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Abstract. The climate of the early nineteenth century is for earlier periods we are mostly reliant on reconstructions
likely to have been significantly cooler than that of today, from proxy observations (e.gones et al.2009 and non-

as it was a period of low solar activity (the Dalton minimum) instrumental observations (e Wheeler et a.2006. These
and followed a series of large volcanic eruptions. Proxy re-reconstructions have large uncertainties, and the uncertain-
constructions of the temperature of the period do not agredies are particularly large for the climate of the early 19th
well on the size of the temperature change, so other obseeentury Jansen et 312007): when a combination of low so-
vational records from the period are particularly valuable.lar activity (the Dalton minimum) and a series of large vol-
Weather observations have been extracted from the reportsanic eruptions (notably Tambora in 1815) produced a cool
of the noted whaling captain William Scoresby Jr., and from period — but it is not known either how much the global mean
the records of a series of Royal Navy expeditions to the Arc-temperature fell or how the climate changes varied around
tic, preserved in the UK National Archives. They demon- the world.

strate that marine climate in 1810-1825 was marked by con- Quantifying the climate change of the early nineteenth
SiStently cold SUmmerS,With abundant sea-ice. But although:entury would be of value for climate model de\/e|op_
the period was significantly colder than the modern averagement and validationWagner and Zorita2005, and would
there was considerable Variab”ity: in the Greenland Sea th%e|p constrain proxy reconstructions of |0nge|’_term climate
summers following the Tambora eruption (1816 and 1817)change. Such a quantification is possible because not only
were noticeably warmer, and had less sea-ice coverage, thajte there instrumental observations for the perilgon,

the years immediately preceding them; and the sea-ice covt985 Chenoweth1996 1998 2001 Harrington 1992, but
erage in Lancaster Sound in 1819 and 1820 was low even byhere is also potential to obtain new and additional obser-
modern standards. vations from hitherto overlooked archive sourc&aohan

et al, 2009. Although Arctic voyages in the early 19th
century were not chiefly concerned with scientific investiga-
tion, many experiments were made and many valuable geo-
magnetic, meteorological and oceanographic data were col-

Instrumental records that adequately reflect large-scale clil®cted-

mate change go back only to about 18®¥dhan et al. A recent projectlfttp://www.corral.org.ukhas catalogued
2006 Allan and Ansel) 200§ when the first national me- and photographed the National Archive’s collection of Royal
teorological services were founded and systematic data colNavy logbooks and journals of ships on voyages of explo-
lection began. There are limited instrumental records go-ation and discovery (catalogue section ADM55). Some of
ing further back Jones et a2003 Parker et a].1992, but  these logbooks contain instrumental weather observations,
including those from a group of Arctic expeditions in the
early nineteenth century, and some of these observations

Correspondence td?. Brohan have been digitised as part of the project. Meanwhile, the
BY (philip.brohan@metoffice.gov.uk) international ACRE initiative ttp://www.met-acre.olghas

Published by Copernicus Publications on behalf of the European Geosciences Union.

1 Introduction



http://creativecommons.org/licenses/by/3.0/
http://www.corral.org.uk
http://www.met-acre.org

316 P. Brohan et al.: Arctic weather 1810-1825

augmented this data by digitising additional weather records -30 -20 -10 0 10 20 30
from the published accounts of the same expeditions, and = ‘ : : : : SR
from the published reports of the noted whaling captain SHIES

William Scoresby JuniorJackson2003. These records,

so far scarcely examined by climatologists, provide a unique & 7
insight into the climate of the Arctic of this period, long be-
fore regular observations were established — and it was the
remarkable William Scoresby, a whaler with a scientific ed-
ucation, who first made systematic observations of the tem-
perature of the region.
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William Scoresby Junior followed the example of his father ?

