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Our understanding of where landslide hazard and impact will be greatest is largely based on our knowledge of
past events. Here, we present amethod to supplement existing records of landslides in Great Britain by searching
an electronic archive of regional newspapers. In Great Britain, the British Geological Survey (BGS) is responsible
for updating and maintaining records of landslide events and their impacts in the National Landslide Database
(NLD). The NLD contains records of more than 16,500 landslide events in Great Britain. Data sources for the
NLD include field surveys, academic articles, grey literature, news, public reports and, since 2012, social media.
We aim to supplement the richness of the NLD by (i) identifying additional landslide events, (ii) acting as an
additional source of confirmation of events existing in the NLD and (iii) adding more detail to existing database
entries. This is done by systematically searching the Nexis UK digital archive of 568 regional newspapers
published in the UK. In this paper, we construct a robust Boolean search criterion by experimenting with
landslide terminology for four training periods. We then apply this search to all articles published in 2006 and
2012. This resulted in the addition of 111 records of landslide events to the NLD over the 2 years investigated
(2006 and2012).Wealsofind thatwewere able to obtain information about landslide impact for 60–90%of landslide
events identified from newspaper articles. Spatial and temporal patterns of additional landslides identified from
newspaper articles are broadly in linewith those existing in theNLD, confirming that theNLD is a representative sam-
ple of landsliding inGreat Britain. Thismethodcouldnowbeapplied tomore timeperiods and/or other hazards to add
richness to databases and thus improve our ability to forecast future events based on records of past events.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Risk management decisions can only ever be as good as the risk as-
sessments uponwhich they rest. The United Nations Hyogo Framework
for Action on Disaster Risk Reduction (UN, 2005) identifies the develop-
ment and improvement of relevant databases as a key capacity-building
priority. In theparticular case of landslide risk, the limitations of existing
landslide inventories have been repeatedly highlighted as the greatest
source of error in the landslide susceptibility and risk maps used to
inform land-use planning and other mitigation measures (van Westen
et al., 2006; Fell et al., 2008). Better data are also important for estimat-
ing landslide damage functions and thus for assessing risk in the classic
sense of the combined probability and consequences of suffering
landslide losses (Fuchs et al., 2007; Quan Luna et al., 2011).

In Great Britain, landslides commonly occur due to physical factors
such as coastal erosion and maritime climate, particularly during very
wet seasons (Jones and Lee, 1994; Bromhead and Ibsen, 2006). Coupled
with vulnerability factors such as high population densities and high-
. This is an open access article under
value infrastructure, impacts from landslide events range from economic
losses and infrastructure damage, disruption, injuries and (less common-
ly) fatalities (Pennington et al., 2009). For example, in 2012 Great Britain
experienced the highest monthly rainfalls for the last hundred years in
many regions (Parry et al., 2013). This resulted in approximately five
times as many landslides as usually recorded (Pennington and
Harrison, 2013), impacts such as major transport disruptions, evacua-
tions and four fatalities (Pennington et al., 2015-in this issue). These
losses have peaked policy interest in better understanding landslide im-
pact and in developing a country-wide landslide hazard impactmodel to
forecast and thereby help prevent them in future (Met Office, 2013).

The principal source of data regarding landslide occurrence in Great
Britain, what causes them and the history of their impacts is the National
Landslide Database of Great Britain (NLD) (described in detail in
Section 2.2). The NLD is an archive of the location, date, characteristics
and impact of landsliding in the past, with records dating from the last
glaciation to present (Foster et al., 2008). First created in the early
1980s by Geomorphological Services Ltd, the NLD is now maintained
and constantly updated by the British Geological Survey (BGS) (Foster
et al., 2008). Since its creation, the strategies of data collection have
been variable, due to shifts in the underlying resources available, change
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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in available technologies and variation in the intended applications of the
database (Pennington et al., 2015-in this issue). The variation in the
methods and intensity of past data collection make it reasonable to as-
sume that there are additional landslide events to be found, andmore in-
formation to be added about existing landslides in the NLD.

In this paper, we present a method to increase the richness of the
NLD by searching a digital archive of 568 regional newspapers for
articles referring to landslide events. Our aim is not to 'complete' the
NLD, but rather to complement existing sources by providing more
and richer information about landslide phenomena in Great Britain. In
particular, we demonstrate the capacity of this method to enrich the
NLD in two ways: (i) adding records of additional landslide events not
previously documented in the NLD and (ii) supplementing currently
recorded NLD landslide event information, particularly about impacts.
As this method draws consistently upon an independent dataset,
comparing the results to the contents of the NLD can also provide a
way to assess potential bias in the NLD and enhance overall confidence
in its data. The method we present here could also be applied to
enhance understanding of other natural hazards, such as surface water
flooding, whose incidence and impacts are not systematically recorded
in existing datasets, particularly when examining records pre-remote
sensing (Moores and Rees, 2011; Hurford et al., 2012).

This paper is organised as follows: In Section 2, we discuss the
broader difficulties of producing landslide inventories and how these
relate to the NLD. We then consider the potential of newspaper articles
as a supplementary source of landslide inventory data and review
existing studies using this approach before introducing the particular
newspaper archive used in our research. In Section 3, we describe the
methodology we developed for searching and filtering digital archives
of regional newspapers to collect news stories about landslide events
and extract factual information from them to enrich the NLD. Then in
Section 4, we present results of our newspaper searches for two search
periods. In Section 5 we discuss the implications and uncertainties
of our methodology and how this methodology might be applied in
other contexts. In Section 6we summarise results and draw conclusions.

2. Background

2.1. Landslide inventories and databases

Detailed information about the nature of past events is important for
understanding, predicting and managing landslide risk (Guzzetti et al.,
2005, 2012). Van Westen et al. (2006) identify four basic types of
information about past landsliding needed to support risk assessment
and management:

(i) Inventories of landslides
(ii) The environment surrounding the landslide
(iii) What triggered the landslide
(iv) What elements are/were at risk.

Of the four categories given above, vanWesten et al. (2008) and Van
Den Eeckhaut and Hervás (2012) demonstrate that the first category,
landslide inventories, is themost important when considering potential
risk for the future.

Compiling such inventories is complicated by a number of factors, in-
cluding the following: (i) There are first order conceptual questions about
the definition of a landslide ‘event’ to be recorded as distinct from a land-
slide triggering event (e.g., an earthquake or heavy rainfall) (Kirschbaum
et al., 2010). (ii) Compared to other hazards (e.g., earthquakes or
extremes of temperatures), where we often have direct instrumental
measurements of the phenomena over a wide region (e.g., ground
motion, air temperature), landslide deposits (and associated erosional
surfaces) observed on the ground are the outcome of a set of interacting
processes (Guzzetti et al., 1999) that are rarely feasible to measure
systematically instrumentally. Consequently, to produce a landslide
inventory, one must actively search for them across a landscape, through
methods such as remote sensing and photogrammetry (Soeters and van
Westen, 1996), field investigations (Brunsden, 1985), public reporting/
interviews and archival research (Salvati et al., 2009) or a combination
thereof (Guzzetti et al., 2012). (iii) It can also be difficult to identify
and extract landslide events from public databases. For example, in
the UK the Highways Agency Road Impact Database, landslides do not
have a specific event code. Landslides and engineered slope failures are
sometimes noted in a free text field but are more commonly recorded
in their database of traffic disruption as "other" (Met Office, personal
communication, March 2014).

For the above three reasons, it is rare tohavedatabases of all landslides
that have occurred over a region within a given time period, and there
may be biases towards locations where humans are affected (Carrara
et al., 2003) or larger landslides that are more discernible in imagery/
field studies (Wills andMcCrink, 2002). The 'completeness' of an invento-
ry will also be affected by the time lag between the landslides occurring
and when they are inventoried, as smaller landslides may be eroded/
erased from the landscape within a few months of occurring (Malamud
et al., 2004; Bell et al., 2012). In a survey of 22 European countries that
have or are developing national landslide databases, Van Den Eeckhaut
and Hervás (2012) found that 68% of respondents estimated the com-
pleteness of their country's database to be less than 50%.

