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1   |   INTRODUCTION

After a severe storm which caused the sinking of the 
Royal Charter ship in October 1859, Vice-Admiral 

Robert Fitzroy noted that “telegraphic communication 
can give notice of a storm's approach, to places then 
some hundred miles distant, and not otherwise fore-
warned” (Fitzroy,  1860). Fitzroy's vision was to collect 
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Abstract
We describe the transcription and quality control processes for rescuing around 
570,000 sub-daily and daily weather observations which were recorded in the 
UK Met Office Daily Weather Reports during the 1861–1875 period. These data 
are from the start of coordinated weather observations and were collected with 
the aim of making the first-ever weather forecasts. The observations were res-
cued thanks to 3500 volunteers and include sub-daily sea-level pressure, dry and 
wet bulb temperatures, daily maximum and minimum temperatures, and daily 
rainfall amounts from 70 different locations across Western Europe, and one in 
Canada. We highlight how these observations will be used to fill gaps in existing 
pressure and temperature datasets and use two case studies to show how the pres-
sure observations will likely better constrain the atmospheric circulation during 
two severe storms. We also compare a sub-sample of the newly rescued observa-
tions with data that were previously digitized for a small number of locations for 
the same dates, finding good agreement in general, although some discrepancies 
remain.
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2  |      CRAIG and HAWKINS

contemporaneous weather observations to understand 
the current state of the atmosphere and so provide warn-
ings of extreme weather conditions in advance to avoid 
loss of life and valuable infrastructure such as ships and 
their cargo.

This endeavour, which ultimately led to modern 
weather forecasting, began in 1860 with simple observa-
tions of atmospheric pressure, temperature, winds and 
weather type being transmitted using a telegraph cable 
network from all corners of Great Britain & Ireland, and 
collated by Fitzroy each day on hand-written sheets of 
paper in London (see example in Figure 1). Over the sub-
sequent decades, additional observations from more loca-
tions across the UK and Western Europe were added to 
the daily collection (see example in Figure  2). All these 
sheets – known as the Daily Weather Reports (DWRs) 

– were archived and have been scanned, but the obser-
vations contained on the pages have not generally been 
transcribed into digital formats to inform modern weather 
and climate science. There is a high degree of trust (Sieber 
et al., 2022) in these observations because they were taken 
by trained meteorologists with high-quality instruments 
and were used in real-time every day to make forecasts.

This study describes the efforts undertaken to recover 
some of these important coordinated historical weather 
observations from the archives and make them available 
to the global climate community. The approach taken is 
to use citizen scientist volunteers to transcribe the ob-
servations using an online platform, before undertaking 
manual quality control, in a similar approach to previous 
studies (e.g. Craig & Hawkins, 2020; Gergis et al., 2022; 
Hawkins et  al.,  2019; Lakkis et  al.,  2022; Sieber & 

F I G U R E  1   Example DWR from 
Wednesday 31st July 1861. Stations are 
listed on the left-hand side of the page and 
the observations are presented in columns 
of pressure (B), dry bulb temperature 
(E), wet bulb temperature (W), wind 
direction (D), wind force (F), cloud cover 
(C), weather type (I) and sea disturbance 
(S). This DWR also includes Fitzroy's 
first public weather forecast that was 
published in The Times newspaper.
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      |  3CRAIG and HAWKINS

Slonosky,  2019). Such studies have demonstrated the 
value of recovering weather data from a broad range of 
locations and, by comparing it to long-term reanalyses, 
provide a stark contrast to a statement made in the 1868 
Met Office Annual Report that remote stations are “of 
comparatively minor value.”

We also compare the newly rescued observations with 
other datasets to evaluate their quality and make the 
data openly available. These data will enable improved 

reconstructions of changes in climate by being added 
to global databases, including the International Surface 
Pressure Databank version 4 (ISPD v4; Compo et al., 2019) 
and UK Met Office Integrated Data Archive System 
(MIDAS) (https://​catal​ogue.​ceda.​ac.​uk/​uuid/​dbd45​1271e​
b0466​2bead​e68da​43546e1; Met Office, 2023). These ob-
servations will then be available for reanalyses such as 
the 20th Century Reanalysis (Slivinski et  al.,  2021) and 
gridded datasets such as HadUK-Grid (Hollis et al., 2019), 

F I G U R E  2   Example DWR from 
Wednesday 3rd July 1872. Stations are 
listed on the left-hand side of the page and 
observations are presented from left-to-
right in columns of pressure, temperature, 
wind, cloud, weather, rainfall and sea 
disturbance. The 2 PM data from the 
previous day are included in a separate 
table at the bottom of the page.
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4  |      CRAIG and HAWKINS

enabling improved reconstructions of long-term climate 
trends and also extreme weather events (e.g. Hawkins, 
Brohan, et al., 2023).

