INTERNATIONAL JOURNAL OF CLIMATOLOGY
Int. J. Climatol. 30: 791-812 (2010)

Published online 28 April 2009 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/joc.1918

Royal Meteorological Society

Air temperature changes in the arctic from 1801 to 1920

Rajmund Przybylak,* Zsuzsanna Vizi and Przemystaw Wyszynski
Nicolaus Copernicus University, Department of Climatology, Torun, Poland

ABSTRACT: In this paper, the results of an investigation into the thermal conditions in the Arctic in the period from
1801 to 1920 are presented. For this ‘early instrumental’ period limited meteorological data exist. Generally, the first
meteorological stations in the Arctic were established in the second half of the 19th century and almost all of them were
located in the coastal parts of Greenland. In order to get at least a rough idea of thermal conditions in the Arctic in the
study period, data from different land and marine expeditions were collected. A total of 118 temperature series of monthly
means have been gathered. Although the area and time periods covered by the data are variable, it is still possible to
describe the general character of the temperature conditions.

The results show that the areally averaged Arctic temperature in the early instrumental period was 0.8 °C lower than the
next 60-year period (1861-1920). In comparison to present-day conditions, winter and autumn were significantly colder
(winter by 1.6°C and autumn by 0.9 °C) than were summer (colder by 0.4°C) and spring (colder by only 0.2°C). The
air temperature in the real Arctic during the first International Polar Year (IPY) was, on average, colder than today by
1.0-1.5°C. Winter was exceptionally cold with the average temperature being lower by more than 3°C in all months
except February. On the other hand, spring (March—May) was slightly warmer than today, and April was exceptionally
warm (1.1 °C above present norm).

The temperature differences calculated between historical and modern mean monthly temperatures show that majority
of them lie within one standard deviation (SD) from present long-term mean. Thus, it means that the climate in the early

instrumental period was not as cold as some proxy data suggest. Copyright © 2009 Royal Meteorological Society
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1. Introduction

Our knowledge of recent air temperature changes in the
Arctic (over the last 80—85 years) is, relatively speak-
ing, fairly well developed (see e.g. Przybylak, 2002,
2003, 2007; Bobylev et al., 2003; McBean et al., 2005).
Prior to 1920, however, regular instrumental observa-
tions were only rarely carried out. Only six records
(Jakobshavn: start date 1866; Upernavik 1873; Godthab:
1875; Ivigtut: 1875; Angmagssalik: 1894; and Malye
Karmakuly: 1896) extend back to the second half of
the 19th century. Recently, temperature series for some
stations located in the western and southern parts of
Greenland have been extended into the late 18th cen-
tury by Vinther et al. (2006) using early observational
records. Nevertheless, quite a number of large gaps exist
in these series. As can be seen all stations (except Malye
Karmakuly) are located in the coastal parts of Green-
land. Przybylak (1996, 2002) found that temperature
changes in this part of the Arctic tend to be indepen-
dent of each other. As a result, the use of these data
to reconstruct the temperature history of the other parts
of the Arctic would be inappropriate. In the first two
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decades of the 20th century there were only four sta-
tions operative (Nome and Barrow in Alaska, Green Har-
bour in Spitsbergen and Bjorndya in Bjorndya Island). In
the Nome and Green Harbour stations, meteorological
observations started in December 1906 and 1911 respec-
tively, whereas in the other two they began significantly
later, i.e. in 1920. Therefore, any climatic data prior
to 1920 — and in particular for the 19th century — are
very important for an evaluation of climatic variation
and change in the Arctic. Better knowledge about cli-
mate variation in the early instrumental period is also
very important for determining its range, which is driven
mainly by natural factors. Such data would also allow
us to determine more accurately the magnitude of influ-
ence of anthropogenic factors into present Arctic climate
changes. More complete information about the histor-
ical climate is also helpful for the validation of cli-
mate models. Awareness of all these facts has recently
prompted some researchers to undertake a search for
such data (e.g. Przybylak, 2000a; Wood and Overland,
2003, 2006; Przybylak, 2004; Liidecke, 2005; Przyby-
lak and Panfil, 2005; Przybylak and Vizi, 2005; Kli-
menko and Astrina, 2006; Vinther et al., 2006; Cappellen
et al., 2007, and many previous Danish Meteorological
Institute (DMI) Technical Reports, which can be found
on: http://www.dmi.dk/dmi/dmi-publikationer.htm). For
a more detailed review and a reference list of some older
publications for the Canadian Arctic see Przybylak and
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Vizi (2005), and for Greenland see Vinther et al. (2006)
and Cappellen et al. (2007).

In this paper we present the recent results of our
investigations carried out as part of the ACEIP project
(History of the Arctic Climate in the 19th Century
and the Beginning of the 20th Century Based on Early
Instrumental Data), which in turn is part (WP4.6) of the
IPY-CARE/ASR (Climate of the Arctic and its Role for
Europe/Arctic System Reanalysis) project. The climate of
the Arctic in historical times (1801-1920) is compared
with the contemporary climate (1961-1990).