The above difficultieswith the completeness of landslide inventories
limit the quality and predictive power of landslide susceptibility assess-
ment (Galli et al., 2008). Consequently, landslide risk may be under or
overestimated depending on the completeness and homogeneity of
coverage of the landslide inventory.

2.2. The National Landslide Database (NLD) of Great Britain

The NLD is the most extensive source of information about British
landslide occurrence. A metadata description with examples of its
content can be found online at BGS (2014a). The NLD currently contains
over 16,500 records of individual landslides occurring between the last
glaciation and present day. For each landslide, more than 35 possible
attributes can be recorded (Foster et al., 2008; Pennington et al.,
2015-in this issue). These can broadly be categorised into:

(i) Landslide location (Latitude/Longitude and estimation of loca-
tional precision)

(ii) Landslide timing (date of occurrence or age)
(iii) Type of landslide (fixed categories)
(iv) Cause of landslide (fixed categories)
(v) Size of landslide (free text)
(vi) Impact of landslide (number of fatalities, number injured, cost and

other free text)
(vii) Geological setting of landslide (fixed categories).

Perhaps due to the somewhat episodic nature of landslide activity in
Great Britain, policy concern for landsliding has waxed and waned
(Gibson et al., 2013), as have resources for NLD data collection and
database maintenance, resulting in temporal and spatial variations in
database richness. The first national landslide database was initially
established in the early 1980s to raise awareness of the nature and
distribution of landslides for planning purposes at a local authority
level (Foster et al., 2012). As the method employed was a desk-based
review of secondary sources such as technical reports, theses, maps
and diaries (Jones and Lee, 1994), the spatial extent of records in the
original NLD were biased towards locations of human interest, such as
high impact landslides or 'classic' field study locations. During the
1990s, sources of revenue from the database were not large enough to
fund themaintenance and regular updating of the database and the pro-
ject wasmothballed. In the early 2000s, the Department of the Environ-
ment made the database available to the BGS, who over the next few
years devoted considerable effort to restructuring, quality controlling,
and supplementing this database into a more user-friendly and com-
mercially relevant resource (Foster et al., 2012). As of 2006, the NLD
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can be considered to be in its 'contemporary' phase, where information
about new landslide events is systematically recorded and added in
'live' (i.e., as and when the BGS hear about a landslide rather than
through periodical retrospective studies). In addition to landslides oc-
curring under natural conditions, since 2012 the BGS also records infor-
mation about failures in engineered slopes, as they often cause
considerable human impact (e.g., if a landslide occurs on a railway em-
bankment, this could cause transportation disruption).

Information about landslides is added to the NLD through a number
of primary and secondary research channels, which are described in
detail in Foster et al. (2012) and Pennington et al. (2015-in this issue).
These can broadly be separated into:

• BGS maps and archive documents (e.g., field notebooks)
• BGS field surveys/reports
• Academic literature (books, journal articles, student theses etc.)
• Aerial photography
• Searches of archive media documents (newspapers)
• Online keyword searches of current media sources (newspapers, radio,
television, internet)

• Personal communication (public, local authorities, land owners, utili-
ties operators)

• Keyword searches of social media (Facebook and Twitter) implemented
since August 2012

• Citizen science reporting via the BGS “report a landslide” web-portal
(BGS, 2014b) since 2009 and BGS Twitter profile (@BGSLandslides),
implemented in 2012.

From2008 to2013, the search of currentmediawhichhelps inform the
NLD, was performed by Meltwater (2014). Meltwater is a subscription
media monitoring service aimed primarily at assisting organisations to
manage their PR by scanning online media. They provided the BGS with
a daily report based on the results returned from an automated Boolean
search of a database of 190,000 online sources, including news, social
media and blogs (Meltwater, 2014). However, the actual sources searched
and how theymay have changed over time are commercially confidential.

With the rise of social media, Twitter has become, along with tradi-
tional media reports, a primary channel by which the BGS is alerted of
landslide events. Where possible, alerts are followed up via field investi-
gation or contact with affected groups/land owners, prior to inclusion
in the NLD. Pennington et al. (2015-this issue) estimate that the addition
of social media and inclusion of engineered slope failures since 2012, and
improved traditional media search strategies, have increased the number
of NLD additions per year by a factor of 10 compared to the start of the
contemporary phase (2006).

In the following sections, we describe the use of newspaper articles as
a source of information about landslide events, introduce the Nexis UK
archive of regional newspaper stories and discuss differences between
the current media search strategy used by the BGS and that of Nexis UK.

2.3. Newspaper articles as a source of information about hazards

Mass media is generally the first and primary source of information
about hazards for the public (Fischer, 1994). Yet, mass media is also
used by scientists and practitioners in the field of hazards in a number
of ways, with varying levels of depth of engagement with the media:

(i) First alert. A news articlemay be the first way a practitioner hears
that a hazard event has happened. From this first alert, s/he may
decide whether any follow-up is required (such as a field visit)
(e.g., GDACS, 2014; Public Health England, 2014; Pennington
et al., 2015-in this issue).

(ii) Archives (and scientific analysis of archives). Archives of news
stories about various events can be searched to create or add to
a database or inventory of hazard occurrence (e.g., Guzzetti
et al., 1994; Black and Law, 2004; Llasat et al., 2009; Kirschbaum
et al., 2010).
(iii) Documenting impacts.Media can be used as away of documenting
impacts of events from desk based studies, both at the time of
occurrence and through future updates/press releases and reports
(e.g., Tarhule, 2005 for droughts/floods, and Petley et al., 2007 for
landslides).

(iv) Public perception of risk.Analysis of the interactions betweenmass
media coverage and public understanding of hazards and risk can
be performed (Kasperson et al., 1988). For example, media cover-
age of a particular hazard can be assessed over time to understand
changes in how issues such as responsibility are framed (Escobar
and Demeritt, 2014) or assessing variation in interest in a partic-
ular story over time (Carvalho, 2007).

(v) Public communication. Information can be disseminated through
interviews and press statements (creation of media) (Peters
et al., 2008).

The use of newspaper articles as a proxy for records of various
hazards is not a new technique. In a review of proxy records, Trimble
(2008) lists examples of studies as early as 1932 using newspaper reports
to construct a record of major landslides occurring in Switzerland from
AD 1563 onwards (Heim, 1989 [1932]) and in 1946 using newspaper re-
ports to reconstruct a record of flooding in Utah (Woolley et al., 1946).
The technique is also well established in historic climate reconstruction
(Demeritt, 1991; Brázdil et al., 2005).

Raška et al. (2014) provide an overview of natural hazard databases
that use newspaper and other documentary evidence. For landslides,
perhaps the most cited national database is the Italian AVI project
(available online at CNR-GNDCI, 2014), containing records of N32,000
landside and N29,000 flood events, going back 1000 years, but with
most recorded between 1900 and early 2000, of which ~78% of the
information comes from newspaper reports (Guzzetti et al., 1994;
Guzzetti and Tonelli, 2004). More recently, the growing capacity to
search freely available digital archives of global newspaper reports
and online sources has prompted the construction of the Durham
Fatal Landslide Database, which is a global record of landslides triggered
by rainfall that have resulted in fatalities since 2004. For the seven year
period, 2004–2010, the database includes 2620 landslides, which re-
sulted in 32,322 fatalities (Petley, 2012). Other examples of landslide
databases using newspaper articles as a source of information include
Domı ́nguez-Cuesta et al. (1999) in the North of Spain, Glade and
Crozier (1996) in New Zealand, Devoli et al. (2007) in Nicaragua and
Kirschbaum et al. (2010) at the global scale.