2   |   THE DAILY WEATHER 
REPORTS

The collation of weather observations into the DWRs was 
started in September 1860 by Vice-Admiral Robert Fitzroy 
(Walker, 2011). The data on the original documents from 
September to mid-October 1860 are presented in a clear, 
tabulated format, but from mid-October 1860 to February 
1861 the documents were not clearly written and the sta-
tion locations are often too faint to be read, or even not 
written at all. As a result, we have not considered the 
DWRs before March 1861, but note that many of these 
earlier observations are available in archives of The Times 
newspaper, which published the observations daily, and 
could be transcribed from that source.

From 1st March 1861 until 13th January 1872, the 
DWRs collected observations of mean sea-level pressure 
(mslp), dry bulb temperature (Td), wet bulb temperature 
(Tw), rainfall, sea disturbance and weather type at 8 AM 
each day in a consistent format. This period includes 
Fitzroy's first attempt at a weather forecast, handwritten 
on the DWR on 30th July 1861. His first public forecast 
was written in the DWR the following day (31st July 1861; 
Figure 1) and published in The Times newspaper the next 
morning. This period also includes the final DWR pub-
lished during Fitzroy's life, as he died from suicide on 30th 
April 1865 (Paul et al., 2013).

No Sunday observations were collected in the early 
years, apart from three consecutive weekends in June/July 
1862, then from October to December 1864, and once in 
December 1865. Sunday observations restarted in January 
1867 and are available permanently from April 1867 on-
wards. There are also no DWRs for some public holidays, 
e.g. Christmas Day and Good Friday. The first foreign sta-
tions (Copenhagen, Helder, Brest, Bayonne, Lisbon) were 
included in the DWRs from August 1861 but did not re-
port wet bulb temperatures.

The previous day's 2 PM observations at some stations 
were published from November 1867 onwards. These 
were initially inserted as an extra sheet of paper, then in-
cluded at the bottom of the main page from January 1868 
(see Figure 2). Additions & corrections to the observations 
were included from 7th July 1868, initially daily with 
each DWR, then as a monthly list from April 1872, as part 
of a wider update to the DWR format (also see Craig & 
Hawkins, 2020).

From 14th January 1872 onwards, the daily maximum 
and minimum temperatures (Tx, Tn) were also published, 

along with the change in pressure from the previous day. 
From 1st April 1875 onwards, observations of mslp, Td, 
wind and weather from the previous evening were also 
included. Data from the DWR sheets for 1900–1910 have 
previously been rescued (Craig & Hawkins, 2020), along 
with the sub-daily pressure data for 1919–1960 (Hawkins, 
Alexander, et al., 2022).

In this study, we describe the transcription and qual-
ity control of the weather observations contained in the 
DWRs for 1st March 1861 to 31st March 1875 inclusive. 
This is the period of easily readable daily morning and 
2 PM observations before the format became more com-
plicated with the inclusion of evening observations. We 
did not transcribe the winds, cloud information, weather 
type or sea disturbance observations because, given lim-
ited resources, we prioritized obtaining longer time series 
of the higher-priority variables. The images of the DWRs 
are openly available from the National Meteorological 
Library & Archive (NMLA; https://​digit​al.​nmla.​metof​fice.​
gov.​uk/​ ).

3   |   DATA COLLECTION AND 
QUALITY CONTROL

3.1  |  Method of data collection

The observations were transcribed by over 3500 volunteer 
citizen scientists using the Weath​erRes​cue.​org website be-
tween March and August 2019. The project started as part 
of British Science Week, which encouraged members of 
the public to get involved in a range of science activities. 
The website was built using the Zooni​verse.​org platform.

The set of pages were split into groups by time period 
with each set having a similar page layout and set of lo-
cations. Each group was completed in turn. Volunteers 
chose a location from a list, were shown a brief tutorial, 
and were then shown a random page from the group and 
asked to transcribe the weather observations for the cho-
sen location.

Seven separate volunteers were asked to transcribe 
each value, which is larger than some other similar proj-
ects because it was considered that the handwriting was 
harder to read. If five or more volunteers agreed on the 
value it was provisionally accepted, else it was flagged for 
checking.

The project ended with pages from March 1875 as the 
page layout changed considerably after that date, with 
twice-per-day observations included, which would have 
required additional website development to ensure the 
pages could be transcribed. As the volunteer engagement 
had declined over time it was decided not to continue the 
project.
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      |  5CRAIG and HAWKINS

The choice to split the transcription by location meant 
that full-page images could be shown to the volunteers, 
rather than having to segment the images into different 
smaller components, reducing the time overheads on the 
project team. This was only possible because of the smaller 
amounts of data per page than in previous similar projects 
that have used the DWRs, such as that described in Craig 
and Hawkins (2020).