120°
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2. Area, data and methods

In the ACEIP project various kinds of meteorological data
have been collected for study purposes. In the present
paper, however, analysis is limited to the main meteo-
rological variable, i.e. air temperature. Also, so far only
monthly means have been used to characterize climate
for the analysed period. These data have been collected
for the area of Arctic defined after Treshnikov (1985)
(see Figure 1) for the period 1801-1920. The majority
of meteorological measurements (Figure 2) were made
during various land and sea exploratory and scientific
150°
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Figure 1. The real Arctic and its climatic regions (adapted from Treshnikov, 1985). The southern Arctic boundary has been delimited using mean
long-term values of almost all meteorological variables. 1 — boundary of the Arctic, 2 — boundaries between climatic regions.
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Figure 2. Location of measurement points operating in the Arctic from 1801 to 1920. First IPY stations: 1- Point Barrow, 2 — Kingua Fjord,
3 — Lady Franklin Bay, 4 — Godthab, 5 — Jan Mayen, 6 — Kapp Thordsen, 7 — Malye Karmakuly, 8 — Kara Sea, 9 - Sagastyr.
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expeditions, many of which took place following the first
International Polar Year (IPY) 1882/83. As can be seen
from Figure 2, expeditions were sent mainly to the west-
ern and European parts of the Arctic. As a result, a large
number of temperature series were collected for these
areas (Table I). On the other hand, relatively few data
series exist for the Arctic Ocean, Alaska and the Siberian
part of the Arctic. The number of expeditions and mete-
orological stations operating in the Arctic throughout the
study period was variable. The majority of them were
noted after 1880 (29 in 1881—-1900 and 35 in 1901-1920)
and between 1841 and 1860 (24), and the fewest from
1801 to 1820 (2, Figure 3). The impulse for the organ-
isation of many expeditions in the last 40 years of the
study period was the success of scientific investigations
carried out during the first IPY. In turn, a large num-
ber of expeditions in the period from 1841 to 1860 were
strictly connected with the lost expedition under the com-
mand of Sir John Franklin. Following the disappearance
of Franklin’s expedition (1845), the Royal Navy sent a
great number of search expeditions to the Canadian Arc-
tic.

Up to now, 118 historical temperature series have been
collected (Table I) for the Arctic ranging in duration
from 1 month to 120 years (SW Greenland reconstructed
series). The majority are for Atlantic (48) and Canadian
(43) regions, whereas only one series is available for the
Arctic Ocean. The majority of series (77.1%) are shorter
than 2 years (Figure 4). The greatest number of series are
for a year (34) or less (35), whereas only four series are
longer than 20 years.

Table I. Number of mean monthly temperature series for the
Arctic from 1801 to 1920.

Regions* Number of temperature series Years
Atlantic 48 1832-1920
Siberian 5 1820-1920
Pacific 13 1848-1920
Canadian 43 1814-1910
Baffin Bay 8 1801-1920
Interior Artcic 1 1893-1896
The whole Arctic 118 1801-1920
* after Treshnikov (ed.) 1985
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Figure 3. Number of temperature series (n) in the 20-year periods in
the Arctic from 1801 to 1920.
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Figure 4. Number of temperature series (n) with different periods of
observations in the Arctic from 1801 to 1920.

Statistics of data coverage for the study area, for all
analysed 20-year periods and for the study period as a
whole are presented in Table II. More details of gathered
temperature series (location, duration, sources of data) are
available in Appendix and at http://www.umk.pl/~vizi/
Appendix.pdf. The series of mean monthly temperature
data were taken directly from the various publications
or have been calculated by the authors using available
data of a higher resolution (e.g. daily or hourly). Taking
together all the information presented in Tables I and II,
Figures 2—4 and in Appendix, it is clear that information
about temperature conditions for different Arctic regions
and for different seasons is variable and limited. There-
fore the averaged results that are presented for individual
regions and for the Arctic as a whole should be treated as
the best approximation of the real climate that currently
exists. We are still looking for new data series in the
hope that, if they exist, they will allow us to improve our
knowledge in the future. Thus any assistance that readers
of the current paper may offer in providing such series
would be welcomed.

The second dataset includes contemporary data (1961—
1990) obtained either for the historical sites or for areas
located near such sites. In the first case, the locations
of meteorological observations in the historical and con-
temporary periods are the same or, where possible, the
average long-term characteristics have been calculated
using mathematical interpolation (kriging) for the histor-
ical sites. The modern values obtained in this way for
historical sites were compared with those from the period
1801-1920. Using this procedure, the differences result-
ing from different geographical locations of historical and
modern observation points were removed. Sites for which
this procedure was not possible (when, for example, the
number of available meteorological stations located near
the historical site was too small) corrections have been
made based on the analysis of the spatial distribution of
air temperature between the historical site and the nearby
modern station.

