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Ships’ logbooks are now an accepted part of the repertoire of data sources in climate change studies. This article exami-
nes some of the particular issues surrounding logbooks from the Arctic region in the so-called pre-instrumental period.
Attention is given to the means by which narrative descriptions of wind, weather and sea ice cover can be reliably
expressed in index form. Consideration is also given to the various means by which these data can be most effectively
managed for scientific analysis as in most cases they were not recorded for such purposes. Many such logbooks remain
yet to be digitized and the methods described here can be applied with equal confidence in future through such under-

takings using English language documents.
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Introduction

In 2008, the Leverhulme Trust awarded a research
grant to a consortium headed by the University of
Sunderland. The principle objective of the exercise
was to extract daily weather data from the logbooks
of British whaling ships and of vessels in the service of
the Hudson's Bay Company (HBC) for the period
1750-1850. These data were then to be expressed in
a form that could be readily used by climate research-
ers and made available through an accessible website.
An overview of this, the so-called ARCdoc project, can
be found at http://arcdoc.wordpress.com. The project
was one of source identification, data gathering and
processing prior to making the data freely available.
Interpretation was not seen as an integral part of the
project, and that task was always intended to be left
to those more adequately skilled in such applications
of climate data. However, this identification of source

material, the determination of the nature of the data
and the development of methods by which such,
exclusively non-instrumental, data can be prepared for
scientific analysis was thought to be of sufficient
importance to warrant reporting here and to alert
those who may follow on the hazards, and benefits,
offered by such data. What follows is a description of
the UK sources of data, their locations, the nature of
the raw data and how they may be treated and
expressed in a form that renders them appropriate for
scientific analysis. Discussion also takes place of the
database where the original and derived data can now
be found and are freely available. Attention is here
confined to UK logbooks; any attempt to review or
make constructive comment on the worldwide collec-
tion in their various languages and dispersed archives
being too large a task here to be undertaken.

Logbook studies are now commonplace and draw
upon a vast reserve of documentary material.
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However, most of the many thousands of surviving
logbooks are from vessels in the service of the various
national navies, of which those of the Royal Navy are
the most abundant. From the earliest days these doc-
uments assumed the character of government papers
and they were catalogued and preserved; those of the
Royal Navy’s captains and masters are now kept in the
UK National Archives in Kew (http://www.nation-
alarchives.gov.uk). However, the logbooks of vessels
negotiating the hazardous waters of the Arctic are
mostly of a different provenance and principally consti-
tute the logbooks of whaling vessels and those of the
HBC. In the event, data were abstracted from all
known 36 UK whaling logbooks and from some 200
HBC logbooks for the same period, the century from
1750.

There are consequently, few UK Arctic logbooks
when set against the richness of items for the Atlantic
and Indian Oceans. This is a reflection of the more
mercantile nature of the source. Ship-owning compa-
nies and families had little need to preserve their log-
books and formalized systems such as those that were
applied to Royal Navy logbooks were absent and their
survival was all-too-often a matter of serendipity or
family pride. Consequently, of the 10 000 or so voy-
ages made by UK whalers into the Arctic region, few
more than 200 logbooks survive (Brown et al., 2008).
These are scattered around local archives, often in
whaling ports such as Dundee or Whitby, although the
largest collection is to be found in the Hull History
Centre (http://www.hullhistorycentre.org.uk).  This
matter of coverage is made more uncertain by the
chequered history of UK whaling which, while begin-
ning in the 17th century, only assumed importance in
the late 18th as a result of Government bounties
awarded to such enterprises (Credland, 1995).

The fortunes of the logbooks of ships in the service
of the HBC was, however, more assured as this quasi-
governmental organization, in a fashion similar to the
English East India Company (Brohan et al., 2012),
was large enough to secure its own archive. The Com-
pany’s ships sailed annually between London and its
Hudson’s Bay factories, and the logbooks are currently
preserved in the Manitoba State Archives (http://
www.gov.mb.ca/chc/archives/hbca/) with  microfilm
copies available at the UK National Archives. This col-
lection embraces the period 1751-1880, with gaps
only in the early 1840s (Ward and Wheeler, 2011).
The Company had nevertheless been trading in the
region for nearly a century by 1750 having received its
Royal Charter in 1670. It should however be noted
that all such ventures, whether whaling or trading,
were confined to the summer months and, with only a
few exceptions, the logbooks from the Arctic relate to
that season alone.

