cope with the aftermath needs. The author also underlined as the national plan of
vaccination of both survivors and rescue volunteers was probably an overreaction of institutions with
respect to the dominant epidemiological condition.

Three years later, Bruycker et al. (1985) [94] analyzed the morbidity (number of injured) (3) and
mortality (7) after the 1980 earthquake based on a sample of over 3600 people of near-epicenter village(s).
They found that injury (6) rates were more than five times higher in trapped than in nontrapped victims
and chance for escape was vital for survival (3) and interconnected with the seismic vulnerability of
buildings. The disaster response analysis performed by the authors, also indicated that the emergency
phase for medical care was limited to the 3–4 days after the earthquake occurrence.

4.2.4. Building and Infrastructure Damage, Vulnerability, Risk Assessment,
and Mitigation (BUILDRISK)

One of the first works regarded the analysis of the damage on different structures, such as
building(s) (38) and bridge(s), was performed by a Swiss reconnaissance team who surveyed the most
affected area about 3 weeks later the earthquake occurrence [95]. In addition, Guepinar et al. (1981) [96]
performed a 7-day field trip at the end of January 1981, paying special attention to the damage caused
by soil failures or soil–structure interaction.

Postpischl together with other authors published some progress reports on the macroseismic
surveys in the affected area starting from 1981 (e.g., [97,98]) until the work of Postpischl et al. (1985) [99]
in which the isoseismal maps of the 1980 earthquake were published in an Atlas.

Coburn et al. (1982) [100] described the typical forms of local buildings classifying them.
Furthermore, the type and damage level (4) analyzed in relation to building type, location, and ground
movement were also considered. The researchers found that local damage level correlated well with
both instrumental and spectral acceleration. Further analyses on both building damage and behavior
of (reinforced) concrete building (3) (e.g., [101–103]) were also performed in the following years.

Braga et al. (1982) [104] in order to define the damage probability matrices (DPMs) for the most
common types of buildings, performed a statistical study on damaged buildings in 41 municipalities
affected by the earthquake. The vulnerability assessment through the DPMs was tested for the first
time just after the 1980 earthquake, using the MSK-1976 as reference macroseismic scale. Moreover,
the same authors [105], based on their experience on damage survey after the 1980 event discussed
a quick method for damage assessment of dwelling buildings. The approach was aimed to setup
well-grounded policy for reconstruction.

More recently, other studies analyzed statistically large data set of damaged buildings allowing
deriving empirical fragility curve(s) (4) to define seismic vulnerability of classes of buildings. For example,
Rota et al. (2008) [106] derived typological fragility curves starting from a reanalysis of a set of about
150,000 survey building records related to postearthquake data on damaged building(s) (4) for the Italian
earthquakes of the last three decades. Recently, Del Gaudio et al. (2020) [107], in order to define fragility
curves, investigated a set of about 25,000 residential (reinforced) concrete building(s) derived from a
sample originating from the Web-GIS platform named “Da.D.O.” (Observed Damage Database) [108].

Within the subcluster, we find also research related to the microzonation studies of some towns
heavily affected by the 1980 earthquake (e.g., [109–112]). After the 1980 event, the new rules imposed
that general development urban plans had to be prearranged according to site conditions [109].
However, the first studies on microzonation came back to the early 1980s when the study on
seismic microzonation in the emergency phase were performed within the framework of the Italian
Geodynamics Project [113,114].
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4.3. Cluster 3 (Blue) (GRM)

The third cluster, in the topmost portion of the VOSviewer map, refers mainly to studies concerning
the estimations of seismic ground motion of 1980 earthquake and site effect analysis in localities hit by
the 1980 earthquake also using in situ geophysical surveys.

For example, Rovelli et al. (1988) [115], analyzing horizontal components of many accelerogram
related to moderate and strong normal faulting earthquakes happened in the Italian Central and
Southern Apennines, proposed a numerical simulation of seismic ground motion (9) peak values as
a function of the earthquake size, for seismic risk purpose. Bosco et al. (1992) [116] presented a
possible procedure to build artificial acceleration time histories (peak acceleration, response spectra,
and envelope curves of the acceleration time history) of bedrock motion consistent with records of past
events such as the 1980 Irpinia earthquake. Convertito et al. (2010) [117], using the Irpinia Seismic
Network and the 1980 earthquake data, developed a fast procedure to get ground-shaking maps in view
of damages and loss assessment for seismic emergency management in high seismic risk areas, such as
Campania and Basilicata. They found the approach useful to predict peak ground-motion parameters
of high-magnitude events regarding the attenuation relationship. Cultrera et al. (2013) [118] computed
hybrid shakemaps for the 1980 earthquake integrating recorded data with deterministic-stochastic
method, finding results different from the standard analysis, in the near-fault area, especially. They also
found an agreement between peak ground velocity (PGV)-derived Mercalli–Cancani–Sieberg (MCS)
intensities and the observed damage.