3.2  |  Quality control

The quality control (QC) procedure for this dataset was 
broadly similar to the approach taken by Craig and 
Hawkins  (2020) for a different set of the DWRs (1900–
1910). A CSV (comma-separated values) spreadsheet was 
generated from the Zooniverse output as a reduced digi-
tal equivalent of each DWR page (Figures 1 and 2). Each 
spreadsheet was checked for flagged disagreement and the 
corresponding entry in the DWR was checked manually 
to determine if it was legible. If the corresponding DWR 
entry was unclear then the spreadsheet entry was de-
leted, but if the DWR entry could be read clearly then the 
spreadsheet entry would be updated accordingly. Flagged 
values that included a question mark and a numerical 
value (e.g. pressure value of 29.95) were entered into the 
spreadsheets as they were written in the DWRs so that in 
the final dataset files such values could be highlighted in 
the metadata column as having an uncertain value. This 
is an improvement on the Craig and Hawkins (2020) ap-
proach to delete such values.

The process to find errors in the spreadsheets was par-
tially automated and partially manual. A simple script was 
used to examine each year's CSV files and print the names 
of all the files that contained flagged values. The process 
of comparing the flagged entries with the DWRs and 
making the appropriate updates was manual and time-
consuming. A total of 2948 flagged issues were found in 
the spreadsheets – around 0.5% of the total number of ob-
servations. The combination of volunteers was therefore 
around 99.5% accurate.

The wet-bulb temperature data before 1872 were not 
chosen for digitization because not every station recorded 
these observations. During the QC phase, these data were 
initially added to the spreadsheets manually. However, this 
was exceptionally time-consuming so it was decided not 
to add the wet-bulb temperature data for the period after 
1863 as these observations were considered to be of less 
importance than the pressure, dry-bulb temperature and 
rainfall measurements. A further complication was that 
from October 1862 the wet-bulb temperature data were re-
corded as the difference from dry-bulb temperature so had 
to be calculated at a later stage. There is therefore a gap 

in the wet-bulb temperature data for some stations, and 
it becomes fully available from 1872 onwards. The daily 
rainfall data were only requested to be digitized by the 
volunteers from 1864 onwards, and the 1861–1863 data 
were added manually when available. The 2 PM observa-
tions were only transcribed for March 1872 onwards, so 
for some stations undigitized afternoon observations may 
exist from 1868 until February 1872.

After assessing the values where there was no volun-
teer consensus, the data were checked for physical incon-
sistencies, specifically Tn > Tx, Tw > Td and implausible 
pressure values such as mslp < 28 inHg and mslp > 31 
inHg. There were very few implausible pressure values in 
the spreadsheets and some were caused by mistakes in the 
initial QC phase or could be calculated correctly using the 
change in pressure over the previous 24 h which was pub-
lished in the DWRs from January 1872. These checks also 
identified and enabled the correction of some temperature 
values in the spreadsheets due to transcription errors.

Craig and Hawkins (2020) deleted many flagged values 
from the spreadsheets where there were physical incon-
sistencies such as Tn > Tx even if both values were written 
clearly in the DWR. However, this is not considered best 
practice (Brunet et al., 2020) so an effort was made in the 
QC phase for this dataset not to delete suspicious values if 
they were clearly written. Instead, the dataresq R package 
v1.0.0 (https://​github.​com/​c3s-​data-​rescu​e-​servi​ce/​datar​
esqc) was used to flag such issues in the resulting output 
data files. This standard package tests data for various is-
sues such as climatic outliers, duplicate dates, repeated 
values and WMO (World Meteorological Organization) 
gross errors (WMO, 1993).

The QC process resulted in a complete set of spread-
sheets which were converted to individual Station 
Exchange Format (SEF; https://​datar​escue.​clima​te.​coper​
nicus.​eu/​node/​80) files, with one file per station per 
variable. These 371 files are made openly available (see 
Dataset details). We do not perform any homogenization 
on the data as this is more appropriate when these data are 
combined with other sources.

4   |   DATASET DESCRIPTION

4.1  |  Station locations and metadata

Data from 71 stations from Great Britain and Ireland 
(GBI), nine other European countries and Canada were 
recovered for this dataset (Figure 3). The stations included 
on the DWR changed from year to year and increased 
substantially as time progressed, from 25 to 50, with 10 
stations reporting for the entire 14-years period. Some 
stations stopped reporting and were replaced by nearby 
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stations or the equipment was moved to another loca-
tion. For example, Greencastle was replaced by Moville 
in 1871, and Queenstown was replaced by Roches Point 
in 1872. Some stations dropped off the DWRs then reap-
peared later, such as Dover which reported 1861–1864 and 
again from 1871 onwards. The addition of Heart's Content 
in Canada to the DWR was a significant and historic in-
clusion with a station on the other side of the Atlantic 
Ocean but it dropped off the DWR after 2 years as the 
Meteorological Committee of the Royal Society was not 
prepared to pay the Anglo-American Telegraph Company 
for the observations.