This notable source of evidence has been the sub-
ject of earlier research (Moodie and Catchpole, 1975;
Catchpole, 1985; Catchpole and Halpin, 1987; Catch-
pole, 1992 and Ball, 1985, 1992). These valuable
undertakings were however confined to the conditions
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in Hudson Bay itself and attention was not given to
the situations in the Davis Straits or wider North Atlan-
tic: areas of primary interest in the current undertak-
ing.

Although this collection might be small, it assumes
significance in respect of its regional coverage: the
Arctic is a key driver in global climate, reflecting not
only the warmings and coolings over the years, but
serving also to exercise its own control on the wider
global climate system in a vital two-way relationship.
The anxieties about, and sensitivities of, this region
are reviewed in Chapter 28 of the Intergovernmental
Panel on Climate Change, 2014 ARS5. Yet, and despite
these often-reiterated concerns, it remains, at least
from the ‘historical’ point of view, one of the least
well-understood of all climatic regions.

1. Logbook studies in historical
climatology

Historical climatology has developed over the past two
decades and is now very much part of the wider field
of climate change studies (reviewed in Jones and
Bradley, 1992 and in Brazdil et al., 2005, but good
specific examples are seen in Garcia-Herrera et al.,
2008 and Leijonhufvud et al., 2008). While natural
proxy records using ice cores, preserved pollen, tree
rings and marine and terrestrial sediment series have
done much to shed light on past climates, it is only
more recently that attention has turned to documen-
tary sources. Such material is inevitably diverse and
includes personal diaries, official, civic and ecclesiasti-
cal records, agricultural returns, estate papers and
newspaper items (Lamb, 1982; Jones et al., 2001 and
Brazdil et al., 2010). This diversity sets this source
apart from the natural proxies and poses particular
problems of homogenization and the expression of
narrative accounts of the weather — instrumental
records form no part of this article — into nhumber. Dif-
ferent languages, often archaic, and different writers
with contrasting reasons for committing their experi-
ences to paper, offer a kaleidoscope of raw evidence
that needs to be organized with notable caution. How-
ever, despite such reservations success has been
achieved in this field, good examples being Pfister
et al. (2006), Camuffo et al. (2010), Leijonhufvud
et al. (2010), Brazdil et al. (2014) and Dobrovolny
et al. (2010).

Ships’ logbooks are now part of this evidence
source for past climates (Wheeler and Garcia-Herrera,
2008) and those from the UK offer a number of
advantages over the above-cited documents:

1. they survive in notable quantities, measured in
their tens of thousands

2. they tend, within the limitations of time and the
natural evolution of language, to employ a common
vocabulary, reducing thereby the problem of
homogenization between different documents and
writers
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3. they cover the seas and oceans, thereby filling a
notable ‘void’ represented by some two thirds of
the planet!

4. they provide observations at a daily, sometimes
hourly, scale of resolution and are precisely dated.

5. they extend, albeit with diminishing abundance,
back to the mid-17th century and therefore
embrace important climate episodes and events
such as the closing years of the Little Ice Age,
volcanic events such as Tambora and the Dalton
Solar Minimum.

In recent times, Oliver and Kington (1970) singled
logbooks out as of value for climate studies, while
Lamb (1982) was an advocate of this source, but
without realising its potential (Wheeler, 2014). While a
number of efforts were made at the small scale to
employ ships’ logbooks before that time (Wheeler,
1985, 1987, 1991, 1995; Lamb, 1991), it was only
with the EU-funded CLIWOC project (Climatological
Database for the World’s Oceans: 1750-1850: http://
pendientedemigracion.ucm.es/info/cliwoc/) that a full
appreciation of the source was offered and methods
of handling and managing the wealth of weather infor-
mation that they contain was firmly established
(Wheeler et al., 2006).