There are clear biases in newspaper articles as a proxy for informa-
tion about hazards, such as an overemphasis on events with human im-
pact (Carrara et al., 2003), increased media interest following a number
of events (Pennington and Harrison, 2013), a focus on high magnitude
events or underreporting of low magnitude events (Guzzetti and
Tonelli, 2004) and scientific correctness of information (Ibsen and
Brunsden, 1996). Nonetheless, the regular publishing intervals (and
thus continuous record) (Raška et al., 2014) and relative ease and low
associated costs of performing a desk-based study means that analysis
of newspaper articles is widely seen as a useful complement to other
methods for building hazard databases. For example, in a review by
Tschoegl et al. (2006) of 31 major international, regional, national and
sub-national hazards databases, newspaper reports are used as a regular
and/ormajor source of records about hazard events in 10 of the databases.

2.4. The Nexis UK regional newspaper archive

In the last decade, there have been considerable advances in
the digitisation and indexing of archives of newspapers in the UK, for ex-
ample, The British Newspaper Archive (British Library, 2014) and The
Nineteenth Century Serials Editions (NCSE, 2007). Herewehave explored
the use of a digital subscription archive, Nexis UK (LexisNexis Academic,
2014), to add richness to the NLD. The archive was chosen due to its na-
tional scope, coverage up topresent day and the relative ease of searching.



Fig. 1. Flowchart showing the principal stages of the methodology to create a system-
atic search of Nexis UK regional newspaper articles and extract information about
landslide events to add to the richness of the British Geological Survey (BGS) National
Landslide Database (NLD). The steps denoted in letters and numbers (A1 to A5, B to
F) correspond to the steps identified in the text.
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The method described in the following sections could be applied to other
archives and extended back in time, as we will discuss in Section 5.

The Nexis UK archive of regional newspapers contains records of
the print versions of 568 newspapers from across the United Kingdom
(England, Wales, Scotland and Northern Ireland). For our purposes,
we focus on the information that can be extracted from them to enrich
the NLDwhich covers just Great Britain (England,Wales, and Scotland).

Whilst Nexis UK coverage is continuous from 1998 to present
(LexisNexis Academic, 2014), some selected newspapers have records
going back further, although Deacon (2007) cautions that there are
some small inconsistencies in how data have been archived. For storage
reasons, theNexis UK archive does not include any original photographs
from the news story, so some potentially useful information is lost
(Weaver and Bimber, 2008).

Although national newspapers are also archivedwithin Nexis UK, we
decided to focus efforts on UK regional newspapers rather than national
ones. By their nature, most landslides are local events with local impacts
that would be newsworthy at a local to regional level. Any landslides
large enough (or with extensive enough impacts) to make the national
news would most likely also be captured in the regional press.

At the time of undertaking this research, the BGS had already used
media sources (e.g., through Meltwater) to add information to the NLD.
However, there are distinct differences between the media sources used
by the BGS and the large archive of regional newspapers, Nexis UK, pro-
posed here. Although both sources are digital online services, Meltwater
is a record of online news, whereas Nexis UK is a record of printed
news. Even if both Meltwater and Nexis UK return records from the
samenewspaper, the content and length of the storiesmay vary. In an ex-
ample givenbyGreer andMensing (2006), a study comparing coverage of
a news story about genetic cloning across three national broadcast news
websites and three national newspaper websites, researchers found that
online news stories were generally 20–70% shorter, around 50% of stories
were written by newswire services (compared to 10% in print) and gen-
erally the websites contained fewer citations. It is not clear how many
of the regional newspapers included in Nexis UK database also have an
online outlet that is being searched by Meltwater, but it is clear that the
content may well differ between the two, and as we will show, the
Nexis UK database adds a large number of ‘new’ records of landslides to
the NLD.

3. Methodology

In this section, we present our methodology for searching the Nexis
UK archive of regional newspapers to enhance the NLD. This process
involves five major steps (Fig. 1):

A. Construct a set of Boolean search terms to query the Nexis UK archive
(outlined in sub-steps A1–A5).

B. Apply the search terms to obtain all articles from a given time period
to return a corpus of potentially relevant articles.

C. Skim-read each article from this corpus to identify those which are
relevant.

D. Identify whether relevant article refers to a landslide already recorded
within the NLD.

E. Extract and code relevant information from the relevant articles.
F. Pass information on to BGS for quality assurance, cross-checking and

NLD data upload.

3.1. Step A: construct search terms

Nexis UK returns newspaper articles based on a Boolean keyword
search (i.e., whether a word or combination of words does or does not
appear within an article). There were multiple criteria for the search:

(i) Maximise the number of articles about landslides in Great Britain,
particularly those that are lesser-known or unlikely to be recorded
in the NLD.
(ii) Minimise the number of false positives (e.g., articles where the
search terms appear in other irrelevant contexts such as “a land-
slide victory”).
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(iii) Ensure search terms capture any regional or temporal variation in
landslide terminology. For instance the Oxford English Dictionary
(OED Online, 2014) notes that landslip is used chiefly in British
English and thus would be a less appropriate search term for
other parts of theworld.Words also change over time, for example
the word “slough”. The OED notes one meaning for slough
(pronounced slaʊ) comes from old English and connotes soft,
muddy ground or mires, and another comes fromMiddle English
(pronounced slʌf, sometimes also spelled sluff) and meant outer
skin or peel. It was extended metaphorically by 19th century
geologists to describe the surficial material shed by engineered
embankments and steep scree slopes. In verb form the two
meanings come together, insofar as the sloughing of rock or soil
is usually down into a hole or depression.

Landslides are referenced using many different words by scientists,
practitioners and the public, thus we use several Boolean search
terms. To refine search terms satisfying the criteria listed above, five
sub-steps were completed within Step A:

Stage A1 Identify key landslide terminology from the sciences and the
media.

Stage A2 Apply search based on A1 for selected training periods.
Stage A3 Read through all resulting articles from Step A2. Identify land-

slide events and compare these to those already existing
within the NLD.

Stage A4 Identify any additional terms used to refer to landslides as well
as co-occurring words associated with false positives.

Stage A5 Incrementally add the additional search terms found in Step A4
to the existing search terms in A2 and re-apply search. At each
stage verify if any articles about landslide events are being
filtered out and/or a large number of false positives are being
added in.

3.1.1. Search term construction Stage A1 [identify key landslide terminology]
Key landslide terminology outlined by Varnes (1978) and Cruden

and Varnes (1996) were assessed, selecting the terms that are more
commonly used in the English language or styles of landslide particular-
ly prevalent in Great Britain (Table 1, highlighted in bold underline).
More commonly used terms known to be used in the British media
were added, based on previous BGS experience of searching media,
including “landslip”, “slope failure” and “slope instability”.

3.1.2. Search term construction Stage A2 [apply search based on A1 for
selected training periods]

To test the robustness of the combination of search terms from Stage
A1, they were applied to the Nexis UK archive of newspaper articles
over four sample training periods: 1–31 December for 2004, 2005,
2006 and 2012. Landslide events during December 2012 had a high
media profile, with events routinely recorded from national press and
socialmedia. During the years 2004 to 2006, ‘live’ data collection and re-
cording of events were not so systematic, in addition to engineered
slope failures and smaller events being rejected. These particular time
periods were therefore chosen in order to test semantic variability
Table 1
Landslide terminology for different styles of landslide in variousmaterials from the Varnes (197
terms we deemed to be more commonly used in the English language and/or styles of landslid

Rock

Fall Rockfall, rock fall
Topple Rock topple
Slide (rotational) Slump
Slide (translational) Block slide
Planar Rock slide
Lateral spreading Rock spreading
Flow Rock flow
over the range of the Nexis UK archive and to compare with and add
richness to the NLD.

3.1.3. Search term construction Stage A3 [read through all resulting articles
from Step A2 to identify landslide events]

Each newspaper article was skim-read to check whether it satisfied
the following criteria:

- Is the article relevant (i.e., related to the geomorphic process of land-
slides)?

- Is the article about a landslide 'event' (rather than general discussion
of landslides)?

- Is the article about a landslide event that occurred in Great Britain?
- Is it possible to roughly locate and date the landslide event (possibly
requiring further desk-based research)?

