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a b s t r a c t

This paper considers legacy data and data rescue within the context of geomorphology. Data rescue may
be necessary dependent upon the storage medium (is it physically accessible) and the data format (e.g.
digital file type); where either of these is not functional, intervention will be required in order to retrieve
the stored data. Within geomorphological research, there are three scenarios that may utilize legacy data:
to reinvestigate phenomena, to access information about a landform/process that no longer exists, and to
investigate temporal change. Here, we present three case studies with discussion that illustrate these sce-
narios: striae records of Ireland were used to produce a palaeoglacial reconstruction, geomorphological
mapping was used to compile a map of glacial landforms, and aerial photographs were used to analyze
temporal change in river channel form and catchment land cover.
� 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Geomorphology deals with the form of the Earth’s surface and
the processes that act upon and shape it. Landscape analysis within
geomorphology often involves an inductive approach to the cre-
ation of knowledge. The observation of a physical system can be
used as a basis for classifying sample sets of the environment
and then generalizing this complexity to a standardized theory
[3]. This mode of data acquisition and knowledge generation dates
back to at least the 1800s (e.g. [4]), although it was not until the
20th century that more sophisticated techniques for data collec-
tion and modelling evolved (e.g. [16]).

For the purposes of this paper, we start from the online Collins
English Dictionary (http://www.collinsdictionary.com) definition
of legacy as ‘‘something handed down or received from an ancestor
or predecessor’’ or ‘‘surviving computer systems, hardware, or soft-
ware’’. Within the context of data rescue, legacy data refers to data
that has been collected or compiled in the past. While geomorpholo-
gists may intuitively consider this to be 10s or 100s of years (or more)
old, we deliberately leave the definition wide and will return to the
implications of rescuing more recent data (1s of years).

One of the principle goals of rescuing legacy data is to allow re-
use of that information so that it may find utility in the future – so-
called downstream applications. The attendant risk is that the data
is lost and so the utility denied. Data may be stored in three forms:
(1) raw, (2) processed and (3) presented. In raw form, the data may
be as-collected (or subsequently processed) into a standardized
format. This is the most useful as it allows full access to, and use
of, the data. In a presented form (e.g. journal article), the data
may now be curated in order to illustrate the purpose of the origi-
nal work and so becomes less useful. For example, tabulation of the
latitude and longitude of the location of striae would be considered
raw data, whereas display on a map would be in a presented form.
It is noteworthy that journal articles from the 1800s were often
considerably longer than is current practice with the inclusion of
tabulated data common [30], although this trend is now being
reversed with the ability to include supplementary materials.

The storage format should also be considered when rescuing
legacy data. Analogue formats such as journal articles, maps and
handwritten notes are always accessible and therefore usable
(although they may require physical access or physical recovery
if there are no digital copies). However, an analogue to digital
transfer is required – dependent upon the data type, this will entail
varying losses in data fidelity (e.g. [20]). For example, transcription
of text would be expected to have high fidelity, whilst the scanning
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of satellite images, photographs, or maps would involve at least
some degradation from the original as-collected data.

As a result, for digital sources digital data is preferred over ana-
logue data as the original values are stored. However, this still
involves considerable risk concerning storage and re-use. In particu-
lar, the ability to read the format that the data is stored in and to
access the physical storage medium that the data is stored on. The
potential for short data lifespans is illustrated with the British
Broadcasting Corporation’s Doomsday Project (http://www.bbc.co.
uk/history/domesday/story). This ambitious project attempted
to digitally capture the essence of life in the United Kingdom and
present it as a multi-media archive. Yet within 15 years, the data
was inaccessible (http://www.theguardian.com/uk/2002/mar/03/
research.elearning) and required a range of rescue missions to both
access the physical media and recover the data.

Within geomorphology, there are three principle reasons for
using legacy data: (1) having access to past data in order to reuse
it for investigating fundamental processes. For example, this may
involve river discharge data from a gauging station in order to
re-investigate flow regimes; (2) to access an historical record of a
specific landform or process as recorded at a specific point in time.
For example, this might involve topographic mapping of a land-
scape prior to inundation during the construction of a reservoir;
and (3) in order to investigate temporal change in a phenomenon.
For example, the evolution of an earth slide over decadal time
scales or monitoring of land use change.

In this paper, we present three case studies that illustrate the sce-
narios outlined above and provide examples of data rescue that we
have been involved in. The first illustrates the use of historic records
of striae observations in understanding the dynamics of past glacia-
tions, the second demonstrates formal publication of drumlin map-
ping from the grey literature, and the third example shows how
historic aerial photography can be used to model changes in river
channel form and assess the extent of succession of catchment refor-
estation. The paper uses these examples to develop discussion
around the use of legacy data in geomorphology and, in particular,
the challenges facing the discipline going forward.

