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ABSTRACT: In this article, the results of an investigation into the atmospheric pressure conditions in the Arctic in
the period from 1801 to 1920 are presented. For this period, which can be described as ‘early instrumental’, limited
meteorological data exist from a network of regular stations. As a result, in order to get at least a rough idea of pressure
conditions in the Arctic in the study period, data from different land and marine expeditions were collected. A total of
94 pressure series of monthly means have been gathered, the duration of which is usually less than 2 years. While the
area and time periods covered by the data are variable, it is still possible to describe the general character of the pressure
conditions. The results show that the areally averaged Arctic pressure in the early instrumental period (1861-1920) was
0.8 hPa lower than today (1961-1990). Lower values of atmospheric pressure were also observed in all study regions,
excluding the Atlantic. The greatest negative differences (—2.1 hPa) have been found for the Canadian Arctic. The greatest
changes between the historical and present times were noted in all winter months and in winter as a whole (—1.9 hPa),
while in summer and autumn they were very small and their average differences came to —0.1 and —0.2 hPa, respectively.
Comparison of historical and contemporary annual courses of atmospheric pressure in the whole of the Arctic and in
its particular regions reveals general consonance. There is evidence to show that changes in Arctic atmospheric pressure
during the whole study period were insignificant. Atmospheric pressure in the first International Polar Year (IPY) period
(September 1882 to July 1883) was, on average, 1.4 hPa higher than in modern period (1961-1990). The greatest positive
seasonal differences between historical and contemporary pressure values occurred in autumn (2.6 hPa), while the lowest
were in winter (only 0.2 hPa). Spatial patterns of average annual and seasonal atmospheric pressure in the Arctic were very
similar to present day ones. The pressure differences calculated between historical and modern mean monthly values show
that almost all of them lie within one standard deviation from present long-term mean (1961-1990). Thus, this means
that the atmospheric pressure in the early instrumental period was not significantly different to that of the present day.
Recent, commonly used gridded datasets of the sea level atmospheric pressure (HadSLP2 and the 20th Century Reanalysis
Project) reveal quite a large positive bias in the period 1850—1920 in comparison to the real data from the instrumental
observations. Copyright © 2012 Royal Meteorological Society
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1. Introduction http://reanalyses.org/observations/international-surface-
pressure-databank]. During an International Arctic Sci-
ence Committee (IASC) Working Groups Workshop held
in Potsdam in January 2011, the Atmosphere Working
Group chaired by James Overland from the National
Oceanic and Atmospheric Administration (NOAA) fully
endorsed this kind of activity (see IASC Working Groups
Workshop Report, 2011). It is widely recognized that
atmospheric pressure, in particular on regional and local
scales, is a very important factor influencing changes in
weather and climate.

In recent years, there has been a significant growth
in interest in the reconstruction of global atmospheric
circulation (including also atmospheric circulation in
the Arctic) from the last few centuries (see Jones
et al., 1997; Slonosky et al., 2001a, 2001b; Luterbacher
et al., 2001, 2002; Polyakov et al., 2003; Wood and
Overland, 2006). In many scientific institutions huge
efforts have been undertaken in searching for and col-
lecting as much historical atmospheric pressure data
as possible, both from marine and land areas [for

more details see, for example, the Atmospheric Circu-
lation Reconstructions over the Earth (ACRE) Initia-
tive, http://www.met-acre.org/Home (Allan et al., 2011)
or the International Surface Pressure Databank (ISPD),

* Correspondence to: R. Przybylak, Department of Climatology,
Nicolaus Copernicus University, Toruri, Poland. E-mail: rpl1@umk.pl

Copyright © 2012 Royal Meteorological Society

In the Arctic, the majority of the research work under-
taken up to now have been directed towards the recon-
struction of the air temperature (see Przybylak, 2000,
2004; Wood and Overland, 2003, 2006; Przybylak and
Panfil, 2005; Przybylak and Vizi, 2005a; Klimenko and
Astrina, 2006; Vinther et al., 2006; Brohan et al., 2010;
Klimenko, 2010; Przybylak, et al., 2010; Wood et al.,
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2010). However, the very good results which have been
obtained in the reconstruction of thermal, precipitation
and many other meteorological variables fields based on
described surface pressure fields (Compo et al., 2011)
significantly strengthen the importance of pressure data
from historical times. That is why, researchers in the
Department of Climatology at the Nicolaus Copernicus
University have developed an electronic database 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 was the part
of the International Polar Year (IPY) CARE project (Cli-
mate of the Arctic and its Role for Europe). The work was
also supported by the Polish-Norwegian Fund as part of
the project entitled Arctic Climate and Environment of the
Nordic Seas and the Svalbard-Greenland Area (AWAKE).