Nunziata et al. (2000) [119] simulated the seismic ground motion generated by the 1980 earthquake
in Naples adopting the hybrid technique based on the mode summation (7) and the finite difference method(s)
(6). The numerical approach was validated with the 1980 earthquake data recorded at a 10 km-away site.
The application to a sample area located in the eastern district of Naples, for which the basic data were
well known, allowed modeling the seismic response. Data showed the surficial cover as responsible
of an increase in the amplitudes of the signal as respect to the bedrock. Di Giulio et al. (2008) [120]
studied the variations of local seismic response for the entire urban area of Benevento (Southern Italy),
making a large use of ambient noise recordings, seismic, geological, and geotechnical data. The authors
also generated synthetic seismograms of moderate to strong earthquakes among which was the 1980
Irpinia earthquake, finding large amplification at soft soils. Maresca et al. (2012) and Maresca et al.
(2018) [121,122] analyzed the effects of surface geology on seismic ground motion in Avellino using HVSR
(horizontal-to-vertical spectral ratio) free-field peak frequency analysis, also correlating the data with
the 1980 urban damage pattern.

5. Statistic of Documents by Topics

A cross-correlated analysis of VOSviewer outputs with the two databases allowed analyzing the
total number of documents for each topic (Figure 7) as well as its trend over time (Figure 8). The analysis
was also made for the IR_BASE_IT database, consulting the records and manually associating them to
each of the cluster(s) identified by the IR_BASE_ENG analysis. Each figure reports data both for the
two databases taken separately and fused (SUM).

Figure 7 shows the total number of records for each topic(s), the last including also the records for
which an attribution was performed for more than one category. The highest number of documents
in IR_BASE_ENG is related to the study of the seismic source (SOURCE) for which 153 (29.9%
of 512 documents) documents were published. This follows the groups of documents relating to
earthquake secondary effects (ESE) with 88 papers (17.2%), BUILDRISK (84, 16.4%), DRR (52, 10.2%),
and GRM (34, 6.6%). Regarding IR_BASE_IT, the largest amount of records in the database is relating
to the BUILDRISK topic (32, 25.8% of 124 documents). Next, the documents relating to secondary
seismic effects (ESE), with 30 (24.2%) papers are present, followed by those concerning the study of the
seismic source (SOURCE, 25, 20.2%). What is more, the database includes only one document related
to the disaster epidemiology cluster (DEP).



Geosciences 2020, 10, 482 16 of 25
Geosciences 2020, 10, x FOR PEER REVIEW 16 of 26 

 

 

Figure 7. Total number of documents for each database and topic/(sub)cluster. 

  

0 20 40 60 80 100 120 140 160 180

SOURCE

ESE

DRR

DEP

BUILDRISK

GRM

OTHER

SUM (IR_BASE_EN and IR_BASE_IT) IR_BASE_IT IR_BASE_ENG

Figure 7. Total number of documents for each database and topic/(sub)cluster.

Looking at the SUM of the two databases, we can see that the relative frequencies of documents
in the topics reflect those of IR_BASE_ENG, so confirming that the scientific community addressed
efforts mainly in learning about the source mechanism, as discussed in the minireview of the previous
sections. Obviously, the two databases also include records that do not mirror the belonging to the
(sub)clusters/topics discussed in the previous sections. This is due to the thresholds used to build the
term map. These records amount at about 140 (OTHER). They can be referred to different studies such
as those on the geological and seismotectonic aspects of the epicentral area of the earthquake, research
relating to the study of precursors of the seismic events, papers concerning geotechnical phenomena
as well as those dealing with the social and demographic long-term impact of the natural extreme
event. However, in order to shed light on details of these research outcomes, further investigations
are required.