4.1.1  |  British and Irish stations

There were 43 different British and Irish stations in-
cluded in the DWRs for at least some of the 1861–1875 
period. The available metadata for the British and 

Irish stations is summarized in Table  S1. The meta-
data were identified in a similar manner to Craig and 
Hawkins (2020) by using various documents made avail-
able by the NMLA and some other sources (Table 1). To 
supplement the available documentary information, 
various old maps were used to pinpoint a station's loca-
tion after proving very useful for metadata detection by 
Hawkins, Burt, et al. (2022). Some local history groups 
were also contacted for additional information. For sta-
tions for which no useful information could be found 
(e.g. Hull, Berwick), approximate locations were es-
timated based on the sites of postal/telegraph stations 
from old maps as the observers were often telegraph 
clerks. The full list of sources used to locate the British 
and Irish stations is provided in Table S1.

The longitude and latitude coordinates of the 43 British 
& Irish stations are presented in decimal form in Table S1 
and rounded to 2 decimal places. The Met Office Annual 
Reports, Climatological Returns and British Rainfall often 

F I G U R E  3   Map of all 71 stations included in the dataset from the 1861–1875 DWRs. The country borders shown are the modern-day 
boundaries.
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      |  7CRAIG and HAWKINS

provided names and/or employment details of the observ-
ers which helped to infer the specific locations of the ob-
serving equipment. Some of the stations overlap with the 
1900–1910 DWRs (Craig & Hawkins,  2020) so the same 
metadata were used for this earlier period (Table S1) but 
a considerable amount of research was required to find 
metadata for other stations.

Several stations had already been described in pub-
lished meteorological literature: Nottingham (Lowe, 1846; 
Mellish,  1893), Galway (Hickey,  2003), Oxford (Burt & 
Burt,  2019) and Kew (Galvin,  2003). Scott  (1873) men-
tioned the Portrush station to criticize the observer's 
“incorrigible idleness” but did not provide any details re-
garding the specific site of the equipment. There is also 
some information in non-meteorological literature, such 
as Smith (2014) who briefly discussed the Cape Clear tele-
graph station.

The lack of documentary evidence in the NMLA or 
published literature required a different approach for some 
stations. If the name and profession of an observer were 
available without a specific building or street, we contacted 
local history groups for further information. Shaw (1877) 
described the site of the Scarborough weather station but 
this was difficult to infer from old maps. However, the 
Scarborough History Society were able to find this specific 
location (later verified from a map in the 1880 station in-
spection reports, Table S1) and the nearby residence of the 
observer. Local history groups were also very helpful in 
determining the locations of the equipment or observers 
at Yarmouth and Sumburgh Head.

4.1.2  |  International stations

Less metadata are available for the international sta-
tions since the information is not available in the NMLA. 
Despite this, the Annual Reports do contain some useful 
information about data quality or availability. For ex-
ample, throughout 1869 the DWRs consistently have an 
empty row for Paris and other European stations. This 
may be a consequence of disruption caused by the Franco-
Prussian War. Some stations match those from Craig and 
Hawkins (2020) so are given the same metadata. It is likely 
that some of the data rescued here for France duplicate 
data that already exist in the Météo-France digital data ar-
chives, but this comparison has not been conducted due to 
Météo-France's closed data policies.

The precise locations of the two Danish stations (Fanø 
and Copenhagen) are known from Danish Meteorological 
Institute (DMI) documents (Brandt,  1994a, 1994b). The 
1878/79 Met Office Annual Report states that the Toulon 
station (68 in Figure  3) was at Cape Sicie and we have 
therefore inferred that this was the old semaphore station 
similar to other French stations (Craig & Hawkins, 2020). 
The Paris station was at Parc-de-Montsouris (inferred 
from the 1869–72 Annual Reports) where the observatory 
was located and there is still meteorological equipment. 
The 1869 Annual Report also mentions that the Oxö/
Christiansand station (49 in Figure 3) was on Oxö island 
south of Christiansand (modern name Kristiansand) and 
we have assumed that the meteorological station was at 
the lighthouse.

T A B L E  1   List of key documents that were used to find the metadata of the British & Irish stations in the 1861–1875 DWRs. Further 
sources specific to some sites are noted in Table S1.