Nevertheless, it is only recently that there has been a
growth in interest in the analysis of atmospheric pressure
data for the Arctic for early- and pre-instrumental times,
and thus there is still a paucity of literature in the
area (Przybylak and Panfil, 2005; Wood and Overland,
2006; Jonnson and Hanna, 2007; Vizi, 2008; Przybylak
and Jankowska, 2009; Przybylak and Wyszynski, 2009;
Brohan et al., 2010; Kiittel et al., 2010).

In this article, we present a synthesis of our work car-
ried out in recent years mainly as part of the ACEIP and
AWAKE projects mentioned earlier. The best coverage
and data quality are available for the first IPY, and that is
why the most detailed analysis has been presented for this
period. Atmospheric pressure in the Arctic in historical
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times (1801-1920) is compared with contemporary val-
ues (1961-1990).

2. Area, data and methods

For the present analysis, only monthly means of atmo-
spheric pressure have been used to characterize changes
of this variable in the study period. These data have been
collected for the Arctic region defined according to Tresh-
nikov (ed., 1985) (see Figure 1 and Przybylak 2003 for
more details) for the period 1801-1920. The majority
of atmospheric pressure measurements (Figure 1) were
made during various exploratory and scientific land and
sea expeditions, many of which took place following the
first IPY 1882/1883 (Figure 2). As can be seen from
Figures 1 and 2, these expeditions were sent mainly to the
western and European parts of the Arctic. As a result, a
large number of pressure series were collected for these
areas (see Figure 2). Prior to IPY-1 the best coverage
of data existed for the Canadian Arctic; subsequently
coverage was better for the Baffin Bay, Atlantic and
Pacific climatic regions (Figure 2). On the other hand,
very few data series exist for the Siberian part of the Arc-
tic. The number of expeditions and meteorological sta-
tions operating in the Arctic throughout the study period
was variable. The majority of them (excluding eight
series longer than 20 years) were recorded after 1880
(23 in 1881-1900 and 32 in 1901-1920) and between
1841 and 1860 (17), and the fewest were from 1801 to
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Figure 1. Location of measurement points operating in the high Arctic from 1801 to 1920. The Arctic and its climatic regions are defined according

to Treshnikov (1985). The southern Arctic boundary has been delimited based on analysis using long-term averages of all meteorological variables,

their seasonal cycles and variability characteristics. I, boundary of the Arctic; II, boundaries between climatic regions. IPY-1 stations: 1, Godthab;
2, Jan Mayen; 3, Kapp Thordsen; 4, Malye Karmakuly; 5, Kara Sea; 6, Sagastyr; 7, Point Barrow; 8, Lady Franklin Bay; 9, Kingua Fjord.

Copyright © 2012 Royal Meteorological Society
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Figure 2. Temporal distribution of the atmospheric pressure observa-
tions in the climatic regions of the Arctic used in the study from 1801
to 1920.
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Figure 3. Number of atmospheric pressure series () in 20 year periods
in the Arctic from 1801 to 1920.

1820 (1) (Figure 3). As summarized by Przybylak et al.
(2010), the impulse for the organization of many expe-
ditions in the last 40 years of the study period was the
success of scientific investigations carried out during the
first IPY 1882/1883. In turn, a secondary maximum in
the number of expeditions working in the Arctic is seen
in the period from 1841 to 1860. This maximum was
evidently connected with the lost expedition under the
command of Sir John Franklin in 1845. Following the
disappearance of Franklin’s expedition, the Royal Navy
sent a great number of search expeditions to the Cana-
dian Arctic. In addition to this, the intensive search for
the North—West Passage conducted in the first half of
the 19th century (also mainly by the Royal Navy) also
resulted in a high level of coverage of data for this region
up to 1880.

So far, 94 historical pressure series have been collected
(Figure 4) for the Arctic ranging in duration from less
than 1 to 48 years [Godthab/Nuuk in south-western (SW)
Greenland]. The majority are for the Atlantic (46) and
Canadian (27) regions, while only two series are available
for the Siberian region. The majority of the series (79.8%)
are shorter than 2 years (Figure 4). The greatest number
of series is for a year (33) or less (29), while only eight
series are longer than 10 years.