However, the reader must be aware of the fact that
some sources of errors and biases still remained. For
example, such errors and biases may result from the
use of different types of instruments and recording
schedules (which determined the methods for calculating
daily means and monthly means) and differences in

Int. J. Climatol. 30: 791-812 (2010)
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thermometers’ exposures. The problem is that it is
impossible to estimate some of these errors because
of a lack of information. Przybylak and Vizi (2004)
estimated that biases connected with different methods
of calculating monthly means in historical and present
times are small and generally do not exceed 0.2 °C (that
work also includes details about sources of data and their
quality).

3. Results and discussion

3.1

The annual courses of average temperature calculated
based on all available data for the whole study period
1801-1920 and for two sub-periods, 1801-1860 and
1861-1920, are shown in Figure 5. However, to obtain
more reliable results, the bias resulting from the rising
quantity of data with time and changing spatial coverage
was to some degree reduced by initially calculating 20-
year means, and then using these as a basis for further
calculations. All three curves presenting annual courses
of air temperature generally reveal similar patterns of
changes. Firstly, it was clear that the coldest months were
February and January and the warmest were July and
August. Positive average values of monthly temperature
(aside from July and August) were also noted in June.
Secondly, the second half of the year was warmer than
the first.

A detailed comparison of the historical and mod-
ern temperature data is presented in Table III and
Figures 6—8. All the data gathered confirm the very well-
known fact that the Arctic in the analysed historical
period was colder than at present. On average, the Arc-
tic as a whole was colder by 0.8 °C (Table III). Atlantic,
Siberian and Canadian regions were the coldest parts of it
(about 1°C), whereas the Baffin Bay region saw the least
cooling (only 0.4°C). Annual mean temperatures in all
the 20-year periods and in all climatic regions were colder
than today (Table III, Figure 6). Differences generally are
less than 2°C. Almost similar patterns of temperature
changes between comparable periods were observed in
winter and autumn. In winter all differences are nega-
tive and varied from 1°C to 4°C. On average, winter

The whole period

R. PRZYBYLAK ET AL.

was colder by 1.6°C, with a maximum (about 2°C) in
January and February (Table III, Figure 7). Negative dif-
ferences clearly dominate also in autumn. Only in three
20-year periods were slight positive differences noted
(Table III, Figure 6). Significantly colder autumns were
observed in the period 1801—1860 in comparison with the
period 1861-1920 (Figure 7). On average, this season in
the Arctic throughout the whole study period was colder
than the present by 0.9 °C. On the other hand, summers
and especially springs were not so cold in comparison
with the present thermal conditions. Their negative tem-
perature differences averaged for the entire Arctic and
the period 1801-1920 amounted to —0.4°C and —0.2°C,
respectively (Table III, Figure 6).

Generally Vinther et al. (2006) found very similar
results for south-western Greenland (merged Greenland
temperature series). For example, the air temperature
differences that they calculated between the periods
1811-1920 and 1961-1990 (using data published in
their Table VIII) amounted to —1.1°C, —2.4°C, —0.6°C,
—0.3°C and —0.9°C for annual, winter, spring, sum-
mer and autumn periods, respectively. The reconstructed
mean annual temperature for the Barents and the Kara
seas basin by Klimenko (in press) shows only small
cooling (<0.5°C) in the study period. This cooling was
not continuous throughout the study period. For exam-
ple, greater warming (>0.4-0.5 °C above the 1951-1980
mean) was observed here from 1850 to 1875. Data anal-
ysis for the Canadian Arctic for the period 1819—1859
also reveals a slight cooling (0.3 °C for the annual mean)
in comparison with the present-day value (Przybylak and
Vizi, 2005).

For the period 1861-1920 it is possible also to
compare our data with the data for the whole Arctic
(60—-90°N) compiled by Jones ef al. (1999). We should
remember here, however, that for this period there were
only a few permanent meteorological stations operating
in the real Arctic (defined after Treshnikov, 1985, see
also Figure 1). Thus, in reality, the dataset mentioned
describes mainly the temperature in the 60—70 °N latitude
band and therefore should rather be termed ‘Subarctic’.
Comparison of temperature differences between periods
1861-1920 and 1961-1990, calculated based on both

IOOC
0
-10
-20
-30 T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—— 1801-1860 ------- 1861-1920 —— 1801-1920

Figure 5. Average annual courses of air temperature in the Arctic in selected early instrumental periods.