Logbooks record much information on the manage-
ment and operation of the ship, but the daily weather
records always consist in three basic categories:

1. observations of wind force

2. observations of wind direction

3. notes on the weather of the day, with rain, snow,
fog etc., all being dutifully recorded
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Figure 1(a, b) are typical of logbook presentations
for the period. All such observations are non-instru-
mental in character, with thermometers, barometers
and anemometers becoming part of a vessel’s stan-
dard equipment only towards the close of the 19th
century following the International Conference held in
Brussels in 1853 under the auspices of Matthew
Maury. This is not the arena in which to rehearse the
now well-established nature of logbook information
and the means by which it was gathered, nor the
motives for doing so. These can be found in the spe-
cial edition of Climatic Change devoted to the CLI-
WOC project (Climatic Change, 2005).

Figure 2 indicates the coverage of logbook data
from the CLIWOC project. Although CLIWOC used
only some 6000 of 120 000 logbooks from the pre-
instrumental period, the map reflects the available
coverage: the gap for the Pacific Ocean represents a
genuine lack of data for an area that did not form
part of the arteries of communication for the Impe-
rial European powers of the age — Great Britain,
France, the Netherlands, Spain and Portugal. The
other notable gaps are the polar region. For the
Antarctic there was nothing from this period and the
situation is irredeemable, but attention might be
drawn to the availability of logbooks for the Arctic
latitudes.

2. Arctic logbook data

One of the advantages of logbooks as a documentary
source is their consistency of content, layout and
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Figure 1. (a) Left-hand facing page of a Royal Navy logbooks (HMS Rattlesnake from 1797) showing dates and navigational
information including wind direction. (b) Right-hand facing page of account of the day’s activities including notes on wind force
and weather. Courtesy of the National Maritime Museum, Greenwich.
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Figure 2. Data coverage from the CLIWOC project. Red: British vessels. Blue: Dutch and purple: Spanish.

vocabulary. Although there are minor exceptions, the
captains, masters and officers of the various services —
those of the Royal Navy, the East India Company, the
HBC and the merchant service in general — shared a
common vocabulary and indeed a common method in
logbook preparation. However, they were not scientific
records and were instead navigational documents in
which the wind and weather were recorded as an aid
to navigation; the wind and weather materially influ-
encing the progress and direction of the vessels
(Norie, 1889). Furthermore, these observations were
made daily, sometimes hourly. However, this abun-
dance of information requires cautious treatment, and
the entries, while appearing to be both familiar (writ-
ten in English), and reliable (the wind directions are
recorded on a 32-point compass) they cannot be
taken at ‘face value’. The wind force terms in particu-
lar are couched in a vocabulary that is archaic. The
Beaufort Scale, while proposed in 1806, was not
adopted by the Royal Navy until the 1830s (Wheeler
and Wilkinson, 2004). Before that time, the wind force
vocabulary had no such official standing. That vocabu-
lary was, however, one that was understood and
employed by all practicing mariners who were trained
in @ common maritime oral tradition. There remains,
however, the need to express such terms in Beaufort
Scale equivalents. The situation is not improved when
attention is turned to wind direction. This was
recorded on the magnetic compass but to be of scien-
tific value the observations need to be expressed in
terms of true north. The difference between the two
is known as ‘variation’. In the high latitudes, variation
can assume extreme values, often in the order or 40°
or more. It is important, therefore, that such correc-
tions are made, but the issue is complicated by the
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fact that variation differs spatially and temporally in
response to the behaviour of the Earth’s core where
the terrestrial magnetic field is generated (Jackson
et al., 2000). The problem of determining exactly,
sometimes even approximately, where a ship was
located is reviewed below.

The weather data are recorded for every day, and
are helpfully located in time by the date — the princi-
pal observations being made at midday — and place -
the latitudes and longitudes are often, but by no
means always, given. Yet the latter locational data
need also to be considered carefully. Latitude can be
generally relied upon, its value being estimated by
the altitude of the midday sun, but longitude is
another matter. Its estimation provided a challenge to
mariners, and one that was to constitute, arguably,
the greatest intellectual challenge of the 18th century
(Hewson, 1951) and for this reason, those estimates
recorded in the logbooks must be regarded as
approximate. Finally, although the officers on board
HBC vessels assiduously recorded the latitude, longi-
tude and variation each day, the masters of whaling
vessels were far less attentive to such details and lon-
gitudes go unrecorded for many days, even weeks
and variation was rarely noted. Hence, voyage recon-
struction for whaling vessels presents a significant
challenge.