If any of the four criteria above were not satisfied, the article was
rejected and basic information about the article systematically recorded
(to allow future database interrogation). If all of the four criteria above
were satisfied, a search of all landslides already existing in the NLD
was performed to check whether the landslide was already recorded.
If the landslide was already recorded, the newspaper article ID was
linked to the NLD landslide ID as a potential source of more information
and confirmation. If the landslide event was not in the NLD, asmuch in-
formation as possible about the landslide was extracted from the article
and systematically recorded using the same structure as the existing
NLD (described in Section 2.2).

3.1.4. Search term construction Stage A4 [identify any additional search
terms]

All articles referring to landslides were read carefully to identify any
additional terms for landslides usedwithin the texts. This resulted in the
additions “cliff collapse” and “land movement”. Variations of “cliff
collapse” were also added in (“coastline collapse” and “cliff fall”). We
also identified co-occurring words associated with false positives
(i.e., articles about electoral rather than geologic landslides); all irrele-
vant articles were coded into themes, and key words selected based
on these themes tomodify the Booleanfilter to remove any articles con-
taining the words “elect” (or derivatives such as elected), “victory”,
“win”, “won”, “majority”, “submarine” and “porn”.

3.1.5. Search term construction Stage A5 [incrementally add the additional
search terms]

At each stage, the search of Nexis UK for the training periodswas re-
applied, and the resulting articles checked to verify that (i) no landslides
previously identified were now being filtered out and (ii) no large
number of false positives were being added in.

In this Step A5, constructing the final set of search terms used in the
rest of our research, therewere two caseswhere a large number of irrel-
evant articles were returned. The decision wasmade not to filter results
because this would inevitably filter out relevant articles. The first of
these was "cliff falls", which captured reports about people falling
from the top of cliffs as well as ones about the coastal cliff instability.
Given the semantic overlap between these two reporting themes, auto-
mated methods could not distinguish between them easily, so it was
8) and Cruden and Varnes (1996) classification system. Highlighted in bold underline are
e commonly seen in Great Britain.

Debris Soil

Debris fall Soil fall
Debris topple Soil topple
Single/multiple/successive Single/multiple/successive
Block slide Slab slide
Debris slide Mudslide, mud slide
Debris spread Soil spreading
Debris flow Mudflow, mud flow



Fig. 2. Number of landslide (LS) events found from the Nexis UK archive search for the
December 2004, 2005, 2006 and 2012 training periods that were: (i) only found in Nexis
UK (i.e., they did not already exist in the NLD) (solid purple), (ii) found in both the NLD
andNexis UK (hashed purple and orange); and (iii) found in theNational LandslideDatabase
(NLD) but not found in the Nexis UK archive (orange).
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decided to use manual ones instead. The second case included articles
about landslide events occurring abroad (e.g., following a typhoon or
earthquake in Asia). Nexis UK offers some additional search filters,
such as searching by geography (articles tagged as referring to a specific
country) and newspaper section (e.g., only returning articles in the
“News” or “Music” sections). However, we chose not to use these filters
as sample testing showed that regional newspaper articles are not
consistently classified in Nexis UK, therefore the results were too
limiting. Manual filtering was used to deal with articles from regional
newspapers in Northern Ireland, so as to only choose stories that
referred to landslides in Great Britain.

The final search terms that we used for all subsequent searches are
given below. This includes the use of Boolean logic (OR, AND, NOT)
and wild cards (*, !) to search for different derivatives of given terms
(e.g., landslide* returns the words landslide, landslided, landslides):

[landslide* OR landslip* OR slope failure OR rock fall OR rockfall
OR mudflow OR mud flow OR cliff fall OR slope failure OR slope
instability OR debris flow OR land movement OR cliff collapse
OR mudslide OR mud slide OR coastline collapse OR rock topple
OR debris slide AND NOT (elect! OR victory OR win OR won OR
majority OR submarine OR vote OR porn)]

Terms in bold underline indicate that if one instance of that term
appears, then the article will be flagged as a potential landslide relevant
article. Terms in italics indicate that if an article contains any of the bold-
underlined blackwords but also contains one of the italicisedwords, the
article will be filtered out of search results. * =wildcard of 1 character;
! = wildcard of 1 or more characters.

Fig. 2 shows results from applying the final search terms (Step A5,
Section 3) to the four training periods (Decembers 2004, 2005, 2006
and 2012). For the December 2004 and 2005 test periods, the NLD did
not have any records of landslide events, whereas 4 landslides were
identified in eachmonth using the Nexis UK archive. This demonstrates
the potential value of applying the method outlined here to enrich the
NLD for the period prior to 2006 period when the BGS entered its 'con-
temporary' phase of data collection. For the December 2006 test period,
the NLD contains records of 7 landslide events, 3 of which were also
identified in Nexis UK articles. In that month, we also detected 4 addi-
tional landslide events not previously recorded in the NLD, representing
a 57% increase in database entries for December 2006 by using theNexis
UK archive as an additional source of information. December 2012 was
part of a particularly wet season, resulting inmanymore reported land-
slides than usual (Pennington and Harrison, 2013). At the time of
performing this research, there were 75 landslides in the NLD for De-
cember 2012. Of these, 18 events were also identified in the Nexis UK
archive. We also detected an additional 6 landslides not recorded in
the NLD, increasing the total number of landslide events recorded for
December 2012 in the NLD by 8%. The decline between 2006 and 2012
in the proportion of landslides detected using the Nexis method but
not currently existing in theNLD, can be explained by the addition of so-
cial media as a source of information and the subsequent inclusion of
engineered slope failures in the database.

In December 2012, there appear to be proportionally more events
(57/81, i.e. 70%) in the NLD that were not found in Nexis UK than in
December 2006 (4/11, i.e. 36%). This contrast was investigated for the
December 2012 test period by examining the source of information
for each landslide event that was found in the NLD but not in the
Nexis UKnewspaper archive. Fig. 3 shows a breakdownof these sources.
The principal reason for these landslide events being in the NLD but not
Nexis UK was that they were reported in the media after 31 December
2012. There is good reason to expect that many of these December
2012 eventswould have been detected using theNexis UK archive, if in-
stead of searching for a single testmonth, the timehorizon for searching
had been extended to overcome this lag time between an event occur-
ring and a story being published about it. The second most frequent
reason that we found for landslides not being identified in Nexis UK is
the source being an online newspaper article from the Newsquest
Media Group. This group publishes some 300 local/regional newspa-
pers, but only the print version of many of these newspaper titles is
available to search in the Nexis UK archive. From our experience, the
content and frequency of publishing vary considerably between the
online and print versions. For instance, online news articles may be
uploaded daily, whereas the paper is printed once perweek, and neither
the online nor print version contain all stories of the other, leading to
discrepancies in the search results we generated using the Nexis UK
method and the media scans provided to the BGS for the NLD by the
Meltwater method.

There were a small number of cases where the source was available
in the Nexis UK archive, but the specific article was not. This was
confirmed by performing additional searches of Nexis using the title of
the article and just searching a specific source. This can sometimes hap-
pen with freelance or newswire stories where the newspaper does not
own copyright and cannot make it available for searching in Nexis UK
(LexisNexis Academic, 2014). The majority of the remaining landslide
events not identified in the Nexis UK archive search were from sources
not available to search in theNexis archive (e.g., socialmedia, websites).
None of the landslide events recorded in the NLD but not returned from
the Nexis UK archive appeared to be caused by filtering/errors with the
search terms. Although it is not possible to validate these results against
the 'true' number of landslides that actually occurred in Great Britain in
this period, it does appear that the search terms and method used here
has relatively good agreement with existing records in the NLD and is
also able to add richness by identifying additional landslide events.

We did not identify any particular regional or temporal variations in
landslide terminology. However, all test periods are relatively recent. It
is possible that if the search was applied to more historical archives that
spatial or temporal trends may appear in the landslide terminology used.

3.2. Step B: apply search terms

The search terms (Step A5, Section 3) were applied to two time
periods in theNexisUK archive: all articles published between 1 January
and 31 December for both 2006 and 2012. Once the searchwas applied,
all newspaper articles were downloaded and input into a database to
aid categorisation, creating a corpus of potentially relevant stories (see
Table 2 for the metadata recorded from two newspaper examples).