Figure 8, which should be read in conjunction with Figure 7, represents the temporal trend of
documents published yearly by each topic in both the databases (IR_BASE_ENG and IR_BASE_IT) as
well as in their joint one (SUM). For clarity, the SUM section also reports the number of documents
published yearly, which is directly proportional to the bar heights.
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From the three sections of the graph, one can see that for almost all the topics, the documents are
mainly distributed by the mid-1990s. In particular, the analysis of the SUM data for the SOURCE field
shows a temporal continuity over the entire 40-year long period, even if the number of documents
is decreasing over time, with as many as 64.0% of items published by 1993. There are two main
peaks, at 1990 and 1993. These can be explained by the works published for the meeting held in
Sorrento and the publication of the Annali di Geofisica Special Issue (see previous minireview sections,
SOURCE). There is less temporal continuity for studies relating to secondary seismic effects (ESE),
which show higher concentration in the first half of the 1980s (53.4% of documents published by the
year 1986), with special attention to 1981 (28 items, 23.7%). Studies relating to DRR display higher
frequency in the first half of the 1980s, but research also continued in the following decades, albeit in a
discontinuous way. Epidemiological studies (DEP) almost exclusively characterize the 1980s, because
of the predominantly empirical nature of the research. The BUILDRISK topic also shows a higher
frequency in the first half of the 1980s, with continuity throughout the following decades. The OTHER
studies cover the whole period under examination here, thus confirming that the 1980 earthquake was
a full-scale laboratory for investigating several and different aspects.

Due to the high statistical weight of the IR_BASE_ENG records (~80%) compared to the two
databases taken cumulatively, the temporal pattern of IR_BASE_ENG can be roughly overlapped
on that of SUM. Conversely, the documents of IR_BASE_IT are mainly distributed in the 1980s and
concern chiefly papers in the SOURCE (72.0%), ESE (70.0%), BUILDRISK (65.6%), and OTHER (62.1%)
topics. Furthermore, the publication of documents is markedly irregular and decreasing for the other
three decades. This can be explained by a greater propensity on the part of scientists to publish in
international journals for higher visibility of the research.

6. Conclusions

The paper has shed light on the scientific landscape related to the 1980 Irpinia-Basilicata
earthquake (Me=6.7 [1]; Mw=6.9 [123]) from its occurrence until now. In order to reach the aim,
the authors performed a tailored procedure to build two databases of both international and national
(Italian) studies.

Overall, in the almost 40-year period, about 640 documents were published, which cover each
year of the time window analyzed. Furthermore, research involved a high number of authors over the
years, confirming the high complexity of the natural event that involved many different competencies
by researchers.

Publications include studies on the seismic source, environmental effects, earthquake damage,
seismic microzonation, disaster response and recovery, disaster epidemiology, ground motion
estimations, and other research. Except for the epidemiological studies, which only cover part
of the 1980s and mid-1990s, the scientific outputs are concentrated especially in the 1980s and early
1990s. However, investigations characterized also other decades, the studies of seismic source especially,
which will probably be a leading research area in the coming years as well.

The study confirms that the earthquake was a significant occasion for the scientific community
to grow the knowledge on the seismic phenomena, as well as to learn lessons in view of setting up
preventive actions to mitigate the seismic risk.

Limitations

Three main limitations can be referred to this study. First, the unfeasibility to prepare all-inclusive
search queries to search for documents might have left out some relevant items. Second, the number
of oldest documents may be underestimated, for the 1980s, especially, due to the lower coverage of
the citation indexes as well as the frequent lack of abstracts that we found both in Scopus and in Web
of Science. This prevents the query from properly interrogating the mother databases from which
we extracted the 1980 bibliographic data. Third, the search for the building of IR_BASE_IT database
was performed only considering the document titles. However, overall, the documents retrieved and
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analyzed here can be considered as a reliable cross-section of the main research activities performed on
the Irpinia-Basilicata earthquake over time.

Author Contributions: F.T.G. conceived the work and mainly wrote the text. M.R.P. supported the building and
analysis of the two databases by bibliographic searches. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors wish to thank Rocchino Caivano, technician of IMAA-CNR (Research Area of
Potenza), for the searches of the bibliographic sources not available on the net by the Document Delivery service,
essential for the building of the two databases. We also wish to thank two anonymous reviewers for their helpful
suggestions, which allowed us to improve the final version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Search terms considered to interrogate Scopus and WoS. “November 1980” earthquake*; “1980
november 23”; “23 november 1980”; “november 23 1980”; “23rd November 1980”; “november 23rd,
1980”; “23-11-1980”; Irpinia* 1980; “1980 earthquake*”; 1980 earthquake* Italy; 1980 “South* Ital*
earthquake*”; 1980 Basilicata earthquake*; “Irpinia* earthquake*”; “Campania-lucania” earthquake*;
“Campania earthquake*”; “campania-basilicata” earthquake*; “irpinia* fault”; “strong earthquake*”
Italy; “large earthquake*” Italy; “large earthquake*” South* Apennine; Ital* 1980 “seismic event*”;
earthquake* “South* Apennine.”
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