(also William Scoreshy) in becoming a successful and dis- o0 0

tinguished whaling captain; but he improved on his father’s IR HIEERS VAR

example by recording temperatures and weather encountered

on his voyages, and publishing accounts of them. In each &0

summer between 1810 and 1818 Scoresby was to be found,

hunting whales, close to the edge of the ice in Fram Strait; 5 ,,

and he published an account of positions, air temperature and=

pressure measurementsSooresby J(1820. In 1822 he ex-

tended his voyage to the east coast of Greenland, and again

published an account iScoresby Jr(1823. The routes of
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these voyages are shown in Fig. 50 - ' L 50
Whales were easiest to find at the edge of the sea-ice, so o a0 0 o o 2w
the whaling fleet mostly operated as far north as it could get. Longitude

Figure 2 compares Scoresby’s measured temperatures with

the range of values in a modern (1979-2004) air temperaturgig. 1. Routes of William Scoresby’s whaling voyages — split into
climatology, and also shows the range of sea-ice expected aivo panels to avoid muddying the figure. The broad grey line is the
the position of the ship, from a modern sea-ice climatologySeptember sea-ice edge frdRayner et al(2003, median value
for the same period (see Sed}. As the manner in which ~over 1979-2004.

the temperature measurements was made is not known, it is

possible that some differences between them and the clima‘énd sea; as was the following summer (F. Writing to

I if f ional i ) ) : o
tology are an artifact of observational practice (SBc), so Sir Joseph Banks, president of the Royal Society, William

a direct comparison is not appropriate. But, as the measurez e
ments are consistently from the same area, they can be us ssfporesby stated: *| observed on my last voyage (1817) about

to investigate year-to-year changes. 00 square Ieagues',, (18 000 square miles) of the surface of
. . . . __the Greenland seas, included between the parallels’afrral
In Fig. 2 the climatological temperatures and sea-ice

; . 8(°, perfectly void of ice, all of which disappeared within
(blacl_< lines) _do not depend directly on the w<_aa.ther of tr?ethe last two years”. RBarrow, 1846. This combination of
year in question, but only on the route of the ship: if the ship

. : a clear statement from an experienced observer, and instru-
operates further north, the climatological temperatures alon%ental observations of air temperature which indicate the

its route will reduce, and the climatological sea-ice along its )
- ; . same changes, makes the Scoresby papers a compelling and
route will increase. Because these ships are operating close

t0 the sea-ice edge, a small change i latitude will have Jrecise source of information on climate variability.

much bigger effect on sea-ice than temperature. So an in-

crease in the observed temperatures with respect to the clg  Naval expeditions

matology is a direct indicator of a warm year, and in such a

warm year the ship will be operating further north than usualin addition to the interest in the region from the whaling

and the climatological sea-ice along the route of the ship willand economic point-of-view, the British Government, and

increase institutions such as the Royal Society, were keen to spon-
A remarkable feature of Scoresby’s observations is thatsor more ambitious scientifically and politically driven Arc-

the summer of 1816 (the “year without a summer” follow- tic voyages. The hazards of such voyages were not to be

ing the Tambora eruption) was unusuallgrmin the Green-  taken lightly, but considerable rewards were offered: an Act
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of Parliament provided a reward of £5000 to anyone able
to penetrate beyond 8%orth, and £20 000 to any mariner
who could discover a route from the Atlantic to the Pacific in

the Northern Hemisphere — the fabled “Northwest Passage”. = ]
Unfortunately for the government, this offer was not taken
up seriously despite the fabulous sums on offer: the Green-
land whaling ships were not insured to operate outside of the 1 o, 07
normal fishing grounds, and the ships’ masters had to take o+ A
an oath on each voyage that they would not profit from any - -
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activity other than fishingRarrington 1818. So the British 20 - [r = 3 [
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Government found themselves having to call on the Royal Aot Mayt dmi port Mayi dmi

Navy.

At the turn of the nineteenth century, the most recent of- ;]
ficial expedition was that led by Constantine Phipps in 1773 31
(Phipps 1779: Daines Barrington, a prominent member of ¢ 7 14
the Royal Society, had proposed the voyage, and the Ad- = - W[
miralty provided and equipped HMBacehorseand HMS Aprt Mayt uimi it Aprt Mayl dumi it
Carcass— with orders to approach the Pole along the lon-
gitude of Greenwich. The two ships had managed to reach s
only 80.6 North in longitude 2.03East. Fresh activity was 5
spurred in 1818 by the reports of changed ice conditions both ;]
in the Arctic and at lower latitudes: as well as Scoresby’s - [, = TN Cs
findings, ships sailing to Halifax and Newfoundland in 1815— Apri Mayt Junt it Apri Mayt Jumi Jult
1817 were reporting sightings of “ice islands” as far south
as the 40th parallel. At the same period, whaling ships in s+
the Davis strait reported an unusual number of icebergs and -