Copyright © 2009 Royal Meteorological Society

Int. J. Climatol. 30: 791-812 (2010)



797

AIR TEMPERATURE CHANGES IN THE ARCTIC

(fpajtaa0 panuguod)

01— TI- TO— 01— 91— §0 IT- LT—- 80— #0— €0— [0 ro- 01— 61— 87— tI— anory
90— 90— Ft0— 90— 60— O0F€ 00 L0— 0I— #0— S0— €0— 0 60— 01— vI— €€ Keguypeg
VI- 91— #0 SI- 87— ¥I- Ti— vI— v0— €0— #0 I £0 60— TIb— 0€— 6€—  uwpeue)
Lo— LT- TI- 60 SI- 97— L§— 0 ST— 80— 80 90— ST 90  vI— oyioed
ueLIqIS

SI-  vT— €0— S8I- 9T- 9¢- ST— O0Ob— 90— 90— €0— T0— 07— SI- SI— €v— € onueny  0$8T-T9ST
80— ST- 60— 0 TI- 10— TI- 61— 91— L0— TI- 90— €0— 60 o vI-  TT- apoay
Io— 80— 00 S0 10— #¢ TI- ¥0— 80— bv0— T0— £0 70 £0 01 IT- 97— Aeguypeg
01— ¥I- TI- €0 LT- 61— TO0— TT— 61— 60— SI— 60— S0— I T0- ST— LT-  uwpeue)
€7—-  Iv— TT- 60— 61— TT— 9v— TS— 97— S§I- TIi— €7— L0— €0— LI- 91— 07— oy1oeg
ueLIaqrS

onueny  098T-THST
L0— LT— ¥0— T0— LO0— 80 91— 07— ST— ¥0— L0— 00 o z0 Lo— 81— TI- apary
TI- 07— TI-  ¥0—  €I- 0¢€ €7T— 0T— LI—- L0— 80— S8I— 00 S0- 80— se€— Te— Aeguypeg
Po— L0— S0— v0o— 00 [0 00  ¥I- L0— S0— L0— €0— 0T— 90 60— L0— 90 uelpeue)
oy1oeg
S0—- 89— 9¢ 89 Prb—  L9— 0b— €0I— T9— 0¢ £ 92 99 £9 PI-  0S- uenIaqrs

91—  Lb— £0 €1- 60— S€— SL— ve— T 90— €0— T €1 - Te— 90— €1 onueny  OpST-TTSI
61— €7- TI- €1- 8I- 0¢ IT- 61— 67— 8I- 90— €I- 91— 8I- §€- Th— T€— apaay
61— 61— VI- vi- S8I- ¢ 81— €1- LT— 81— TI- TI- S§I- LI- 9¢— ¢p— ¢¢— Keguyeg
91— §T- TO0- TIT- SI- €I 87— 0¢— LI- SI- ST 81— L0— €I— €€— pE— €7—  uwpeue)
oy1oed
79— 97—  ¥b— TL— 69— ueLIaqrS

onueny  0z8T-T0ST

dvAA  NOS  VIf  WVW dfd  D2dd AON  IDO ddS 95V Inf  NAf  AVIN  ¥dV VN gdd  NVI  Suoisoy poLag

UIOPOW pUE [BOLIOISIY Y} WO sanfeA (YVHA) [enuue pue (-039

o101y d[oym Yy pue suoidar ay) 10§ sporrad (0661—-1961)
INVIA ‘AfQ) [eu0seas ‘(010 “YVIN ‘gdd ‘NVI) A[juow uedw uaomidq (D,) SeouaIoIp arnjeradwo) Ire o5e1oay “III 9[qBL

Int. J. Climatol. 30: 791-812 (2010)

Copyright © 2009 Royal Meteorological Society



R. PRZYBYLAK ET AL.

798

soIfewiout 9ANESAU - SJUOJ P[oq ‘86T ('PA) AONIUYSAIL, JONE

80— 60— VvO— c0— 91— S0— | N 80— 80— ¥O0— 90— T0— ro— ro Lo— 81— vi— aMpIy

vo— €0— 90— ro 60— o617 vo— o S0— S0— 80— VvoO— o £0 ro— 61— 87— Aeguyjeq

- vi— S0- 90— 0¢c— viI- T'i- 0¢— 01— 90— 90— ¢€0— 60— £0 T't— Ie— ve— uelpeues

Lo—- S0— 90— 00— L1— 1T 60— o 80— P0— S0— 80— S0— €0— £0 80 6€— dgioed

01— Iv— <1 e €e€—  9¢— 9¢€— cs—  9¢— &1 90 (94 143 9€ S0— ve—  0¢— UeLILqIS

01— vi— 10— 90— 61— 61— Te— I'n— 80— €0— S0— 70 00 €0— S §t— ¢€1- onueny - 0611081

Lo— vo— €0- €0— L= €1I- 60— ro— v0— T0— 90— <To0— To— (A 80— vi— vi— ampIy

To— 20 80— g0 90— 71 60 80 £0 c0— ¢€1— 80— r0 20 £0 I'I— TT—  Aeq uyjeq

Lo— €0— vo— €0— 91— ¢€1- §o 01— T0— €0— €S0— 90— Lo— 60— £0 €1- 17— uelpeue’