Fig. 3. Breakdown of sources for 57 landslide events noted in the British Geological Survey (BGS) National Landslide Database (NLD) but not in Nexis UK for the December 2012 training
period. Also included are the 29 landslide events that occurred in December 2012, but were not reported until after 31 December 2012.
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3.3. Step C: skim-read results

The title of each article was skim-read to ascertain whether it was
relevant. This is demonstrated in Table 2 where article 1 on Fleetwood
Mac is clearly irrelevant from the title and is thus rejected and
categorised as “I” (Irrelevant). If the title suggests the article could be
relevant, the full text was read to locate and date the possible landslide.
In some cases, further desk-based research was required to ascertain
whether the article truly referred to a landslide event or not. For
example, one newspaper article referred to a landslide but then further
described the event as “a building collapsed into a construction site”. In
such examples, desk-based research was undertaken to identify the
exact location of the event using tools including Google Earth time
lapse imagery, Google Street View, property websites, social media
and other online sources to identify whether this was a landslide, a
sinkhole, an issue with slope excavation or another type of event.

3.4. Step D: identify whether relevant article refers to event(s) in the NLD

As detailed in Step A3, if a relevant article contained enough
information to approximately locate and date, a search was performed
upon the existing NLD to see whether a record of the landslide existed.
If so, the article was linked by ID to that landslide event, creating
additional confirmation of this event and a potential source of further
Table 2
Examples of metadata for two newspaper articles returned from searching the Nexis UK archiv
depending on their relevance and whether they already exist in the NLD or not (N = No, Y =

Month,
year

Article
ID

Title Relevant? Article type Enough
info to
locate?

Landsli
in NLD

Dec-12 1 Don't stop? “Fleetwood
Mac will tour until we drop
dead” says Stevie Nicks

N I (irrelevant) – –

Dec-12 2 Great Christmas getaway
hit as signal failure causes
widespread disruption

Y LE (landslide
event)

Y N
information to be processed at a later date. Newspaper articles contain-
ing more precise information (e.g., improved spatial precision), were
used to update the original landslide event.

3.5. Step E: extract and code relevant information from the article

If the landslide did not exist in the NLD, as much information as
possible was extracted from the article and categorised according to
the BGS NLD pro-forma and a case-by-case judgement of the precision
of that information made. An example article is shown in Fig. 4.

4. Results

In this section, we present the results of applying the Nexis UK
search method to all regional newspaper articles contained in the data-
base published during the calendar years of both 2006 and 2012. In
Section 4.1, we present the overall results of the search before detailed
analysis of individual landslide events is undertaken. We then describe
how this method adds richness to the NLD through finding previously
undetected events (Section 4.2) and the addition of information to
existing events (Section 4.3). Finally, in Section 4.4, we discuss the pre-
cision to which this information can be estimated from newspaper arti-
cles. In Section 5, we will discuss the reliability of this information and
potential further applications of the method.
e of regional newspapers for articles published in December 2012. Articles are categorised
Yes).

de
?

Event
ID in
NLD

New event ID Full text

– – “Do not call it a comeback and don't even think of it as a
farewell tour. After more than four decades making
music and a 2010 tour, Fleetwood Mac will hit the …”

N_2012_DEC1 “…the express service made additional calls. In Lancashire,
trains between Liverpool and Manchester were diverted
because of a landslip near Warrington. Many…”



Fig. 4. Example of a newspaper article returned by searching the Nexis UK archive of regional newspapers for articles published in April 2012 and using the search terms given in Step A5,
Section 3.1.5. This article refers to a landslide event and gives approximate information about the date, location and impact of that landslide. Newspaper text courtesy of The Scotsman
Publications Ltd.
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4.1. Search results by type of article

The Nexis UK regional newspaper archive was searched using the
terms listed in Step A5, Section 3.1.5 for all articles published between
1 January and 31 December during 2006 and 2012. The initial search
(Step B, Section 3.2) resulted in 711 articles in 2006 and 1668 articles
in 2012. All articles were then skim-read and categorised into broad
types (Step C, Section 3.3), which are listed in Fig. 5. For both periods,
around 20% of articles were categorised as completely irrelevant
(i.e., false positives), and around 20% of articles were categorised as
“general landslide discussion”, meaning they referred to landslide phe-
nomena but were not specifically about any particular landslide event.

Broadly, there was a decline in the number of articles discussing
landslide events abroad (outside of Great Britain) and historical land-
slides (those occurring before 2006) between 2006 and 2012. This is
countered by an increase in the proportion of 'relevant' articles referring
to a landslide event occurring in Great Britain, which rose from 18% in
2006 to 42% in 2012. This is possibly due to the fact that 2012 was a
record year for landslides in Great Britain, resulting in increasing public
andmedia interest (Pennington and Harrison, 2013). There was also an
increase in the number of articles discussing landslide related policy in
2012. This is largely attributable to relatively unusual high-impact
events occurring in 2012, such as fatalities, region-wide railway delays
and repeated closure of stretches of road such as the A83 road at Rest
and Be Thankful (Scotland), resulting in questioning from the press
aboutwhat should be done to prevent landslides from a policy perspec-
tive. A similar effect has been noted in post-flood event coverage
(Escobar and Demeritt, 2014).

Relevant articles referring to landslide events in Great Britain were
then analysedmore closely to associate themwith particular landslides
and extract information about those events with which to enrich the
NLD in two ways:

(i) Adding landslide events not previously recorded in the NLD
(ii) Capturing more information about landslide events already in

the NLD.



Fig. 5. Number of newspaper articles returned by searching the Nexis UK archive of regional newspapers broken down by type (e.g., articles that are irrelevant, or those that contain
relevant information about a landslide event). (A) Results from 711 articles returned from the search of articles published between 1 January 2006–31 December 2006. (B) Results
from 1668 returned from the search of articles published between 1 January 2012–31 December 2012.
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In the following Section 4.2, we discuss these two ways of enriching
the NLD, starting with (i) additional events and their spatial patterning
before turning to (ii) the additional information that our method of
searching Nexis UK can generate about events already recorded in the
NLD.

4.2. Adding landslides to the NLD

Although using Nexis UK we found 268 news articles referring to
landslides not previously recorded in the NLD (for calendar years
2006 and 2012), many of these articles were referring to the same, rath-
er smaller, subset of events. Once this repetition in our corpus of articles
was accounted for, the final number of additions to the NLD was 39
events for 2006 (compared to 32 events already in the NLD) and 72
Fig. 6.Number of landslide events per month separated into (i) those already existing in the Bri
(ii) additional landslide events identified by searching theNexis UK archive of regional newspap
NLD: 32 landslides; additional landslides from Nexis: 39 landslides) and (B) 2012 (BGS NLD: 1
events for 2012 (compared to 178 events already in the NLD). This rep-
resents a 122% and40% increase in the number of landslide events in the
NLD for 2006 and 2012, respectively. We attribute these NLD additions
principally to more and different sources now being searched, along
with the majority of new landslides being relatively small in size and
thus only of interest to the community in the immediate vicinity.
Fig. 6 shows the number of additional landslide events per month for
both years. In both years, the seasonal temporal trend in number of
landslides per month is roughly the same: high landslide occurrence
in the winter, and also a peak in the mid-summer. The pattern in num-
ber of additions from theNexis UKmethod appears to vary between the
years. In 2006, the percentage increase in number of landslides added to
the NLD per month varies between 0% and 600% and there does not ap-
pear to be a strong relationship between the number of landslides
tish Geological Survey (BGS) National Landslide Database (NLD) (orange hashed bars) and
ers (purple solid bars). Shown are results for 1 January to 31 December for: (A) 2006 (BGS
78 landslides; additional landslides from Nexis: 72 landslides).
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already in the NLD and the number of additions. Whereas in 2012, the
percentage increase in number of landslides per month varies less
(11%–300%) and appears to be weakly linked to the number of land-
slides already in the NLD for a given month. This suggests that the 'con-
temporary' phase NLD is a reasonably representative sample of the
temporal patterns of landsliding in Great Britain and that the BGS's de-
velopment of search methods has been effective. Moreover, these re-
sults suggest that there is no strong bias for the month landslides are
reported in by themedia (e.g., in the summermonthswhen there is rel-
atively little political news), although testing of more years of data
would be required to confirm this.