~10 -

_15 vy 1817

floes drifting southwardBarrington 1818. The possibility 15 - T we s ww
of a clear northern passage to the Pacific could not be ig- ™~ s wn [, 7 e, [
nored, and two new naval expeditions set out in 1818; to be fort eyt MayT T i Avg s Sept

followed by several others in the years following. _ _ . _
. - . Fig. 2. Weather observations from William Scoresby’s whaling
Weather observations have been digitised from five of . .
voyages, air temperatures from each of 10 seasons compared with

these expeditions (Tgblk) all dating from between 1818 modern values. The red points are the observations, the black and
and 1825, and covering the Far North Atlantic and Cana-grey jines are the mean, max and min values from modern datasets
dian Arctic (Fig.3). Some of these logbook records have (monthly averages interpolated to daily, 1979-2004; AT fRigor
been previously recognised as a valuable source of climatet al, 200Q sea-ice fronRayner et a].2003.

data (Ward and Dowdeswell200§. The air temperature

measurements made while the ships were overwintering at

fixed locations have been extracted and analysefrbyby-  endeavour to shape a course direct to Behring's [sic] Strait”
lak and Vizi(2005 andPrzybylak et al(2009. But the ships  (Beechey1843. In the event of obstruction by land or ice,
also measured air pressure, sea temperature, wind speed aBdchan was directed to pass between Greenland and the east
direction, and sometimes humidity; and observations werecoast of America, into Baffin's Bay, and then to the Davis
made while the ships were at sea as well as when in winte6trait and home. He was accompanied by HM&nt com-

harbour. manded by John Franklin. In the event they failed to pene-
trate the pack ice in Fram Strait, spending only one summer
3.1 HMS Dorothea, 1818 in the Arctic.

. _ _ . _ _ Records of the expedition include a logbook containing the
According to the instructions issued to Captain David Dorothea’s positionsRruce 1818 see Fig.3), and another
Buchan of HMSDorotheain 1818, “the passage between containing observations of pressure, air temperature, humid-

the Atlantic and the Pacific is the main object of your mis- ity, wind speed and directioMorell, 1818 (Fig. 4).
sion”. Buchan'’s instructions were quite specific. He was to

sail between Greenland and Spitzbergen — the seas arourgl2 HMS Isabella, 1818

the latter having been generally free of ice as far &9\84.

“there is reason to expect that the sea may continue still moré simultaneous, sister expedition was led by John Ross
open northward, ... In this event you will steer due north ...in HMS Isabellg in company with HMSAlexandercom-

to reach the North Pole. ... on leaving the Pole, you will manded by William Parry. Ross had the same aim —Buchan’s

www.clim-past.net/6/315/2010/ Clim. Past, 6, 3324, 2010
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Table 1. Expeditions from which observations were digitised.

Date Expedition Leader Ships Expedition aim

1818 John Ross IsabellaandAlexander Pacific via Baffin Bay and North-West Passage
1818 David Buchan DorotheaandTrent Pacific via Fram Strait and North Pole
1819-20 William Parry HeclaandGriper Northwest Passage via Lancaster sound
1821-23  William Parry Fury andHecla Northwest Passage via Hudson’s Bay

1824-25  William Parry Fury andHecla Northwest Passage via Lancaster sound
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Fig. 3. Routes of the Royal Navy expeditions providing new obser- % 5|
vations. Filled circles mark overwintering sites.
-10 -~
1
instructions stated “you are to fix with Captain Ross, to éo_g i
whom the other expedition is entrusted, upon a rendezvous £ 06
in the Pacific’ Beechey 1843 — but Ross was instructed 2
to seek a Northwest Passage via Baffin Bay. In the event g %*
they turned back at the entrance to Lancaster Sound, spend- g 02
ing only one summer in the Arctic. The route of the expedi- ? ol
. . . ) T T 1
thn is documented_m the Isabella s.deck |&pEs 1818 see 1818/06/01 1818/08/01 181810/01
Fig. 3), and the ship’s meteorological logbhooRdbertson Date