90— ro €0— (4| o 81— TT— S0— 0l 00— T0— €0— So0— S0— T0— ro 'l vy— RIISLN |

c0— re— ¢ 20 L= TlI- (4% Te— 6¢C ro vl 91 or S 9¢— TO0— UeLRqIs

01— I— 10— 80— Ie— 1T— | A 90— LO0— T0— S0— €0 10— S0— 3 9¢— LI- onueny 0611061

Lo— 80— €0— o 20 Sl A | (4 & Lo— 90— 90— vo0— <0 00 20 To— I'e— 67— aMmpIy

T0— o vo— 80 I— 60 vo— 80 Io— S0— 90— 00 90 '’ 20 91— 87— Aeguyjeq

61— €c— 00 (4 S 8E— V- (4 % 8¢— 01— 90— o $o 81— £0 1¢— 6€— TS— uelpeue’

€0— yo— S0-—- 60 I— 91— §o £0 c¢i— 60— 20 Lo— (4 Lo— 9°€ 'l (4% dgloeq

(Ao €eE— 70 |8 9v—  6Vv— vy— 8y— 90— 01— &0 60 0l o €v— I's— 6¢— UBLISQIS

L0— SI—  €0— 0 €I— 60— 3 A 0¢— TI— 60— ¥0— <0 £0 80 €0—- I'e— 60— onuepy 00611881
dVdA NOS VIl WVIN  d[Id OHdQ AON IDO 4ddS DAV Tf NAf AVIN ddV  dVIA qg9d  NVI LSUOISY PpoLIed

"(ponuiuoD) TII 21qeL

Int. J. Climatol. 30: 791-812 (2010)

Copyright © 2009 Royal Meteorological Society



AIR TEMPERATURE CHANGES IN THE ARCTIC

.=C

Adlantic region

W
= . S

Jan  Feb Mar Apr May Jun  Jul  Aug Sep  Oct Nov  Dec

— 1801-1860 ------- 1561-1920) — IEI’!]-I'}IEI'

.DC

Pacific region

Jan  Febh Mar  Apr May Jun  Jul  Awg Sep  Oct Nov  Dec

— 1801-1860 ------ 1861-1920 —— 1801-1920

°c

Baffin Bay region

Jan  Feb Mar Apr May Jun  Jul Awg Sep Oct Nov  Dee

[—— 1801-1860 1561-1920 1801-1920]

799

o
c

: | _f"_‘\\ Siberian region

44

| et

a4

6

& 1

b 4 T T T : : :
Jan Feb Mar  Apr May  Jun  Jul  Aug Sep Ot Nov  De

— 1801-1864) ------- 1861-1920 —HHJI-]SQ!'I'
.Oc

Canadian region

dJan Feb Mar  Apr May  Jun  Jul Awg Sep Ot Nov  Dec

= 1§01-1860 ------- 1B61-1920 —— 1801-1920

°c

Aug  Sep Ot Nov  Dec

Apr May Jun  Jul

Jan Feb Mar

[—— 1801-1860 - 1861-1920 —— 1501-1920|

Figure 6. Air temperature differences (°C) between mean monthly values from the historical and modern (1961-1990) periods for selected
climatic regions and for the whole Arctic.

of the datasets discussed, shows fairly similar results,
with the exception of spring conditions. Annual values
are almost the same: —0.9 °C (Jones dataset) and —0.7 °C
(our dataset). In the annual course, there was significantly
greater correspondence in temperature changes between
the compared periods for summer (—0.6°C and —0.3°C,
respectively) and especially for autumn (—0.8°C and
—0.7°C). The greatest discrepancies between the real
Arctic and the Subarctic occurred in spring. The former
was only a little colder than it is at present (by 0.2°C),
whereas the latter experienced quite significant cooling
(by 1.1°0).

In spring, definitely the warmest month was April,
which was the only month out of all the months of the
year to be, on average, slightly warmer (by 0.1 °C) than
today. Very high averages for April (3.6 °C above present
norm), May (3.4°C) and June (2.5°C) were observed
in the Siberian region (see Table III). However, these
results are calculated based only on data from a few
years (Table II) and therefore their long-term means are
not particularly reliable. More trustworthy results are
available for the Canadian and Baffin Bay regions, where,
on average, April was warmer than today by 0.3°C. On
the other hand, negative differences (—0.3°C, i.e. colder
conditions than present) were observed in the Atlantic
and Pacific regions.

Figure 7 shows annual courses of temperature differ-
ences between historical and modern times, along with

Copyright © 2009 Royal Meteorological Society

their stratification into two sub-periods: 1801—-1860 and
1861-1920. Generally, in almost all months, tempera-
tures were colder in the first period. Such a pattern is
particularly evident in the Atlantic, Pacific and Baffin
Bay regions. For Iceland, Ogilvie and Jénsdéttir (2000)
found similar results, based on the analysis of the sea-ice
index. Also the analysis of merged Greenland temper-
atures confirms this finding (see Table VIII in Vinther
et al., 2006). On the other hand, opposite relations are
noted for the Siberian and Canadian regions.