There remains however one feature of ‘Arctic’ log-
books that distinguishes them from all others, and
makes them of unique value, and that is their refer-
ence to sea ice coverage and to iceberg sightings.
However, and as with the wind and weather observa-
tions, those for sea ice also require re-expression in
terms that render them of value for scientific pur-
poses.

© 2015 The Authors.
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3. Managing Arctic logbook data

In this case two approaches were made to the basic
task of data abstraction. In all cases the hand-written
documents forbid the use of OCR methods and
abstraction is necessarily manual and time-consuming.
The HBC records were abstracted from the microfilm
copies in the UK National Archives. The same proce-
dure was used for the whaling logbooks, with the
exception that the Hull collection was imaged before-
hand by ARCdoc, and the images then used for
abstraction. Transference was made directly into
‘working” spread sheets that were then processed
using MS Excel options and procedures such as look
up tables, but based on the methods to be described
below.

3.1. Wind force

The vocabulary for wind force in the pre-Beaufort era
is known to have been conventional and consistent.
Assuredly there were more terms in use than the cur-
rent 13 that suffice for the Beaufort Scale, but almost
all of them can be re-expressed as one of those 13.
This re-expression can be executed using the wind
force dictionary prepared by the CLIWOC project team
(Garcia-Herrera et al., 2003) and employing the look
up tables of the latter for automatic conversion.

3.2. Wind direction

Wind directions were, as noted, recorded with regard
to magnetic rather than true north. To render the wind
directions suitable for modern climate analysis, these
observations need to be converted to true north
taking into account the ship’s location. A number of
historical magnetic variation databases exist but use
was made in ARCdoc of data held by the British Geo-
logical Survey.! The known variations at specified loca-
tions and dates could then be applied to each of the
wind direction records to reduce them to true north
bearings. HBC logbooks tended to have variation
recorded on a daily basis but for whaling logbook con-
versions such a database was vital as they generally
failed to note variation. This operation was carried out
separately, the revised directions then being entered
into the spreadsheets.

3.3. Weather records

These are the various references to snow, rain, fog,
cloud cover, etc. In contrast to the specifically
maritime character of the wind force terms, the
descriptions of the weather used ‘standard’ English of

The ARCdoc team express their collective and sincere
thanks to Susan Macmillan of the BGS who with efficiency
and dependability provided the variation data required for
this project.
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a form familiar to landsmen and seafarers alike. No
need was evident for any translation and the terms
could be entered directly.

3.4. Latitude and longitude

Observations of latitude can, for the most part, be
relied upon and require no conversion. Observations
of longitude present a challenge because of its unrelia-
bility or absence. Longitude estimates must all be
regarded as approximate but absence is another mat-
ter. Linear interpolation between known points is a
partial solution to the problem and can be achieved by
carefully plotting the voyage using observations of the
course, distances sailed in the day and landfall sight-
ings onto marine charts. It should be noted, however,
that this process cannot be automated and can, there-
fore, be a time-consuming task. Finally, any longitudes
noted in the logbooks need to be adjusted from the
local to the Greenwich zero meridian. This is a simple
calculation of the difference in degrees between the
adopted meridian for that leg of the voyage — which is
either given or can be easily derived from the logbook
records — and Greenwich zero meridian. Fortunately,
the whaling captains preferred to use Greenwich as
their prime meridian, and while the HBC officers rarely
did so, their logbooks contain sufficient information to
convert the chosen meridians into Greenwich equiva-
lent values.

3.5. Date

Attention is also needed to be given to the dates.
Before September 1752, England continued with the
Julian calendar; only in that month was the more reli-
able Gregorian calendar adopted. The 11-day time dif-
ference between the two needed to be taken into
account for all those items in which the Julian calendar
was employed. It should also be noted that the nauti-
cal day, used exclusively while at sea, began at mid-
day and 12 hours ahead of the civil day (Harries, 1928
and Cotter, 1978).

4. Index derivation: narrative into number

The above procedures allow for the preparation of
reliable daily series of wind and weather observa-
tions. These are, however, non-instrumental and
non-numerical in form and, additionally, require
aggregation into monthly summaries, a task that pro-
vides opportunity for presenting the original data in
‘index’ form on an ordinal scale. The nature of log-
book entries, in particular their inherent homogene-
ity, renders such tasks easier than in the case of the
more idiosyncratic character of other documentary
source material. It is, as a result of this characteris-
tic, possible to go from one logbook to another over
the study period confident that terms have the same
meaning and the observations made to a consistent
standard.