Document type Available information
Available 
years Available from

Reports of the Meteorological 
Council to the President and 
Council of the Royal Society

(Annual reports)

Exhaustive list of stations which reported 
to the Met Office

Latitude and longitude coordinates

1857–1905/6 Online at NMLA

British Rainfall Rain gauge elevation above sea level
Information regarding the specific site 

of the station, for example street or 
building name

1860–1968 Online at NMLA
as yearly documents

Climatological Returns Station-specific observations
Latitude and longitude coordinates
Equipment elevations above sea level & 

ground

1857–1935 Online at NMLA

Old maps Detailed Ordnance Survey maps of Great 
Britain and Ireland

1841–1971
1829-present
1832–1986
1847–1913

National Library of Scotland
GeoHive
Ordnance Survey of Northern Ireland
Ordnance Survey of Ireland Historical 

Maps Boundary Finder v2.0
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The NMLA has two documents that discuss a weather 
station on Heligoland (54 in Figure  3; Kremser,  1891; 
Thurau & Kaufeld,  1990) but neither provide specific 
information on the location of the weather station be-
fore 1875 (the DWRs cover 1862–67). Kremser  (1891) 
was published in the year after Heligoland was ceded 
back to Germany by the United Kingdom as part of the 
Heligoland-Zanzibar treaty. This change of sovereignty 
may explain why Kresmer did not publish earlier infor-
mation as it was likely unavailable. The Annual Reports 
do not provide any information about the Heligoland 
site.

The Heart's Content Cable Station is a significant 
historical location as the site where the first ever trans-
atlantic telegraph message was received (Muller,  2016). 
Observations were published in the DWRs from January 
1868 and the Met Office Annual Reports note that the tele-
graph superintendent was the observer (J Weedon), but 
Muller (2016) names the superintendent as Ezra Weedon 
who is mentioned elsewhere (Cilento, 2017; Rowe, 2009) 
in connection with the cable station. The only other men-
tion of meteorological observations that we could find 
is in Rowe  (2009) who mentions the “small allowance” 
Weedon received for taking the observations and that 
in the winter of 1867–68 the thermometers provided for 
the observations “did not register low enough to track 
the temperature.” Newfoundland was a British colony in 
the 19th century but the NMLA does not appear to have 
any relevant documents. We enquired with colleagues in 
Canada and local experts in Newfoundland but currently 
nothing further is known about the meteorological site 
which is surprising given the historical significance of the 
cable station.

4.1.3  |  Observing times

There is very little known about the observing times for 
these observations. The GBI times are therefore taken as 
8 AM, and the international stations follow the same times 
as Craig and Hawkins (2020). Observing times for Heart's 
Content were written on the DWR and changed from 
6 AM local time to 9 AM local time in December 1868.

4.2  |  Weather observations

A total of 569,345 observations of mslp, temperature and 
rainfall were digitized from the 1861–1875 DWRs using 
the approach outlined in Section  3. There are 142,259 
mslp, 152,355 Td, 79,445 Tw, 38,007 Tx, 38,188 Tn and 
115,091 daily rainfall observations in the dataset.

We examine a small sample of these observations by 
comparing with existing overlapping datasets where possi-
ble, especially for pressure, daily temperature and rainfall.

4.2.1  |  Pressure observations

Most of the mslp observations are once daily at 8 AM, but 
with some 2 PM observations included from 1872. The 
coverage of pressure observations for GBI has improved 
substantially compared to the current availability in ISPD 
across 1861–1875 with improvements in coverage across 
Europe too, particularly over France and Scandinavia 
(Figure 4). This provides a basis for better representation 
of weather events in extended reanalyses such as 20CRv3 
(Slivinski et  al.,  2021) with reduced ensemble spread 
(Hawkins, Brohan, et al., 2023).

The quality of the newly recovered DWR pressure ob-
servations can be assessed by comparing time series at re-
peated sites across dates where there is overlapping data. 
For example, the EMULATE project (Ansell et al., 2006) 
recovered sub-daily pressure series for various locations 
across Europe and beyond. Not all of this data was used 
in ISPDv4. For 14 UK sites, the EMULATE pressure ob-
servations were transcribed from the DWRs, so provide a 
direct comparison with our recovered data from the same 
source. For the 4 longest overlapping series, the agree-
ment is excellent (Figure 5) with differences of >1.6 hPa 
being present in less than 1% of observations. We choose 
this 1.6 hPa threshold as it is the assigned uncertainty for 
individual sea level pressure observations in 20CRv3. Note 
that for Greencastle, the EMULATE data includes 2 PM 
observations for 1868–1871 which were not transcribed 
in this study. This may cause the appearance of more fre-
quent differences in the left column of Figure 5 than when 
comparing observations at the same time of day (right col-
umn). This comparison helps demonstrate the reliability 
of our volunteer-transcribed data.