The question arises of whether temperature differ-
ences between historical and present-day monthly means
are significant. To check this, they were compared with
year-to-year temperature variability of each month in the
period 1961-1990, described using standard deviations
(SDs). The results obtained for different areas (areally
averaged data) and sites representing almost all climatic
regions of the Arctic are presented in Figure 8. The
results show that air temperatures in the Arctic from 1801
to 1920 were not as exceptionally cold as has been sug-
gested by some analyses of proxy data (Koerner, 1977;
Overpeck et al., 1997). This conclusion is confirmed by
the fact that the majority of the mean monthly air temper-
atures lie within one standard deviation from the modern
mean (see Figure 8), and only in a few cases do they
exceed the level of two standard deviations. Calculations
based on Jones’s dataset for the period 1851-1920 also
confirm this finding. Przybylak and Vizi (2005) noted

Int. J. Climatol. 30: 791-812 (2010)
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Figure 7. Air temperature differences (°C) between mean seasonal (DJF, MAM etc.) and annual (Year) values from the historical and modern
(1961-1990) periods for selected climatic regions. From left to right the results are presented for the periods: 1801-1820, 1821-1840, etc. 1-
Atlantic region, 2- Siberian region, 3 — Pacific region, 4 — Canadian region, 5 — Baffin Bay region.

this fact analysing temperature data (both of monthly and
daily resolution) for the Canadian Arctic from 1819 to
1859.

3.2. The first International Polar Year (IPY) 1882/83

As was mentioned earlier, the greatest amount of mete-
orological data was collected during the periods of the
so-called Franklin Era (1850s) and the first IPY. The
climate of the Franklin Era is described in detail by
Przybylak and Vizi (2005), and need not be reiterated
here. On the other hand, the meteorological conditions
during the first IPY are still not fully known, although
a few papers dealing with this subject have been pub-
lished recently (e.g. Liidecke, 2004; Przybylak, 2004;
Przybylak and Panfil, 2005; Wood and Overland, 2006).
The reader interested in this topic may also visit a

Copyright © 2009 Royal Meteorological Society

website prepared by the National Oceanic and Atmo-
spheric Administration (NOAA) Arctic Research Office:
http://www.arctic.noaa.gov/aro/ipy-1/index.htm.

During the first IPY period, nine meteorological sta-
tions were operating in the real Arctic (i.e. defined after
Treshnikov, 1985; Figure 1). It is important to note that
meteorological observations in all of these stations were
carried out according to the same methodology and all
of the measurement instruments were subject to strict
calibration and control (before, during and after the expe-
ditions). As a result, all the meteorological data that were
gathered (with hourly resolution) are of good quality and
are fully comparable. In spite of this, however, Wood and
Overland (2006) have rightly noted that no synthesis was
made of the data. The earlier listed papers, together with
the present section describing some temperature charac-
teristics for the first IPY, still analyse only small parts of
the available data (mainly temperature and air pressure).

Int. J. Climatol. 30: 791-812 (2010)
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The rest of the meteorological variables (e.g. humidity,
precipitation, wind, cloudiness) still remain to be dis-
cussed. In the Department of Climatology at the Nicolaus
Copernicus University, these data are currently being dig-
italized and the results of their analysis will be published
in the near future.

As can be seen from Figure 2, the meteorological sta-
tions operating during the first IPY in the Arctic were
roughly evenly distributed and represent almost all the
climatic regions that are currently distinguished in the
Arctic (Figure 1). The common period of the meteoro-
logical observations (taking into account full months) in
all the stations analysed lasted from October 1882 to July
1883. Similar to the present Arctic climate (Treshnikov,
1985 or Przybylak, 2002, 2003), the lowest temperature
during the first IPY occurred in the north-eastern part
of the Canadian Arctic (Lady Franklin Bay), where its
average value amounted to —22.6 °C. In line with expec-
tations, the second coldest region was Siberia (Sagastyr),
with an average temperature equal to —18.3°C. How-
ever, it should be added here that the lowest absolute
minimum temperature was noted not in Lady Franklin
Bay (—49.2°C), but in Sagastyr (—53.2°C).

Copyright © 2009 Royal Meteorological Society

The warmest part of the Arctic during the first IPY was
the western part of the Norwegian Arctic (Jan Mayen),
where the mean temperature for the common period
was only —3.3°C. However, the absolute minimum
temperature was highest not here, but in the Godthab
station (—24.2°C). The highest observed temperatures
almost everywhere (except for Jan Mayen and the Kara
Sea) exceed a value of 10 °C, reaching a maximum value
of 15.8°C in the Kingua Fjord. For the whole period of
the first IPY, the absolute maximum temperature reached
a value of 19.7°C again in the Kingua Fjord.