Geoscience Data Journal 2: 53-62 (2015)
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The monthly aggregated indices derived from the
Arctic logbooks are essentially simple in form, but not
lacking scientific value for that simplicity. Attention is
focused on the HBC set as they allow for the construc-
tion of an almost unbroken century-long series, but
the same methods apply to the whaling logbooks
although the resulting series are more fragmentary.

4.1. Wind force

The re-expression of wind force terms in Beaufort

Force equivalents allows for two indices of wind

strength to be derived:

1. the mean wind force for each month

2. a gale index, based on the proportion (a scale of
0-1.0) of days each month when wind force equal-
led or exceeded gale force on the Beaufort Scale

4.2. Wind direction

Wind directions, originally on a 32-point compass, can
be reduced to the four cardinal quadrants (N, E, W
and S). This results in a ‘loss of information’ as, for
example, all winds registered from between NWbN
and NE are rendered as being N (northerly) sector.
Such loss cannot be quantified but the conversion pro-
cess provides a dataset of well-populated categories
suitable for later analysis and in a form not wholly dis-
similar to the Lamb weather types (Lamb, 1950). An
index can be derived for each of the four categories
based on the proportion of days each month that the
wind is from that quarter. Most useful perhaps would
be the W index as it might be expected to relate to
similar circulation indices, such as the Arctic and North
Atlantic Oscillations offering another, and independent,
means of expressing such important climatic beha-
viour.

4.3. Weather indices

Weather indices can also be derived for those weather
elements that found their way most often and reliably
into the logbooks, of these, fog, snow and rain are
the best examples. Each day can be seen to be a day
of fog, snow or rain depending on their absence or
presence in the written record. Again, the three
indices are proportions of days each month when
these phenomena were recorded. In the case of the
ARCdoc project no attempt was made to qualify or
quantify the phenomena further by reference to
attached adjectives such as ‘heavy’, ‘thick’, ‘strong’ etc.
Expressed otherwise, a ‘rainy day’ is classified as such
irrespective of whether it be heavy, light or any other
form of rain. Table 1 summarizes the monthly indices
that were derived from the logbooks.

One of the virtues of a daily record spanning, as the
HBC datasets do, a century, is that it allows the cli-
mate record to be reconstructed casting a fresh light
on the changing conditions of a time. Figures 3-5

Geoscience Data Journal 2: 53-62 (2015)
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Table 1. Monthly indices derived from logbooks.

Index Definition

N Proportion of observed days with wind
from that quarter

) Proportion of observed days with wind
from that quarter

E Proportion of observed days with wind
from that quarter

W Proportion of observed days with wind
from that quarter

Gale Proportion of observed days with wind
of force nine or greater

Snow Proportion of observed days with
falling snow

Rain Proportion of observed days with some
form of rain

Fog Proportion of observed days with fog

Wind force Mean Beaufort force

These monthly indices (weighted by number of days of record)
can be additionally aggregated to produce the annual indices
used in figures 3 to 5.

035

1751 1761 1771 1781 1741 1801 1811 1871 1831 1841

Figure 3. The gales index derived from HBC logbooks and
based on annually aggregated figures. The running mean is
a Gaussian filtered 12-year window.

illustrate the benefits from this exercise using samples
selected from the full range of indices described in
Table 1. The figures use annually aggregated data
but, as noted above, the data are for the summer sea-
son only; the vessels not being active in this area dur-
ing the winter. They reveal, and possibly for the first
time, the detailed changing climate — albeit expressed
though the medium of selected phenomena — of the
Arctic and far North Atlantic region at this time. Their
value is that they prompt a number of important ques-
tions to direct future studies, for example:
1. Why does the gales index show the steady decline
through the first half of the 19th century?
2. What might account for the abrupt increase in
snow fall in the first decades of the 19th century?
3. Why, in light of the above changes, does the W
index remain more constant?

© 2015 The Authors.
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Figure 4. The snow index derived from HBC logbooks and
based on annually aggregated figures. The running mean is
a Gaussian filtered 12-year window.
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Figure 5. The W index derived from HBC logbooks and
based on annually aggregated figures. The running mean is
a Gaussian filtered 12-year window.