In addition, there are three locations for which over-
lapping pressure data exists in ISPDv4 for the same site, 
but where the data likely came from different original 
sources. Specifically, Figure  6 considers these observa-
tions for Galway (1861 to 1864) and Stornoway (1873 to 
1875). There are also data for Plymouth in ISPDv4 for 
which the agreement between the two sources is excel-
lent, apart from a small offset (0.4mb), probably due to 
different station height corrections applied in two dif-
ferent sources (not shown). We also denote in Figure 6 
whether the existing ISPDv4 observations were suc-
cessfully assimilated or rejected by the 20th Century 
Reanalysis v3 (20CRv3; Slivinski et  al.,  2019, 2021). 
Observations that are rejected are those that appear to 
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      |  9CRAIG and HAWKINS

be inconsistent with the dynamical reconstruction con-
strained by nearby observations.

The mslp pressure observations from the DWRs and 
surface pressure observations from ISPDv4 for Galway 
(Figure  6) are rather inconsistent, apart from several 
months in 1862 where ISPDv4 surface pressure is always 
about 0.8 hPa greater than the mslp from the DWRs. It is 
unclear why this consistent offset exists since the mslp ob-
servations should be slightly larger for a given time and 
location. This suggests that there is an issue with the con-
version to sea level in one or both sources but the altitude 
of the presumed Galway site is only a few metres above 
sea level. Twelve ISPDv4 Galway observations were re-
jected by 20CRv3 in the time period shown (red dots in 
right column of Figure  6). Further investigation of the 
Galway data is ongoing.

For Stornoway (Figure  6), there is better agreement 
between the data from two different sources. The DWR 
data is already converted to mslp, whereas the ISPDv4 
data is for station pressure. This explains the small sea-
sonal cycle in the differences, as the correction to sea level 
will be larger in summer than winter due to the warmer 
temperatures.

Overall, these comparisons highlight two locations 
where the existing ISPDv4 data appears very reliable 

(Plymouth, Stornoway) and one location which requires 
additional assessment (Galway), although it is not clear 
which dataset may be erroneous. However, the EMULATE 
project also recovered the same DWR data for Galway and 
the agreement with this study is excellent (not shown).

4.2.2  |  Case studies: 20th January 1863 and 
18th January 1872

One use of these new observations will be to better re-
construct the atmospheric circulation in reanalyses such 
as the 20th Century Reanalysis. We briefly highlight this 
potential using two case studies of severe storms. The 
20CRv3 reanalysis consists of 80 ensemble members to 
represent the uncertainty in the reconstructed circulation 
patterns.

On 20th January 1863, a low-pressure system was lo-
cated between Norway and the Shetland Isles in the 20CRv3 
ensemble mean (Figure 7a). Zong and Tooley (2003) noted 
that on 19th and 20th January there was flooding on the 
coast of North-East England. On 21st January, The Times 
newspaper published various accounts of the storm, 
such as a “perfect hurricane” during the night in London 
and the highest tide for 6 years at Bristol (more than 

F I G U R E  4   Land stations across Europe with pressure observations currently in ISPD (blue squares) and the stations from the DWRs 
(red circles) for each year in 1861–1875. Some of the DWR stations are the same locations as data already in ISPD but can be at different 
times of day. Each symbol represents a station with more than 30 observations during the year.
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10  |      CRAIG and HAWKINS

F I G U R E  5   Comparing mslp observations from four sites from EMULATE and this study. The data came from the same source but were 
transcribed in two independent projects. The differences (EMULATE minus DWR) are shown in the right column and the percentages refer 
to the proportion of data which disagree by more than 1.6 hPa.

F I G U R E  6   (left) Comparing pressure observations from two sites from ISPDv4 (black) and this study (red). The differences (right 
column; ISPDv4 minus this study) show substantial disagreements for Galway and a small seasonal cycle in Stornoway. The percentages in 
the right column refer to the proportion of data which disagree by more than 1.6 hPa.
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      |  11CRAIG and HAWKINS

6 feet, roughly 2 m). Letters from several locations such 
as Dover, Shields and Liverpool were published in the 
newspaper that detailed damage to buildings and ships, 
thunder and lightning, railway disruption and high tides 
from the strong winds (The Times, 1863). The 1863 Met 
Office Annual Report also documented “violent and uni-
versal gales” for 3 days from 19th January along Western 
Scotland and the Irish Sea. There were storm warnings for 
all coasts and a ship was driven into Belfast by the “stress 
of weather.”

The 20CRv3 ensemble mean mslp for this storm is 
greater than the DWR observations over Scotland and 
Eastern England by up to 4 hPa when gravity corrections 
(Craig & Hawkins, 2020) are applied to the observations 
(Figure  7a), highlighting that the existing observations 
used in 20CRv3 (crosses) are not dense enough to accu-
rately represent the severity of the storm. However, the 
ensemble mean mslp is closer to the DWR observations 

over South-West England (specifically Penzance and 
Portsmouth). The ensemble standard deviation is great-
est north of Scotland with values in excess of 12 hPa 
(Figure 7c).