In the annual course of temperature (including extreme
temperatures), the coldest month in the western Arctic
(except Alaska) was February (Figure 9). On the other
hand, in the eastern Arctic (with the exception of the
Siberian part) and Alaska, this month was the warmest
of all winter months (December—March). In this area,
the coldest month was December or January, although
in Jan Mayen (the most maritime climate) March was
coldest. The warmest month was usually July or August.
From Figure 9 it can easily be seen that the clearest
annual temperature courses are noted in the parts of the
Arctic with the greatest degree of climate continentality

Int. J. Climatol. 30: 791-812 (2010)
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Figure 8. (Continued).

(Siberia and the Canadian Arctic). The annual range
of temperature (i.e. the difference between the warmest
month and the coldest month) exceeds 40°C in three
stations: Sagastyr (46.9°C), Kingua Fjord (43.2°C) and
Lady Franklin Bay (42.3°C). On the other hand, smaller
temperature variations in the annual course were observed
in Jan Mayen and Godthiab, where the annual ranges
amounted to 13.8°C and 20.9 °C, respectively (Figure 9).
The greatest changes in temperature in all stations were
noted from April to June (rise) and from September to
November or December (fall). In summer and winter
months, a stabilization of temperature was noted.
Absolute temperature range (ATR) and diurnal temper-
ature range (DTR) also provide good characterisations of
meteorological and climate conditions, and these values
are shown in Figure 10. The highest monthly average
DTRs in the western Arctic were noted most often in
March or April. In March, the highest DTRs also occurred
in the central part of Spitsbergen. On the other hand, in
the rest of stations, where cyclonic activity is very com-
mon (particularly in the cold half year), the highest DTRs
were observed in winter months. In the common anal-
ysed period (October—July), the highest average DTRs
occurred in Kingua Fjord (7.5 °C), the Kara Sea (7.0°C)

Copyright © 2009 Royal Meteorological Society

and Sagastyr (6.3 °C), whereas the lowest ones were in
Godthab (4.2°C) and Jan Mayen (4.4°C) — Figure 10.
This spatial pattern of the DTR during the first IPY is
roughly similar to the observed pattern in the present
period (Przybylak, 2000b).

Spatial distribution of the ATR occurring in particular
months, and especially in the whole study period, is
similar to the spatial pattern of average DTR, described
earlier. The main difference is the fact that in Sagastyr
and Kingua Fjord, where the highest ATRs are noted
during the common period, their monthly values were not
the highest (except for June and September in Sagastyr).
The highest monthly ATRs were most frequently noted in
the Kara Sea and in Alaska. On the other hand, the lowest
values of these two temperature characteristics show a
very close correspondence both in temporal and spatial
analyses. They are always the lowest (except for July) in
Jan Mayen and Godthab (Figure 10).

The air temperature during the first IPY period was,
on average, colder by 1.0—1.5°C than today. Winter was
exceptionally cold, with average temperature being lower
by more than 3°C in December and January. Summer
1883 was also colder but only by about 1°C (Table IV).
On the other hand, spring (March—May) was slightly

Int. J. Climatol. 30: 791-812 (2010)
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Figure 9. Annual courses of air temperature in the Arctic during the first International Polar Year 1882/83 according to monthly means.
Explanations: 7; — mean daily temperature, Tjn,x — daily maximum temperature, Ty, — daily minimum temperature.

warmer than today, and April was exceptionally warm
(1.1°C above the present norm). In every month (except
January) both positive and negative differences (anoma-
lies) were observed (Table IV), when all stations are
analysed. However, the predominance of negative anoma-
lies is very clear. Roughly speaking, similar anomalies
to those described earlier were calculated for the latitude
band 60-90 °N (Table IV). On the other hand, the North-
ern Hemisphere shows negative temperature anomalies in

Copyright © 2009 Royal Meteorological Society

each month during the first IPY. Thus, it can be concluded
that the Arctic, in comparison with the lower latitudes,
was relatively warmer at this time.

4. Conclusions and final remarks

(1) It would appear that our search for early instru-
mental meteorological data for the Arctic is yield-
ing promising results. Quite a large database has

Int. J. Climatol. 30: 791-812 (2010)
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2)

been established in the Department of Climatol-
ogy at the Nicolaus Copernicus University, although
the process of collecting data is obviously not
finished. We hope that there are still many data
series available, e.g. in different libraries, archives
and private collections, which we can include in
future research. Again, we would welcome any
help from readers in finding new meteorological
data not listed in our database (Appendix and
http://www.umk.pl/~vizi/Appendix.pdf).