Fig. 7 shows separately for 2006 and 2012, the spatial distribution of
landslide events already recorded in theNLD at the timeof this research,
and additional landslides added based on Nexis UK news coverage. The
pattern in both years is broadly similar, suggesting no shift over time in
the detection biases of this method. The distribution of events previous-
ly recorded in the NLD roughly matches that of the additional events
detected from the Nexis UK regional newspaper archive but not yet
recorded in the NLD. In both 2006 and 2012, both NLD and Nexis UK ar-
chive landslides are clustered in the SouthWest of England, with small-
er clusters in the North West (Yorkshire Dales), North Wales and the
Highlands of Scotland; these areas of significant activity can be directly
related to rainfall patterns and topography.

In Fig. 8 we show the spatial distribution of the combined landslides
from 2006 and 2012, again for both landslides in the NLD at the time of
this research, and additional landslides from Nexis UK, overlaid on
a map of landslide susceptibility created from records within the NLD
(BGS, 2014c). Broadly, the spatial extent of additional landslides
correlates with regions of medium to high susceptibility in the existing
susceptibility map.

4.3. Capturing more information about landslides

As well as adding new landslide events to the NLD, the corpus of
relevant stories generated by searching Nexis UK was also mined to
enrich the NLD by capturing additional information about landslide
events. As noted in Section 2.1, the existing BGS pro-forma records
N35 attributes (Foster et al., 2008).

For ten landslide events (five in 2006 and five in 2012), additions
and amendments were made to the records already in the NLD based
Fig. 7. Spatial distribution of landslides occurring 1 January to 31 December in (A) 2006
and (B) 2012. For both (A) and (B), landslides are separated into (i) all landslides that oc-
curred in 2006 and 2012 that already existed in the NLD at the time of this research (open
circles) (n=32and n=178 for 2006 and 2012 respectively) and (ii) additional landslides
identified by searching the Nexis UK archive of regional newspapers (cross symbols) (n=
39 and n = 72 for 2006 and 2012 respectively).
on information included inNexis UK articles. This includedmore precise
dates and locations and additional impact information. Moreover, there
are now 55 and 500 additional newspaper articles from Nexis UK for
2006 and 2012 respectively that are linked to individual NLD landslide
event entries by ID, acting as additional confirmation for that event
and a potential source of further information to bemined at a later date.

Fig. 9 shows a breakdown of the type and/or availability of informa-
tion available from newspaper articles for each additional landslide
event identified from the Nexis UK search (n = 111), compared to the
types of information available from a subset of the NLD (from 2006–
2013, n = 471 at the time of doing this research). Newspaper articles
are a good source of information for landslide date, approximate loca-
tion and description of impacts. However, newspaper articles rarely
contain more 'geotechnical' information such as the type of landslide,
trigger and size. Elliott and Kirschbaum (2007) highlight the difficulty
in classifying the type of landslide. Generally, landslide type classifica-
tion was only possible from the articles in the Nexis UK archive for
rock falls, which can be attributed to the relative simplicity of descrip-
tions of large boulders rolling/detaching versus themore visually subtle
difference between a planar/rotational slide.

Fig. 9B shows that a trigger for a given landslide event could be iden-
tified from newspapers in less than half of cases. Typically the only trig-
ger that could be inferred from an article was heavy or prolonged
antecedent rainfall, which articles often described. Our findings based
on newspaper articles are broadly consistent with the NLD, which indi-
cates that 63% of landslide events in the NLD in Great Britain were trig-
gered by rainfall. It seems likely that many of the landslides from the
Nexis search method missing this triggering information were quite
possibly triggered by rainfall.
Fig. 8. The spatial distribution of landslides that occurred 1 January to 31December in both
2006 and 2012 overlaid with a map of landslide susceptibility produced at 1:50,000 scale
(BGS, 2014c). Landslides are separated into (i) all landslides that occurred in 2006
and 2012 that already existed in the NLD at the time of this research (open circles)
(n = 210) and (ii) additional landslides identified by searching the Nexis UK archive
(crosses) (n = 111).



Fig. 9. Type and/or availability of information for each additional landslide event from theNexisUKarchive for 1 January to 31December of 2006 and 2012 (n=111), compared to the type
and/or availability of information available for subset of landslide events alreadyexisting in theBritishGeological Survey (BGS)National LandslideDatabase (NLD) for the eight year period,
2006 to 2013 (n= 471 at the time of this research). (A) Type of landslide using fixed categories based on the Varnes (1978) and Cruden and Varnes (1996) classifications. (B) Trigger of
landslide (fixed categories defined by the BGS). (C) Whether any information is available about the impact of the landslide (e.g., fatalities, injured, or other free text). (D) Whether any
indication of the landslide size is given (predominantly free text). Panels C and D are presented as binary categories due to the predominantly free-text nature of these data fields.
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Newspapers could also be mined for information about the im-
pacts and size of landslides. As these are primarily 'free text' rather
than categorical fields in the NLD, results are presented in binary
terms of whether information was present or not. Fig. 9C highlights
the relative success of extracting landslide impact information from
newspaper articles. As mentioned previously, this is most likely
due to preferential coverage of landslides that have caused human
impact over those that have not. Fig. 9D illustrates that landslide re-
cords both from the NLD and newspapers rarely contain information
about the size of landslides. Where this information was available, it
was generally quoted as a weight in tonnes. Some articles would
state the size of a landslide qualitatively (e.g., “small” or “large”), but
we did not use these classifications on the grounds that landslide size
varies by many orders of magnitude (Stark and Hovius, 2001; Malamud
et al., 2004), and truly larger landslides are very rarely seen in Great
Britain. Thus, a 'large' landslide to a British journalist may represent a
relatively small landslide based on globally observed frequency–size
statistics, and even in other British regionsmight be considered 'medium'
or 'small'.

4.4. Assessing the precision of information found using Nexis UK

Theprecision towhich each landslide event can bedated and located
from newspaper informationwas estimated for all additional landslides
identified from the Nexis UK archive. Spatial precision (S) is expressed
in metres as a radius from the point location (of a given landslide
event) given in the database. Date precision (D) is expressed as the
amount of time either side of the date given in the database in which
the landslide could have occurred. This is generally recorded in catego-
ries with increasing units of time (day, week, month, quarter, year).
Fig. 10 shows frequency–size plots for the spatial and temporal
precision respectively. Approximately 30% of landslide events already
existing in the NLD include an estimate of the spatial precision
(Fig. 10A). Results are reasonably similar for the 2006 and 2012 periods.



Fig. 10. Frequency density plots of precision of landslide information available fromNexis UK newspaper articles, compared to landslides that already exist in the British Geological Survey
(BGS) National Landslide Database (NLD) that occurred between 2006 and 2012 (where data exist). (A) Frequency density of spatial precision of landslide (x, y) location (S, defined as a
radius surrounding that point inwhich the landslide is estimated to have occurred). Estimates of spatial precision are also available for approximately30% of entries in theNLD, shownwith
triangle markers. (B) Frequency density of temporal precision of calendar date estimated to be when that landslide occurred (D) measured in days. This estimate of D is not included in
existing NLD entries.
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In both cases the spatial precision of landslide events from the Nexis UK
archive is slightly poorer than those landslides already existing in the
NLD; in the NLD, the spatial precision peaks at a 100 m radius from
the point location of a landslide event, whereas for the Nexis UK, the
spatial precision peaks at a 1000m radius. The date precision (D) of ad-
ditional landslides identified from the Nexis UK archive is generally
good (Fig. 10B), with 45% of landslides dated to within 1 day of occur-
rence and 65–75% of landslides dated to within 1 day to 1 week of oc-
currence. We hypothesise that this is attributable to a generally short
lag between event occurrence and reporting (whilst the event is of pub-
lic interest).