More details of atmospheric pressure series (loca-
tion, duration and sources of data) are available in the
Table Al and at http://www.zklim.umk.pl/. The series of
mean monthly pressure data were taken directly from
the various publications or have been calculated by the
authors using available data of a higher resolution (e.g.

Copyright © 2012 Royal Meteorological Society
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Figure 4. Number of atmospheric pressure series (n) with different
periods of observations in the Arctic from 1801 to 1920.

daily or hourly). Taking together all the information pre-
sented in Figures 2—4 and in the Table Al, it is clear that
information about atmospheric pressure conditions for
different Arctic regions and for different seasons is vari-
able and limited. Therefore the averaged results which are
presented for individual regions and for the Arctic as a
whole should be treated as the best approximation which
currently exists of the real climate. 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 which readers of this article may offer in
providing such series would be welcomed.

The second dataset includes contemporary data (1961—
1990) obtained for the historical sites. In some cases,
the site locations of the observations in the two periods
were identical. For those historical sites where this
is not the case, the average long-term characteristics
have been calculated using mathematical interpolation
(kriging) based on the sea level pressure (SLP) data
taken from adjacent meteorological stations available in
Global Historical Climatology Network (GHCN) version
2 dataset (ftp://ftp.ncdc.noaa.gov/pub/data/ghcn/v2/, file:
v2.slp.Z). The only exception was made for the area of
Franz Josef Land, due to the lack of the measurement
points in the GHCN dataset. Therefore, for comparison
purposes, the data from nearest modern stations have
been used, as they give a better approximation of the real
pressure values than those obtained from the interpolation
procedure (for more details see the Table Al). The
modern values obtained in this way for historical sites
were compared with those from the period 1801-1920.
Using this procedure, the differences resulting from
different geographical locations of historical and modern
observation points were removed.

Mean monthly values of atmospheric pressure for
the period 1961-1990 for the same historical and con-
temporary locations have been taken from the fol-
lowing sources: Arctic Climatology Project (2000),
Norwegian Meteorological Institute (http://eklima.met.
no), Canadian National Climate Data and Informa-
tion Archive (http://www.climate.weatheroffice.ec.gc.ca),
Danish Meteorological Institute (DMI) (Cappelen, 2009),
among others.

Reliable pressure measurements need to introduce two
corrections to the original readings, for temperature

Int. J. Climatol. 33: 1730-1760 (2013)
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(to 0°C), and for normal gravity (i.e. pressure reduc-
tion should be carried out according to gravity values
observed at 0 m a.s.] and at latitude ¢ = 45°N). Accord-
ing to Konnen et al. (2003), in the 19th century the
pressure was generally reduced to 0°C using Kémtz’s
formula (1832):

P(0°) = P(t)(1 — 1.62 x 107*T(°C)) (1)
where P(f) means pressure measured at temperature f,
and 7 means temperature of the barometer.

For many Arctic pressure series we have found meta-
data indicating that a reduction of pressure to 0°C has
been carried out, but for some series there is no such
information. Thus, based on Konnen er al. (2003), we
have assumed that this was standard procedure at this
time, and therefore the corrections were not introduced.

There is definitely less information available on the
introduction of corrections for normal gravity to the orig-
inal observations of atmospheric pressure in the Arctic
(see Table I). According to the decision of the fourth
International Polar Conference, held in Vienna in 17th
to 24th April 1884, atmospheric pressure data collected
during the IPY-1 1882/1883 period were corrected only
to 0°C (Wild, 1884). At the time of conference, most
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of processing and storage of the data from IPY-1 was
at quite an advanced stage; furthermore the French Polar
Committee had just started printing their reports and they
did not want to introduce any changes to the publications.
That is why the Polar Commission decided not to correct
the data to normal gravity. However, the corrections, cal-
culated according to the formula shown under Table II,
were placed above tables with barometric observations
published in the first IPY reports. In this study, we cor-
rected the IPY pressure data as well as all data before this
date to normal gravity using the equation given in Cap-
pelen (2009). For the period after IPY-1 we assumed that
gravity corrections should be introduced for the major-
ity of pressure series, and therefore no action was taken.
However, for measurements for which we have found
information in metadata that such corrections were not
made, then we introduced corrections for gravity. For
example, such a situation occurred for pressure observa-
tions from Greenland in the period 1885—-1892. Gravity
corrections are shown in the DMI meteorological year-
books above the tables with original data. Since 1893
pressure data have been corrected to normal gravity.
Knowledge about gravity corrections is very important.
The possible scale of errors in the comparison of histor-
ical data with the present climate is shown in Table II.