The temperature data gathered for the whole Arctic
for the period 1801-1920 clearly indicate that this
period was colder than today, but the average annual
temperature was only about 0.8 °C lower in compari-
son with the present-day (1961-1990) value. Annual
mean temperatures in all the 20-year periods and in

Copyright © 2009 Royal Meteorological Society

3)

“

all climatic regions were also colder than modern
values. It seems probable that, on average, the first
60-year sub-period (1801-1860) was colder in the
Arctic by about 0.3 °C than the second 60-year sub-
period (1861-1920). Cooler conditions were mainly
seen from May to November. However, in the Cana-
dian and Siberian regions the relationship was oppo-
site, i.e. the second sub-period was colder than the
first one.

In the annual course, the greatest differences between
historical and present-day periods occurred in winter
(1.6°C) and autumn (0.9 °C), whereas the lowest was
in spring (only 0.2°C).

Throughout the whole study period, the majority of
mean monthly temperatures lie within one SD from
the modern mean.

Int. J. Climatol. 30: 791-812 (2010)
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Table IV. Temperature differences (°C) between mean monthly values from the first International Polar Year (1882/1883) and
modern period (1961-1990)*. Negative and 0.0 values are shown in bold font.

Station/Region AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG
Point Barrow -0.2 04 -32 -38 -54 =20 6.0 1.0 -05 21 —-09 -18
Kingua-Fjord -59 -53 05 —-46 -89 24 —-04 34 -10 -18 0.6
Lady Franklin Bay 0.8 21 =25 -62 -35 -57 -57 55 —-08 22 13 —-05
Godthab -5 -07 -24 -19 -13 -23 -68 20 -17 -05 -12 -02 -10
Jan Mayen -19 -09 2.0 14 —-44 -16 1.7 —42 12 =33 -02 -07
Kapp Thordsen =21 1.8 04 -59 -13 69 =31 43 -13 -05 -18
Malye Karmakuly -36 -37 -33 -33 -58 58 -14 46 -05 -03 -17 -10
Kara Sea —44 -52 —-43 0.1 —49 5.6 1.6 30 -22 -09 -38
Sagastyr -03 42 -41 -42 -39 -92 -38 -01 04 0.6 04 -1.0
Mean -14 -26 -30 -30 -36 -05 0.0 1.1 00 -03 -13
Arctic (60-90°N)*  -11 -04 -03 -39 -36 -06 0.7 1.8 12 -11 -03 -02 -13
N. Hemisphere*** -02 -02 -05 -05 -06 -07 -06 -06 -03 -03 -01 -02 -02

* - data from the following modern stations located nearest the historical stations have been used: Point Barrow, lqaluit A, Alert, Godthéb, Jan
Mayen, Svalbard Lufthavn, Malye Karmakuly, Mys Kharasavey, and Sagyllah Ary and Ostrov Dunay, respectively

** _ after Jones et al. (1999)
***_ land + sea after Jones et al. (1999)

(5) During the first IPY 1882/83 the spatial patterns
of mean temperature, DTR and some other thermal
characteristics in the real Arctic were roughly similar
to the present ones.

The air temperature in the real Arctic during the
first IPY period was generally colder by 1.0-1.5°C
than today. Winter was exceptionally cold with
average temperature being lower in December and
January by more than 3°C. On the other hand,
spring (March—May) was slightly warmer than today,
and April was exceptionally warm (1.1°C above the
present norm).

Q)

It seems that the results presented in the paper can
be treated as a reliable source of information about
weather and climate variation and change in the early
instrumental period of observations in the Arctic. The
search for meteorological data measured during different
land and marine expeditions to the Arctic reveals that
they are quite numerous, significantly greater than we
expected to find. As we demonstrated in our previous
papers (Przybylak and Vizi, 2004, 2005) the quality
of the data is also quite good. This means that a
significant improvement in our knowledge about the
Arctic climate in the 19th and the beginning of 20th
centuries is possible and depends mainly on a number
of still undiscovered data sources. The ACEIP project,
within which this work has been carried out, is still not
finished and investigations will be continued throughout
the 4th International Polar Year. Certainly, within a few
years we will be able to present more results, e.g. for

Copyright © 2009 Royal Meteorological Society

other meteorological elements. The use of daily and
hourly data, available for some parts of the Arctic,
permits a more precise insight into different aspects of
weather and climate characteristics, e.g. daily and annual
cycles, day-to-day variation and DTRs (for more details
see Przybylak and Vizi, 2005).

The development of a historical meteorological
database for the Arctic is important for the study of
environmental changes in this region and for deter-
mining the existing relations between different ele-
ments of the environment. Such a database will also
be crucial in estimating whether constant relation-
ships between the climate of the Arctic and that of
the rest of the world exist for long-term stretches of
time. A majority of climatologists are now aware of
the importance of data from reanalysis (NCEP/NCAR
reanalysis, ECMWF reanalysis) for climate studies.
Recently it has been suggested that these datasets be
extended to include the 19th century (Allan, 2007).
As such, it is clear that historical meteorological data
from the Arctic will be indispensable in carrying out
such a project, and for numerous other purposes as
well.
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