We also examine the reanalysis using the standard 
z-scores,

where pR is the 20CRv3 ensemble mean mslp, p0 is the ob-
served DWR value, and σ is the ensemble spread (standard 
deviation). This approach calculates how many standard de-
viations separate the observation from the ensemble mean. 
For this case study, the largest z-scores at Lorient (0.97) 
and The Helder (0.79) with the smallest at Queenstown 
and Rochefort where |z| < 0.1 (Figure 7c). For a “reliable” 
ensemble, we would expect around one-third of the ob-
servations to be outside ±1 standard deviations but, in this 

z =
pR − p0

�

F I G U R E  7   Ensemble mean 20CRv3 mslp (contours) and DWR mslp observations (grey circles and black numbers) with approximate 
gravity corrections applied (a,b) and 20CRv3 ensemble spread (filled contours) and z-scores (grey circles and black numbers) for 8 AM 20th 
January 1863 (a,c) and 8 AM 18th January 1872 (b,d). The time stated in each panel is the time of the British and Irish DWR observations, 
with observations from Europe within 3 h of the DWR observations also included. The grey crosses in panels (a) and (b) indicate the 
locations of land and sea pressure observations in ISPDv4 within 3 h of the DWR observations. Darker crosses indicate multiple observations 
at these locations within 3 h of the DWR observations. Units are hPa.
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12  |      CRAIG and HAWKINS

example, none are, suggesting that the ensemble spread is 
too large and so underconfident.

The 20CRv3 ensemble mean mslp was also compared 
to additional undigitized data from Shetland and Orkney. 
These data were obtained from Scottish Meteorological 
Society documents that are available online from the 
UK National Meteorological Library & Archive (NMLA). 
Kirkwall and Sandwick Manse on Orkney have mslp of 
960.6 hPa when corrected for gravity and temperature, 
and Bressay Manse on Shetland has 957.1 hPa. This sup-
ports the comparison between the DWR observations 
and 20CRv3 that the ensemble mean mslp is ~4 hPa too 
high compared to the observations, but does suggest that 
the mslp gradient is approximately correct so the centre 
of the storm may be close to the correct location. The 
tightly packed isobars in Figure 6a indicate a strong north-
westerly flow across GBI which is consistent with the an-
ecdotal evidence of strong winds and reports of flooding 
(Zong & Tooley, 2003). Considering the sparsity of pres-
sure observations in ISPDv4 (Figure 4) and size of the en-
semble spread (Figure 7c), 20CRv3 represents this storm 
well, but that representation would likely improve if 
these additional observations were assimilated (Hawkins, 
Brohan, et al., 2023).

On 18th January 1872, there was a low pressure off 
North-West Scotland (Figure 7b) that was not mentioned 
by Lamb and Frydendahl  (2005) in their catalogue of 
storms in this region. The 20CRv3 ensemble mean mslp 
suggests that the centre of the storm was between 956 
and 952 hPa and the tightly packed isobars indicate strong 
westerly winds across GBI. Notes on the second page of 
the DWR support this with a mention of a “stiff gale from 
SW at almost all stations last night” that “veered to WNW 

at the Irish stations and Ardrossan” and was “blowing 
hard in the NW.” The pressure gradient between Thurso 
and Rochefort (48 hPa, Figure 7b) is also noted on the sec-
ond page of the DWR.

Gravity-corrected mslp from the DWR at Thurso and 
Nairn (952 and 953 hPa, Figure 7b) indicate that, similar to 
the previous case study, the ensemble mean 20CRv3 mslp 
is ~4 hPa too high. Nairn's mslp observation of 952 hPa sug-
gests that the centre might be too far north. Further south, 
ensemble mean mslp at stations around the English channel 
are much closer to the DWR observations with the 20CRv3 
values at Plymouth and Portsmouth within 2 hPa of the 
observations. The DWR observations at Nairn, Aberdeen, 
Leith, Scarborough, Oxo, The Helder & Rochefort are more 
than one standard deviation away from the 20CRv3 en-
semble mean (Figure  7d). Valentia, Lyon, Yarmouth and 
Portrush have very small z-scores by comparison (less than 
0.3), indicating that these observations are much closer to 
ensemble mean. Approximately 75% of the z-scores are 
within ±1 which is closer to what would be expected, al-
though the ensemble spread is probably slightly too large. 
In this case study, there are more observations used in the 
construction of 20CRv3 and the ensemble spread decreases 
from west to east with a region of 8 hPa ensemble spread 
over the Atlantic Ocean west of Scotland (Figure 7d).

4.2.3  |  Temperature observations

We can also compare some of the rescued temperature 
observations with existing digitized records and with the 
20CRv3 reanalysis. In Figure  8, we compare the DWR 
temperature observations for an example year (1873) to 

F I G U R E  8   Comparison between DWR temperatures, MIDAS temperatures, and 20CRv3 ensemble mean. In (a) and (b) the differences 
between DWR and MIDAS Tx (orange) and Tn (blue) at Liverpool and Oxford in 1873 are shown along with the daily differences between 
the DWR values and 20CRv3 Tx (solid line) and Tn (dashed line). Breaks in the lines for the 20CRv3 temperatures indicate days where there 
are no DWR observations.