Table I. Corrections introduced to barometer readings in original reports, meteorological yearbooks and logbooks.

Corrections 0°C Gravity (¢45°+ A) Sea level
IPY-1 1882/1883% + - -
Greenland stations (DMI) + 1873-1892¢ - —
From 1893 to the present + -
Canadian region® + - -
Atlantic region + —/+ -
Siberian region + —/+ -
Pacific region + - -

+, introduced; —, not introduced; A, altitude.

# According to the decision of the fourth International Polar Conference in Vienna, April 17-24 1884; calculated values of the gravity corrections
have been placed above the tables with original barometric observations published in the IPY-1 reports.

b Strachan, 1879; 1880; 1882; 1885; 1888.

¢ From 1885 onwards, values of gravity corrections are known and they have been placed above tables with barometric observations published

in the DMI meteorological yearbooks.

Table II. Possible scale of errors in the comparison of historical data to the present climate when corrections to normal gravity
are not introduced.

Corrections?® (hPa)

980 985 990 995 1000 1005 1010 1015 1020

¢ () 90 2.54 2.55 2.56 2.58 2.59 2.60 2.62 2.63 2.64
85 2.50 2.51 2.53 2.54 2.55 2.56 2.58 2.59 2.60

80 2.39 2.40 2.41 2.42 243 2.45 2.46 2.47 2.48

75 2.20 2.21 222 2.23 2.24 2.25 2.27 2.28 2.29

70 1.94 1.95 1.96 1.97 1.98 1.99 2.00 2.01 2.02

65 1.63 1.64 1.65 1.66 1.66 1.67 1.68 1.69 1.70

60 1.27 1.28 1.28 1.29 1.30 1.30 2.31 1.31 1.32

2 According to equation (Ekholm, 1890): correction = —P(0.00259 cos 2¢ + 0.000 000 196 A); P, atmospheric pressure; ¢, latitude of observation;

A, altitude.

Copyright © 2012 Royal Meteorological Society
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For the majority of measurement sites the correction
to old barometer readings was made using the equation
according to Cappelen (2009), which was splitted by us

to:
2¢1
Pycorr. = P (1 —0.00259 cos (ﬁ))

9.82 h
X
287.04 ~ (T/10) + 273.15

2)

) 3)

where Py corr. 1s corrected atmospheric pressure to normal
gravity, SLP is pressure at mean sea level, P is atmo-
spheric pressure measured to an accuracy of 0.1 hPa at
station level, ¢ is the latitude in degrees, & is the height
of the barometer in meters above sea level and T is the
air temperature at station level (accuracy 0.1 °C)

The formula simply corrects pressure to normal gravity
(Equation (2)) and reduces it to mean sea level (Equa-
tion (3)). For this calculation, the monthly means of P
and T were used (excluding the IPY-1 observations,
where hourly values were taken). Such a procedure may
be seen as more liable to introduce errors, when com-
pared to reduction carried out using the observed values.
But, according to an investigation conducted by Cappe-
len (2009), the error resulting from the use of monthly
data may be considered to be very small. Of course, we
used Equations (2) and (3) where it was necessary and
possible. Precise information about pressure corrections
introduced to the data used in this work is contained in
the Table Al. For data from ships exploring the Cana-
dian Arctic in the middle of the 19th century, we did

SLP=P<1+

R. PRZYBYLAK et al.

not introduce corrections to the sea level, because infor-
mation about the exact height of the instrument is not
available. However, we know that the height of barome-
ter on the deck did not exceed a few feet (Strachan, 1879;
1880; 1882; 1885; 1888). This means that changes in the
height of these barometers could only lead to a bias of
less than 0.2 hPa.

Almost all historical pressure data used in the present
work have been corrected for normal gravity (96.8%) and
for the sea level (97.9%).

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). But these biases are not large
enough to significantly affect the pressure series (see
Przybylak and Vizi, 2005b; Ward and Dowdeswell, 2006;
Jénnson and Hanna, 2007). For example, calculations of
mean monthly pressure for Jan Mayen and Lady Franklin
Bay (based on data from first IPY 1882/1883) conducted
for eight different recording schedules (from 3, 4, 6, 8
and 12 measurements a day) confirm that biases are small
and not important (see Table III). Differences in relation
to monthly averages calculated using hourly data (24
measurements a day) exceed 0.1 hPa only in exceptional
cases, and only in November and from February to May.
The majority of the differences are lower than 0.05 hPa.
It is worth adding that smaller biases were found for
data taken from stations representing continental climate,
i.e. from Lady Franklin Bay (Table III). Another source
of possible errors may result from spatial sampling.