1818 contains instrumental observations of sea temperature,
air temperature and pressure, supplemented by observatioméy. 4. Weather observations from HM3orothea compared with

of wind speed and direction (Fi§). modern values. The red points are the expedition’s observations, the
black and grey lines are the mean, max and min values from mod-
3.3 HMS Hecla, 1819-1820 ern datasets (monthly averages interpolated to daily, 1979-2004;

sea-ice fromRayner et al.2003 AT from Rigor et al, 2000 and

William Parry was not impressed by Ross’ decision not to Pressure fronAllan and Ansel) 2009

venture down Lancaster Sound, and in 1819 he was ap-

pointed to the command of a follow-up expedition. Parry

commanded HM3Hecla, and was accompanied by HMS rological abstracts in Parry’s account give the ship positions
Griper, commanded by Matthew Liddon. They travelled (Fig. 3), and daily maximum, minimum and mean air tem-
through Baffin Bay and Lancaster Sound, reaching Melville Peratures, sea temperatures and air pressuresgjFig.

Island, where they spent the winter before turning back. Sev-

eral logs from this expedition are in the ADM55 collection; 3.4 HMS Hecla, 1821-1823

but the meteorological loghooks are not among them, so me-

teorological observations have been taken from a publishedn 1821, Parry led a second second Northwest Passage expe-
account of the expedition insteadgrry, 1821). The meteo-  dition: commanding HM3-ury, and accompanied by HMS

Clim. Past, 6, 315324, 2010 www.clim-past.net/6/315/2010/
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Fig. 5. Weather observations from HMSabella compared with  Fig. 6. Weather observations from HM$eclain 1819-1820, com-
modern values. The red points are the expedition’s observations, thpared with modern values. The red points are the expedition’s ob-
black and grey lines are the mean, max and min values from modergervations, the black and grey lines are the mean, max and min val-
datasets (monthly averages interpolated to daily, 1979-2004; SSTies from modern datasets (monthly averages interpolated to daily,
and sea-ice fronRayner et al.2003 AT from Rigor et al, 200Q 1979-2004; SST and sea-ice frdRayner et al.2003 AT from
and pressure frorAllan and Ansel) 20096. Rigor et al, 200Q and pressure frorAllan and Ansell 200§. The

grey band marks the period the expedition spent in winter harbour.

Heclacommanded by George Francis Lyon. They spent two

winters in Foxe Basin, returning in the Autumn of 1823 after mer of 1825. Several logbooks from this expedition are in
failing to penetrate the permanent ice in the strait betweerthe ADMS55 collection, but onlyAustin (1824 contained any
Foxe Basin and the Gulf of Boothia (named Fury and Heclameteorological observations, and these only covered the first
strait) (Parry, 1824and Fig.3). The ADM55 collection in-  Part of the voyage. So again observations have been taken
cludes two meteorological logbooks for thiecla(Various ~ from a published account of the expeditioRafry, 1826
1821, Hoppner 1823 providing air and sea temperatures, air (Fig. 8).

pressures, and wind speed and direction (Fig.The ship’s

position information (latitude and longitude) has been '[aken4 Comparing the expedition records with modern
from Lyon (1823.

climatologies

3.5 HMS Fury and Hecla, 1824-1825 The Arctic is notably sensitive to changes in global climate,

. , and one of the main interests in the observations is in com-
HMS Fury and HMS Hecla also formed William Parry'’s  harisons with more recent climate. As the ships move about,
third Northwest Passage expedition: Parry commanded thg s impractical to compare their measurements to modern

Hecla and Henry Parkyns Hoppner thery. They followed  fiyeq station records — instead gridded climatologies have
a similar route to the 1819-1820 expedition, but got only haen used:

as far as Port Bowen before having to stop for the winter
(Parry, 1826. The Fury was damaged by ice and had to
be abandoned, forcing the expedition to return in the sum-

www.clim-past.net/6/315/2010/ Clim. Past, 6, 3324, 2010
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Fig. 7. Weather observations from HM%eclain 1821-1823, com- Fig. 8. Weather obgervatlons from HMSeclaandFury in 182‘.1_
1825, compared with modern values. The red and blue points are

pared with modern values. The red points are the expedition’s ob D .
servations, the black and grey lines are the mean, max and min vaf—he expedition’s observations (red frdarry, 1826 and blue from

ues from modern datasets (monthly averages interpolated to daily'?‘L.JStm’lmz?’ the bIZCk ac?dt grety lines tirle the mean, l;nax ?ntdd
1979-2004; SST and sea-ice frdRayner et al.2003 AT from  min values from modern datasets (monthly averages interpolate