2. Case studies

2.1. Case study 1: historic striae data for palaeoglacial reconstruction

Within palaeoglaciology [1], geomorphological mapping is
commonly undertaken (e.g. [31]). These landforms encode infor-
mation concerning the dynamics and locations of former ice
masses [15]. Landforms can be either depositional (e.g. drumlins)
or erosional (e.g. striae) [1], or a combination of both; their mode
of formation allows the inference of the physical conditions neces-
sary for their formation and therefore the likely processes that
operated. Specifically for this research, striae are relatively shallow
(mm’s), and short (<1 m), scratches or grooves on a rock surface by
rock fragments embedded in the base of an overriding ice mass.

During a literature review of the former Irish Ice Sheet (IIS),
Smith and Knight [32] consulted the early work of the Geological
Survey of Ireland (GSI), who mapped hard rock and surficial geol-
ogy. This work formed the First Series (100-scale) of maps published
in the mid to late 1800s. It was noted that some maps contained
striae observations and that the accompanying memoirs often
tabulated individual measurements (e.g. [14]; Fig. 1). This historic
dataset potentially had value for understanding the IIS and was
therefore researched in further detail.

Striae observations are not equally distributed around the island,
in part due to the diligence and experience of individual field geolo-
gists. The information recorded in the memoirs varies, with at least
the general location, orientation, and a description listed. For many

observations, location was made with reference to the detailed Six
Inch scale (1:10,560) topographic mapping of the Ordnance Survey
(OS) First Series maps (first published in 1837), which the field geolo-
gists likely used for reference. Unfortunately, the map projections of
the First Series maps varied between counties in Ireland, adding an
extra layer of complexity to data reuse.

Initial compilation involved transcribing the original data tabu-
lated in the memoirs, totaling 2300 individual observations, before
georeferencing of the dataset was undertaken. The simplest and
most effective method of transcribing striae location involved
locating the observation on an original Six Inch map sheet and
identifying the same point on a modern 1:50,000 Ordnance
Survey of Ireland map sheet, and recording a 12 figure grid refer-
ence in Irish National Grid coordinates. This was undertaken at
the British Library (London, UK) which has a complete set of First
Series OS maps; this is notable as the data rescue of the striae mea-
surements required access to the OS maps, themselves a legacy
dataset.

In addition to the memoir data, an additional 1400 measure-
ments were transcribed from the GSI First Series maps, 600 from
published/unpublished literature, and 700 from modern GSI obser-
vations. There is likely some overlap between the mapped and
tabulated measurements from the GSI First Series maps, but they
have been included for completeness.

The final dataset was collated in a relational database with the
following fields:

1. Location: 12-figure Irish National Grid reference.
2. Source: full bibliographic reference.
3. Orientation: angle, in degrees, of striae.
4. Cross-cutting: record of relative age for striae that cross-cut one

another.
5. Locational Accuracy: qualitative measure of accuracy based

upon the source record and georeferencing.
6. Elevation: height (m OD Dublin) of the measurement extracted

from Shuttle Radar Topography Mission digital elevation model
(http://www2.jpl.nasa.gov/srtm).

Any use of secondary data should carefully consider the poten-
tial sources of error. This includes the accuracy of the original mea-
surements (location, orientation, and cross-cutting), any
transcription error in producing the original products, and then
any transcription error during database compilation and subse-
quent georeferencing.

The final outcomes of the project included the construction of
likely the largest single database of striae at over 5000 individual
observations. These were then used in the production of a new
map (Fig. 2) of observations [33] and subsequent use in the devel-
opment of a palaeoglacial model for the evolution of the IIS during
the Last Glaciation of Ireland [32].

2.2. Case study 2: drumlin mapping as a record of landscape

As noted in the first case study, glacial landforms can be used to
infer processes that occurred in the past, and therefore, the likely
dynamics and extent of former ice masses. Whilst striae encode
small scale directional information as a result of erosional pro-
cesses, suites of landforms that include deposition also persist in
the landscape and may likewise be used to infer the direction
and style of glaciation. They are formed at a range of scales and
are more easily identified and mapped (e.g. [2]). The proliferation
of remotely sensed data and its application within geomorphology
[34] has led to the mapping of large numbers of landforms
(>50,000) over regional and continental scales (e.g. [23,7]). Prior
to the availability of satellite imagery, field mapping [17] was the
predominant method for mapping landforms.
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