(a)

(b)

 20496060, 0, D
ow

nloaded from
 https://rm

ets.onlinelibrary.w
iley.com

/doi/10.1002/gdj3.236 by T
est, W

iley O
nline L

ibrary on [30/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  13CRAIG and HAWKINS

data from the Met Office Integrated Data Archive System 
(MIDAS; Met Office, 2023) and the 20CRv3 ensemble 
mean for Liverpool and Oxford.

At Liverpool, the DWR and MIDAS observations are 
almost exactly the same for most of 1873 (Figure 8a) with 
only small differences or some notable outliers. However, 
throughout March the Tn differences change from neg-
ative (DWR < MIDAS) to positive (DWR > MIDAS) and 
back to negative before becoming approximately equal 
again in April. It is not clear what has caused these dif-
ferences and we cannot confidently provide an explana-
tion. There does not appear to be any common patterns 
between the MIDAS and 20CRv3 differences, although 
there is a strong warm bias in Tx from April to July. Since 
the 20CRv3 values are estimated using bilinear interpola-
tion and the Liverpool site is close to the coast, there may 
be some influence from temperatures at grid points above 
the ocean in the calculation.

The differences in Tx and Tn at Oxford are approxi-
mately zero throughout 1873 (Figure 8b). There are some 
small negative Tn differences of less than 5°C in January, 
February, November and December with only four dif-
ferences exceeding −5°C in the entire year. These larger 
differences in Tn also appear to coincide with some nota-
ble differences between the DWR and 20CRv3 in October 
which suggests that the DWR observations may be in 
error and too cold compared to MIDAS and 20CRv3. The 
Tx differences between DWR and MIDAS are also approx-
imately zero throughout 1873 with one positive difference 
close to 5°C in June that occurs when the 20CRv3 Tx also 
exceeds the MIDAS value by a similar amount, suggesting 
that the DWR observation may be too warm for that day.

4.2.4  |  Rainfall observations

A final comparison can be made with previously digi-
tized daily rainfall observations. The only two stations in 
MIDAS that overlap with the DWR data are Oxford and 
Liverpool. Figure 9 compares the daily rainfall for 1873 for 
the two sites from the two sources. Overall, the agreement 
is good, with the root mean square differences (RMSD) be-
tween the series being around 1.4 mm, with similar values 
for 1874 (not shown). We are unsure what may cause dif-
ferences as the original source for the MIDAS data is un-
certain, but it is possible that the time of observation may 
be slightly different. There are also gaps in the DWR data 
and the MIDAS data is shown with black bars with circles 
on top to indicate those days.

5   |   SUMMARY

We have described the citizen scientist transcription and 
quality control of around 570,000 instrumental weather 
observations taken between 1861–1875 at 71 locations, 
mainly across Great Britain & Ireland, and extending 
across north-western Europe with some limited data from 
Canada. This project has again demonstrated how volun-
teers can effectively recover detailed meteorological ob-
servations from archive material (Craig & Hawkins, 2020; 
Gergis et al., 2022; Hawkins et al., 2019; Lakkis et al., 2022; 
Sieber & Slonosky, 2019). Using two case studies, we have 
also highlighted that the rescued pressure data will likely 
allow improved reconstructions of severe storms during 
this period.

F I G U R E  9   Daily rainfall in mm 
during 1873 for Liverpool (top) and 
Oxford (bottom). Both panels contain 
data from MIDAS (blue) and this 
dataset (orange). Days where there are 
observations for MIDAS but are missing 
from the DWRs are shown with black 
bars and circles. The RMSDs between the 
series are indicated.
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Limited resources mean that the “Additions and 
Corrections,” which are available from July 1868 on-
wards (see Section 2), have not yet been transcribed or 
applied to the data so there will be a small fraction of 
potentially erroneous data. However, the comparisons 
with existing data in Section  4 suggest that the newly 
rescued data are of high quality. The data recovered from 
this effort agree well with a small number of overlap-
ping series rescued in other projects, but we have iden-
tified Galway as a location where more effort is needed 
to ensure the reliability of the existing and newly re-
covered data. Further improvements could be made to 
this dataset with regard to data that we were unable to 
digitize. For example, only ~50% of the Heart's Content 
pressure observations were digitized because they were 
transmitted too late to be published in the DWR so were 
later recorded in the additions section. These pressure 
data could be important for generating improved rep-
resentations of the downstream cyclogenesis phase of 
North Atlantic cyclones in 20CRv3 and other long-term 
reanalyses.
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