This is not the arena in which to answer such pro-
found questions, but the illumination yielded by the
data offers an indication of the potential of such log-
book collections when the data are properly treated.

5. Sea ice and iceberg data methods

Arctic logbooks are very much distinguished by their
valuable records of sea ice cover and iceberg inci-
dence. Again, however, these observations cannot be
used without some careful treatment.

5.1. Sea ice observations

It is this category that distinguishes the Arctic log-
books, and a number of sea ice indices can be
derived. First, a simple proportion of days each month
where sea ice is recorded can be used to measure the
time vessels spent in proximity to the sea ice and,
more importantly, the latter's position. Second, the
vocabulary by which ice types are described is compa-
rable to that of wind force, with the sailors distinguish-
ing between different coverage levels and thicknesses

© 2015 The Authors.
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Figure 6. An example of a thickness (age) term ‘light ice’,
index value of 3, representing ice of up to 1m in thickness
(first year ice) and an example of a coverage term ‘Floes’,
also with an index value of 3, representing ice coverage of
50-74%.
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Figure 7. An example of the progression in the narrative
description of iceberg numbers taken from the logbook of
the Cumbrian of Hull 1827. Ranging from a single ‘iceberg’
(indexed as ‘1’) to ‘a number of large icebergs’ (indexed as
‘10’) to ‘immense quantities of icebergs’ (indexed as ‘100’).

(or age) of sea ice (Figure 6). Work by ARCdoc mem-
bers provided the basis for both a coverage and thick-
ness index based on this, again consistent, vocabulary.
Coverage was categorized into a six-point index with
1-5 denoting increasing coverage through 20%
stages. Age contains a similar five-point index with 1-
4 denoting increasing thickness and 5 brash
(decaying) ice.

5.2. Iceberg observations

The observations also include iceberg sightings and
the mariners were careful to differentiate these from
sea ice. Descriptions of numbers of bergs observed
are consistent with the narrative nature of these log-
books in the sense they rarely include numerical
counts and the authors instead resort to terms such a
‘one’, ‘many’, ‘an immense quantity’, etc. (Figure 7). It
is, however, again important to express these descrip-
tions on an index scale.

Indexing on the basis of iceberg records required,
however, a degree of subjectivity not encountered in
the other areas. Most importantly, a simple count of
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the number of days when icebergs are observed is not
representative of the number sighted each year.
Expressed in simple terms, 1 year may contain ten
observations of a ‘single iceberg’ whereas another
may contain a single observation of ‘thousands of ice-
bergs’. On this basis there would be a tendency to
over-estimate the frequency or number of icebergs. In
order to secure a more representative estimation of
the relative number of icebergs, the terms employed
by the whalers had to be first categorized. It was
decided that a fourfold categorization would offer an
optimum system in which indexing could take place,
not only allowing on the one hand for numerical
expression of narrative accounts but also taking into
consideration the unavoidable vagueness of those
accounts. The iceberg records have here been indexed
on a logarithmic scale as summarized in Table 2. Such
a system was preferred in order not to misrepresent
the inferred monthly and annual counts on the basis
of the concerns expressed earlier. Despite this large
number of entries, the descriptions seem not to have
been random and the terms used are embraced by
just 22 such descriptors. Table 2 lists these descriptors
and indicates how they were decided to equate to the

Table 2. The 22 individual descriptions encountered in the
logbooks and their respective indices.

Term

Representation

100

1000

Berg
A number of icebergs
Good few icebergs
A few bergs
Many bergs
Good number of bergs
Quantity of icebergs
Cluster of bergs
Numerous bergs
Several bergs
Great many icebergs
Great quantity of bergs
Great number
of icebergs
Vast number of bergs
Numerous bergs
Hundreds of icebergs
Several hundred
icebergs
Very great number
of bergs
Very large number
of bergs
Immense amount
of bergs
Bergs in thousands
Bergs innumerable

Individual iceberg
Descriptions representing
10s of icebergs
(>1, <100)

Descriptions representing
100s of icebergs
(>100, <1000)

Descriptions representing
1000s of icebergs
(>1000)

These descriptions were abstracted from the logbooks of whaling
vessels in the Davis Strait and Baffin Bay 1809-1898.
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number scale. Unlike wind force or sea ice, which are
both highly dynamic and variable phenomena, ice-
bergs are persistent, slow-moving and slowly evolving
entities. In consequence of this and of the poor quality
of locational data, observations with the same index
value, occurring on consecutive days were counted as
one observation. Moreover, if such consecutive obser-
vations span a change in month, the index will be
equally split proportionally over the two monthly
totals.