In Fig. 11, boxplotswere used to show the time lag inweeks between
a landslide event occurring (estimated fromarticles) andbeing reported
in Nexis UK newspaper articles, classified by the dating precision of that
landslide (see figure caption for details). For landslides where dating
precision was within 1 day, the median time lag between the event
and reporting is 2 days. For landslides dated within 1 week, month
Fig. 11. Boxplot of time lag (T) betweenwhen landslide is estimated to have occurred andwhen
from the Nexis UK archive in 2006 and 2012. Lag is separated by the estimate of temporal prec
dated towithin oneday of occurrence, the time lag ismeasured in number of days between occu
the time lag is expressed in number of weeks between occurrence and publication. Boxplot wh
and quarter, the median lag is equal to 1 unit of that time period. For
landslides identified in both newspapers and the NLD, an estimate of
the date precision is not available, but the median time lag for all
these events was 2 days.

5. Discussion

In this paper, we have demonstrated that searching digital newspa-
per archives is an effective and robustmethod for adding richness to the
NLD. In particular, the search methods we developed were consistently
successful in:

(i) Adding previously unrecorded landslide events to the NLD for all
but 1 month of the 24 months analysed (Fig. 6, Section 4.2).

(ii) Adding further confidence to many of the existing landslide en-
tries in the NLD by adding additional sources of information
(Fig. 2, Section 3.4).
it was reported (based on article publication date) for the 111 landslide events identified
ision (D) for each landslide and expressed in units of x. For example, if a landslide can be
rrence andpublication. Similarly, if a landslide can be dated towithin aweek of occurrence,
iskers represent the full range of the data for each category.



64 F.E. Taylor et al. / Geomorphology 249 (2015) 52–68
(iii) Augmenting the information recorded for landslides in the NLD,
particularly about their impact (Fig. 9, Section 4.4).

With this proof of concept test, it should now be possible to apply
our method to enrich NLD records of historic landslides occurring
throughout the period covered byNexis UK.Moving forward, our search
terms could also be applied to supplement the existing sources of infor-
mation used to alert of BGS of landslide events. This would provide the
BGS with a relatively rapid method of 'reconnaissance' to guide whether
further investigation (e.g., contact with council/land owner, site visit,
remote sensing) may be required.

The most successful element of this work was the addition of land-
slide events to the NLD. This has resulted in a 122% increase (for
2006) and 40% increase (for 2012) in the total number of landslide
events recorded in the NLD. The spatial and temporal distribution,
types and triggers for these additional landslides recorded using this
method are consistent with existing understandings of landslide sus-
ceptibility in Great Britain. These additional landslides also agree broadly
with those already recorded in the NLD, which by definition is a ‘patch-
work' of methods and efforts devoted to data collection strategies
(Foster et al., 2012). This agreement provides a basis for added confi-
dence in theNLD as a representative sample of contemporary landsliding
in Great Britain, which looks to be growingmore complete over time. No
single resource will ever provide a complete record of recent landslide
events, as events in rural or coastal areas with no impacts are likely to
stay unreported, but this research reassures and enhances the current
spatio-temporal record. The increasing proportion of events recorded
in the NLD relative to those identified from the Nexis UK search high-
lights the influence of evolving data search-and-capture methodologies.
Access to more social media resources, systematic processing and the
adaptions of rules regarding the addition of smaller and engineered
slope failures has greatly enhanced the ‘live’ recording of events
(Pennington et al., 2015-in this issue).

Beyond this immediate application to enriching the NLD, our paper
has wider aims. By outlining in detail a clear methodology for develop-
ing and applying Boolean operators for searching digital archives of text
data, we have provided earth scientists with a guide for exploiting the
new sources of data about earth system processes opened up by the
‘digital humanities’ and projects like the British Newspaper Archive,
which is scanning the vast holdings of historic newspapers held by the
British Library to make them available for online searching (British
Library, 2014). Following the systematic approach we have described
in the paper, it should be possible to develop terms for searching
these and other digital archives in order to (i) enrich the records of
historic landslides held in the NLD and other landslide inventories
(ii) develop similar databases for other hazards.

As with any method, there are uncertainties and biases involved
in using such an approach, which we discuss in Section 5.1 along
with ways of overcoming them. We then go on (Section 5.2) to dis-
cuss how the bias towards events impacting humans could actually
be useful in providing a rich source of data for quantifying the costs
and other societal impacts of landsliding. In Section 5.3 we go into
more detail on how others might extend this research by applying
to longer time periods and in its own rights adopting a more auto-
mated approach.

5.1. Uncertainties and biases related to the method

Whilst searching newspaper archives offers an effective, relatively
low cost method for gathering additional data about landslides and
other natural hazard events, there are inevitably uncertainties and lim-
itations to be considered. First, it requires subjective expert judgement
to translate journalistic text into the data fields of the NLD. Sometimes
relevant information is not explicitly within the news article, but can
be inferred, and such inferences can vary between operators (Devoli
et al., 2007). In our case, we explicitly used two different people to
search the Nexis UK regional newspapers and a one-day training period
was performed to ensure consistent interpretation of results. Such
‘investigator triangulation’ is a well-established method for ensuring
the robustness of qualitative research in social science (Baxter and
Eyles, 1997).

Second, there are also systematic biases in media coverage that
affect its use as a source of landslide inventory data. Media coverage
tends to focus attention on large or ‘novel' events and those with
human interest (Moeller, 2006; Allan et al., 2013) such as an impact
on society (e.g., in the UK, road diversions, rail delays, homes being
demolished or the closure of coastal footpaths). Also, whilst landslide
events are relatively unusual and therefore generally newsworthy,
media attention depends on perceptions of salience and if a small land-
slide occurs on the sameday as a large election, the landslidemay go un-
reported, whereas in a period of major landslide impacts (as observed
in Great Britain in 2012), landslides may rank high in public interest
and receive proportionally more coverage due to an availability bias
(Pennington and Harrison, 2013). Thus, although the search strategy
used here is systematic, the database we are searching is not a spatially
or temporally homogeneous record of events.
5.2. Obtaining information about landslide impact from newspapers

By their very nature, newspaper articles primarily report on “land-
slides with consequences” (Guzzetti et al., 2003). In a major review of
news coverage of disaster events, Quarantelli (1996) found that individ-
ual newspapers tend to report on average 90 stories about a particular
disaster event, and are most active in the post-event period, providing
analytical coverage, resulting in a rich source of information about im-
pacts. In Fig. 9C, we showed that just over 50% of landslide events in
the NLD from 2006 onwards contain some information about impact,
whereas 60–90% of landslide events identified from theNexis UK archive
contained impact information. Moreover, we found examples of longitu-
dinal reporting of impacts, such as one newspaper article at the time of
the event and another article a fewmonths later reporting the remedia-
tion works undertaken.

One challenge in compiling records of landslide impacts is defining
categories by which impact can be measured. For example, Guzzetti
(2000) uses a measure of the number of annual fatalities caused by
landslides, Klose et al. (2014) put forward amethodology formeasuring
the impacts of landslides in economic terms, and Guzzetti et al. (2003)
quantify the impact at a regional scale on population, transportation
and properties. Schuster and Highland (2003) also note that very few
studies consider the impact of landslides upon natural, non-human
environments. Because of these difficulties and discrepancies in recording
past events, there are few examples in the literature of robust, large-scale
forecasting of the impacts of landslides.