Rigor et al, 200Q and pressure frorllan and Ansell 2006. The to daily, 1979-2004; SST and sea-ice fréayner et al.2003 AT

- - L from Rigor et al, 200Q and pressure frorllan and Ansel] 2006.
grey bands mark the periods the expedition spent in winter harbours_l_he gregy band markg the pf)eriod the expedition spent irj1 Win?er har-

bour.

— Arctic air temperatures for 1979-2004 are provided by q q h ) included — th h is of
the POLES dataseR{gor et al, 2000. ay-to-day changes) is not included — the range shown is o

seasonal and interannual variability.
— Sea-temperature and sea-ice coverage for 1870 —

present are provided by the HadISST dataRstyher
et al, 2003. 5 Known biases

— Sea-level pressures for 1850—2004 are provided by th&he climatological comparisons show the observations to be
HadSLP2 datasef{lan and Ansel] 2006. expected using modern instruments and current observing
practices. The expeditions were furnished with the best in-
For each observation, the gridded climatological value onstruments of the time, and measurement errors are expected
the day of the measurement, at the location of the ship, hag he small Ward and Dowdeswel2006), but changes in ob-

been extracted for each year from 1979-2004. The meanserying practices can be expected to produce some changes.
maximum and minimum of the yearly values are shown in

Figs.5-8 along with the observed values. This indicates the5.1 Sea temperature

range of observations to be expected from a ship reproduc-

ing the route of each expedition at the end of the twentiethExactly how the sea-surface temperature measurements were
century. As the gridded climatologies used are all monthlymade is not known in most cases, but they are likely to
(interpolated to daily), the short-term variability (diurnal and be measurements of samples taken in some form of bucket

Clim. Past, 6, 315324, 2010 www.clim-past.net/6/315/2010/
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(Prestwich 1874. The SST bias adjustmentsieblland and  ship-specific constant biases betweeh76°C and 1.74C,
Parker(1995 suggest that bucket measurement biases in thend solar heating biases less tha€leven in the tropics. As

Arctic are likely to be small€0.1°C). direct solar radiation is much lower in the Arctic, such biases
_ will be even smaller for these observations. The quality of
5.2 Air pressure the instruments used, and the care in taking the observations,

) ~islikely to be higher for the observations analysed here than
The barometer readings have been corrected for latitudgngse ysed iChenoweth{2000), at least for the naval expe-

(gravity), but probably not for temperature, or for height of gjitions (Ward and DowdeswelR006, the observations are
barometer above sea-level — neither the attached thermomeyerefore unlikely to be seriously in error.

ter temperature, nor the barometer location on the ships are

exactly known. 1t is likely that the barometers were kept 54 Sea-ice

in the captain’s cabin, and so protected from the most ex-

treme cold. A temperature variation of 20 would give a  The meteorological logbooks do not contain systematic,

barometric change of about 3.5 hPa, so the observations magyuantitative statements about sea-ice; but it is possible to
have seasonally varying biases of about this amount. Previinfer the coverage from the movements of the ships. Be-
ous work on marine pressure observations for this period hasause the ships were trying to make their way through ice-
found that readings are sometimes too low by around 5hP#&locked seas, they were operating for much of the time right
— the cause of this bias is still unknowAll@n and Ansel) at the edge of navigable ice. In particular the ships were
2006. The two 1818 expeditions in this dataset demonstratesurrounded by solid ice throughout their periods in winter

this bias (Figs5 and4), although the later expeditions do harbour — they generally had to resort to saws or explosives

not. to break up the ice to get into and out of winter harbour lo-
_ cations Parry, 1821, 1824 1826. Sea-surface temperatures
5.3 Airtemperature also give information on sea-ice: SSTs of less than about

] . 2°C are generally indicative of ice cover, and by the time the
The air temperature measurements are subject to a number @lst reaches 1.8°C (the freezing point of seawater) the ice

biases: cover is complete.