6. Data storage and retrieval: making data
available

All of the above data, both in its raw and processed
form are now available online at http://www.hull.a-
c.uk/mhsc/ARCDOC/. In this regard, not atypically, the
ARCdoc project has been faced with searching data
management issues that have been recognized, but
are often perceived as being outside of the standard
remit of academic research. Taking a proactive
approach to data management, the team has engaged
with the growing recognition of the need to share cli-
mate data and information. This recognition, while
requiring the assembling of reliable and validated
data, is one step along the path to developing, imple-
menting and maintaining a robust data management
strategy (Kuhn, 1962). The process of developing a
data storage and retrieval solution which encompasses
provable standards of robustness, integrity and future
proofing requires specialist skills. These specialist skills
are increasingly falling within the remit of the aca-
demic research arena. From this perspective, the ARC-
doc project has adopted a clear data management
strategy based on a data management plan, informed
by a research lifecycle model developed along gestalt
principles (Perls et al., 1951) and, in practical terms,
accepted as an industry standard FEDORA base repos-
itory: HYDRA.?

The submission of data has been followed by a rig-
orous process of normalization, formatting and stan-
dardizing to provide a series of datasets that are
reliable and preservable (Data Curation Centre, 2013)
in the HYDRA repository (https://hydra.hull.ac.uk/).
This process included a basic analysis of the data
structures, removal of repeated fields, standardization
of formats and the vital inclusion of accompanying
documentation to inform the data. The result — a

>The Hydra digital data repository has been developed in
conjunction with the University of Hull (UK), Stanford Univer-
sity (USA) and the University of Virginia (USA), together with
partner institutions from around the world (http://projecthy
dra.org/). It adheres to internationally accepted standards of
data preservation and integrity, and incorporates high level
searchability and confidentiality standards. The Hull Hydra
repository undertakes to provide a minimum 70 year after
last use data preservation policy to ensure continuity and
preservation.
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series of datasets — is published, accessible within the
public domain and permanently maintained.

Among other considerations, the prospect of ver-
sioning has been broached. Original data submis-
sions, typically in a standard spreadsheet, flat file
tabular mode, are preserved in their original for-
mats. Subsequent aggregated data based on the
methods reviewed above reflect clearer, presenta-
tion-friendly and searchable datasets, but do not
obscure the literal content of the original data. The
final outcome is information (data informed by
accompanying documentation and formatted for gen-
eral use) that is publically available via a robust,
online repository.

The ARCdoc project has recognized the importance
of data management and adopted a strategy for data
storage and retrieval that not only presents the final
aggregated dataset, but also includes the stages in
data processing from the raw, unadjusted daily data,
through the second stage of the managed daily data,
leading to the aggregated monthly figures described
earlier. By this means, current and future workers can
trace the development of the database from its incep-
tion to its conclusion.

7. Conclusion

Ships’ logbook data are now a well-established part of
the evidence base for climate change, but much
remains to be accomplished; only a small fraction of
those that are known to exist worldwide have been
examined, and many more, doubtless, remain to be
discovered in archives and collections around the
world and attention has here be confined exclusively
to the UK sources. The principle activity must be direc-
ted towards the onerous task of data abstraction. This
can only be achieved by manual methods, as ho OCR
system exists to allow for automated abstraction.
However, excellent work in this direction is being
undertaken by the Old Weather project (http://
oldweather.org)® based on methods of ‘crowd
sourcing”. Yet, the mere abstraction of the beguilingly
vast quantity of data is not of itself sufficient. As this
article has made clear, much needs to be done to pre-
pare the raw data for scientific use. While some of the
issues introduced here are unique to UK Arctic log-
books, others have a more general application that
embraces all such pre-instrumental sources. The uses
to which these data can be put will do much to shed a
fresh light on past climates, especially of the oceanic
regions and applications such as those described by
Kuttel et al. (2009) may become more frequent and
more informative.

3The OId Weather team are always pleased to enlist the par-
ticipation of new members and enquires should be directed
to the website.
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