Due to the original design and intended research purposes of theNLD,
the existing categories in the NLD for recording the impacts of landslides
were found to be somewhat insufficient for capturing the rich variety of
information available in newspaper articles (see Section 2.2 for a descrip-
tion of categories).Whilst there arefields for number of fatalities, number
of persons injured and cost, other impact information is largely recorded
as free text. After analysis of Nexis UK articles from 2012 was complete
and additional events and information added to the NLD, the list of im-
pact information (for both landslides already existing in the NLD and ad-
ditions from Nexis UK work) was organised into broad categories, which
provide a first indication of the main types of impact observed in Great
Britain in a particularly severe year. Fig. 12 shows an infographic of the
principal types of impact observed — although it has been noted that
the majority of landslides that occurred in 2012 were small shallow fail-
ures and in the coming years there may be different types of impact
caused by larger, deep seated landslides that have a longer lag time
between rainfall and triggering. Nonetheless, this impact information
from 2012 now provides a baseline for comparison to other hazard
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impact data recording structures (see de Groeve et al. (2013) for a recent
review).

Although there is clearly potential to further mine newspaper
articles for information about landslide impacts, there are biases
such as overestimations, selective coverage and errors in interpreta-
tion of impact that must be taken into account (Freudenburg et al.,
1996; Quarantelli, 1996). Typically, this would be countered by
using the statements made from a range of articles. Such ‘source
Fig. 12. Infographic of themain types of impacts caused by landslides inGreat Britain in 2012. Da
(NLD) and additional events added in from searching theNexisUK regional newspaper archive.
chaotic impacts.
triangulation’ is well accepted in the social sciences for dealing
with these problems (Baxter and Eyles, 1997). However, due to
their local nature, we found that 65% of landslide events were report-
ed in only one article and where the event appeared in multiple
articles, the information contained was often repeated verbatim.
Nevertheless, newspaper reports can act as a near-real time alert
that an impact has occurred and may need to be further investigated
(Petrucci et al., 2010).
ta from landslide events in theBritishGeological Survey (BGS)National LandslideDatabase
Thefinal category (WW2ordnance deposited onbeach) represents othermore irregular or
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5.3. Potential extensions to the method

As already described above, we are not the first to use newspaper
articles as a source of information about landslide events. Newspaper
have also been successfully drawn on as a major source of information
about historical events (e.g., Guzzetti et al., 1994; Elliott and
Kirschbaum, 2007; Petley, 2012) and to supplement other landslide in-
ventories (e.g., Miller et al., 2009; Pradhan and Lee, 2010). Although
these studies have undoubtedly beenperformedwith attention to detail
and in a systematic way, there is relatively little discussion within the
literature of the detailed process of constructing a robust search strategy
with the aim of capturing as many relevant articles as possible. It is
hoped that by detailing themethodological steps involved and address-
ing related issues of uncertainty, this paperwill make it easier for others
to apply this method. We now discuss three potential extensions to the
method we have explored in this paper: (i) extend archival searching
farther back in time, (ii) increase speed and automation of the archival
searching, and (iii) extend archival searching method for landslides to
other countries or other hazard databases.

(i) Extend archival searching farther back in time.
To produce high quality landslide susceptibility maps and broadly

have a good understanding of the landscape setting in which landslides
occur across a region, we often require multi-temporal inventories of
landslides, extending back over a number of decades. This is an issue
for retrospective studies, as many landslides (particularly smaller ones)
are 'erased' from the landscape via erosional processes within a few
months to years (Malamud et al., 2004; Bell et al., 2012). Thus, to pro-
duce historical inventories, we often rely on records of landslides from
proxy sources. Indeed, in perhaps the best example of a long-term
(~90 years) archive of landslide events (The Italian AVI Project), over
60% of records of landslide events come fromnewspapers, and the others
from reports and interviews (Guzzetti et al., 1999). Other examples in-
clude a database of historical landslides occurring in Utah from 1850 to
1978 (Elliott and Kirschbaum, 2007) and landslides occurring before
1990 in Nicaragua (Devoli et al., 2007). Although the Nexis UK archive
only extends back to 1998, there have been many advances in the
digitisation, character recognition and compilation of historical UK
newspaper sources going back considerably further, suggesting that
this method could be applied to much longer time periods to gain a bet-
ter long-term understanding of landslide phenomena. For example, the
British library has been undertaking a project to digitise its archive of
newspapers extending back to 1800 (British Library, 2014). It is likely
that the search terms listed in Section 3 would need to be adjusted to
take into account historical variations in terminology, but this presents
an opportunity to gain further insight into landsliding in Great Britain
over a relatively long timescale.

(ii) Increase speed and automation of the archival searching.
There have been considerable developments in the field of auto-

mated newspaper content analysis using computers to identify the
meaning of sentences within a text and extract information into a
database; and this has been applied to fields such as political science
(van Atteveldt et al., 2008; Hopkins and King, 2010), economics
(Sprenger and Welpe, 2011) and the policy dimensions of environ-
mental phenomena such as hurricanes (Soroka et al., 2009) and cli-
mate change (Kirilenko and Stepchenkova, 2012). This could be of
use to more rapidly process the large number of articles returned
and retrospectively populate the database over longer time periods,
particularly in countries where a large number of landslides occur
annually. There are questions, however, about how easily this auto-
mated approach could be adapted to the creation of landslide event
databases due to the indirect descriptions of events and the need
for additional research to extract information (discussed in
Sections 5.1 and 5.2). There have been considerable advances in the
ability to automate searches of large volumes of social media, so it
is possible that now robust search terms have been developed, it
may be possible to apply a more automated approach to the task.

(iii) Extend archival searching method for landslides to other countries or
other hazard databases

The issues of database completeness are not specific to the field of
landslides in Great Britain. As mentioned in Section 2.1, Van Den
Eeckhaut et al. (2012) found that the majority of European countries
that maintain landslide databases estimate the completeness to be
around 50%. At a global level, Guzzetti et al. (2012) estimated that
only around 1% of slopes have associated landslide inventory maps.
Yet, detailed, systematic, well-produced landslide inventories are fun-
damental in both applied risk analysis (e.g., Harp et al., 2011) and scien-
tific research (e.g., Malamud et al., 2004). Indeed, it is acknowledged
across many hazard-related disciplines that database incompleteness
is an issue, and various proxy records have the potential to fill some of
the gaps in our knowledge. Examples include Stucchi et al. (2004) for
seismology, Barredo (2007) for flooding and Blackford and Chambers
(1991) with respect to climatology.

The method outlined in this paper has demonstrated a good ability
to identify small landslides that might otherwise be missed by other
methods of inventory production, historical landslides that may have
been erased from the landscape and more generally, detailed accounts
of hazard impact. The search terms outlined in Step A5, Section 3
could be applied 'as is' to the remaining years of the Nexis UK archive
(1998 to present), andperhapswith some further verification of tempo-
ral variations in terminology to the British Newspaper archive, which
dates back to the 1800s (British Library, 2014). The Nexis archive also
contains material from many countries across the globe, and has a
similar level of coverage for France, Germany and the Netherlands
(LexisNexis Academic, 2014). By clearly outlining the steps involved in
search terminology experimentation (Fig. 1), this method can now be
applied broadly to other countries or other hazards to create robust,
systematic inventories of hazard information from newspaper articles.

6. Conclusions

This paper has set out a method to construct a set of Boolean
terms and systematically search the Nexis UK archive of 568 regional
newspapers for information about landslide events in Great Britain.
When applied to all newspaper articles published in 2006 and 2012,
this method added richness to the existing National Landslide Database
(NLD) in three ways: (i) Additional landside events were added that
had not previously been recorded in the NLD, resulting in a 120% and
40% increase in the number of documented landslides in Great Britain in
2006 and 2012 respectively; (ii) NLD records of landslide events were
augmented, by populating more fields of information and also providing
additional sources of confirmation tomany events, thus increasing the ro-
bustness of the database; and (iii) Landslide impact information could be
obtained fromnewspaper reports. There are some issueswithuncertainty
and inhomogeneities in media coverage of hazard events, which require
caution. This method should be considered as supplementary tomore ro-
bust methods of landslide database production (such as field investiga-
tion and remote sensing). Nonetheless, this method represents a
relatively quick, low-cost way of identifying events that may require fur-
ther investigation. In explicitly outlining the steps involved in creating a
robust, systematic search, we hope this method can be applied to other
landslide and other hazard databases (such as flooding) to increase the
richness of past records and thus improve the ability to forecast future
events.
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