— Thermometer exposure: the modern Stevenson-type
screen did not become common until well into the twen- ¢
tieth century. The measurements may be biased by in-

adequate shielding of the thermometer. 6.1 Greenland Sea — summers of 1810-1817

Inferences about climate of the period

— Solar heating of the ship: the ship is likely to heat up in

: : . ) The biases in Scoresby’s air temperature measurements are
direct sunlight more than its surroundings.

not known exactly, but it is likely that his measurements are
_ Direct heating from the ship: in the very cold condi- too high rather than too low. So for the.years 1810-1815,
tions of the Arctic winter, the interiors of the ships were Where the reported temperatures are typically comparable to
heated by coal fires. This was observed to bias the ther®" lower than modern climatology, it is likely that the climate
mometers on deck. was somewhat colder than in 1979-2004. This is supported
by the observation that he was operating at latitudes where
— As some of the measured temperatures are below theea-ice was rarely or never seen during 1979-2004, in spite
freezing point of mercury-{39°C), some of the mea- of habitually working close to the ice edge.
surements must have been made using less-accurate al-In 1816 and 1817, the temperatures rose significantly, and
cohol thermometersifard and DowdeswelR00§. It the zone of operation moved north (presumably along with
is not known which thermometers were used to providethe sea-ice).
the reported temperatures.
6.2 Baffin Bay — summer 1818
The officers and scientists making the observations were
aware of these problems and took care to minimise andAt the beginning and end of this voyage, when the ship was
understand them. Parry noted that during the winter ofcrossing the relatively warm North Atlantic, the observed air
1819-1820, the ship’s deck thermometers (which providetemperatures were slightly above the modern average, and
the records analysed here) were around 2%B 6L to 2°C) the observed SSTs slightly below (Fig).. When the ship
higher than measurements on shore. He attributed this difreached the modern-day sea-ice edge in the Labrador Sea the
ference to direct heating — though subsequent expeditionsbserved temperatures fell, both in absolute terms and rel-
did not reproduce this effectard and DowdesweglR006). ative to the modern values, and they stayed low throughout
Chenowetl{2000 investigated air temperature measurementthe circuit of Baffin Bay. The 1979-2004 sea ice coverage in
biases in early 19th century marine observations and foundhe region is very variable, and it is likely that in 1818 was

www.clim-past.net/6/315/2010/ Clim. Past, 6, 3324, 2010
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on the high side of the modern range, but not exceptionally7 Conclusions
S0, except perhaps in June, when very cold conditions were

experienced. The logs of whaling voyages and Royal Navy expeditions in
the early nineteenth century offer a valuable source of infor-
6.3 Fram Strait—summer 1818 mation on the Arctic climate of the period. The observations

are regularly and carefully made, and the combination of air
The Dorothea(Fig. 4) saw falls in absolute and relative tem- temperature, sea surface temperature, and ship movement in-
peratures when it reached the modern sea-ice edge in Frafmation allow confident inferences to be made about cli-
Strait. The modern sea-ice coverage at the latitudes the eXyate change in spite of uncertainties about observing meth-
pedition reached is modest (none in warm years), and thig,qs and instruments.
is confirmed by Scoresby’s observations in almost the same p1arine Arctic climate in 1810-1825 (compared to 1979—

place. So, as in Baffin Bay the same year, the summer 0byo4) was marked by consistently cold summers, with a lot
1818 was somewhat colder than in 1979-2004, with moreyt seq.jce. But although the period was significantly colder
sea-ice than usual. than the modern average, there was a lot of variability. In the
Greenland Sea, the summers following the Tambora eruption
(1816 and 1817) were noticeably warmer and had lower sea-
ice coverage than the years immediately preceding them, and
the sea-ice in Lancaster Sound in 1819 and 1820 was low
&ven by modern standards.

6.4 Lancaster Sound and Melville Island — 1818-1819

The most immediately striking point in Fi§.is (as already
noted byPrzybylak and Vizi 2005 the very low winter tem-
peratures. Even more remarkable, however, are the sea-i

conditions: the synchronous drop in SST in the observations ) ) )
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