Table III. Mean monthly atmospheric pressure differences (hPa) between daily averages calculated using different formulas

(m,,. .., mg) and real daily average (m;) in the Arctic during the IPY-1 1882/1883.
Months A S (0] N D J F M A M J J
Jan Mayen
my-my 0.00 -0.01 —-0.02 0.07 -0.01 —-0.02 -0.06 —-0.01 0.05 —-0.01 0.01 0.00
m3-my 0.03 —-0.02 —-0.05 018 -0.05 —-0.03 —-0.03 —-0.05 0.12 —-0.03 0.02 0.01
my-my 0.10 0.06 0.06 0.03 —-0.02 —-0.02 —-0.03 0.11 0.19 -0.01 0.08 0.07
ms-my 0.01 0.00 0.10 -0.04 0.02 0.00 —-0.03 0.04 0.00 0.01 —-0.01 0.02
mg-m 0.03 0.00 0.05 018 —-0.05 —-0.04 022 —-0.05 0.07 —-0.03 0.01 0.00
m;-my 0.09 —-0.05 —-0.02 0.01 —-0.05 —-0.04 —-014 —-0.07 0.22 —-0.09 0.01 0.02
mg-my —-0.01 —-0.04 —0.06 0.12 0.00 -0.03 —-0.04 0.01 0.02 —-0.01 —-0.01 0.00
Mo-m; 0.00 —0.04 0.02 0.05 —-0.01 —-0.04 0.07 —0.01 0.01 —-0.02 —-0.02 —-0.01
Lady Franklin Bay

my-my 0.01 0.00 0.00 0.00 0.01 —-0.01 —-0.02 0.00 0.00 —0.01 0.00 0.00
m3-my 0.01 0.01 0.00 —-0.02 0.03 —-0.02 —-0.04 0.00 0.02 —-0.05 0.01 0.00
my-m; 0.04 —0.01 0.03 0.00 -0.01 —-0.06 —0.13 0.09 —-0.01 —-0.09 -0.01 —0.03
ms-my 0.01 —-0.02 0.03 0.00 —-0.05 —-0.02 -—-0.03 —-0.05 0.00 0.00 —0.01 0.01
Mmg-my 0.02 0.03 0.03 0.00 0.05 0.02 —-0.03 0.05 0.03 —-0.04 0.01 0.00
my-my 0.03 0.02 0.05 0.02 0.06 —0.04 —-0.02 0.12 013 —-0.14 0.02 —0.01
mg-my 0.01 0.00 0.03 —-0.01 —-0.02 0.00 —-0.02 —0.03 0.01 0.00 0.00 0.02
Mmg-my 0.00 0.01 0.01 0.01 0.00 0.02 0.00 0.00 0.03 0.00 0.00 0.01

m; = (t01+t024. .. +t23+t24)/24; my = (t024+t04+ ... +t22+t24)/12; m3 = (t4+t8+t124+t16+t20+t24)/6; my = (t8+t14+t21)/3; ms =
(t34+t9+t154+121)/4; me = (t5+t84t124-t16+t204123)/6; m7 = (t94-t17+124)/3; mg = (t3+t4+t94+t104-t15+t164t214-t22)/8; mg = (3+t44-t5+
t9+t10+t1 14+t15+t164t174+t214+t224t23)/12; where t01, t02,. . ., t24 mean real values of atmospheric pressure from hours 01, 02,. . ., 24. Values
greater than 0.1 hPa and lower than —0.1 hPa are in bold.

Copyright © 2012 Royal Meteorological Society Int. J. Climatol. 33: 1730-1760 (2013)
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Figure 5. Year-to-year variability of mean annual anomalies of atmospheric pressure (reference period 19611990, solid line), their uncertainties
(£2 standard errors, short-dashed lines) and trend (long-dashed line) in the Arctic in the period 1873-1920.

Using contemporary monthly mean pressure data from
the GHCN dataset from period 1961 to 1990 a magnitude
of those errors was estimated. Generally, the errors are
relatively small when data are distributed evenly in the
Arctic. For example, mean monthly areally averaged
pressure values calculated from 48 and 13 stations differ
usually by less than 0.2 hPa. This kind of error (i.e.
difference in spatial distribution of stations in historical
and present times) did not influence our results because
we always compared historical and contemporary data
for the same location. Later on, the pressure differences
were averaged for regions and for the Arctic as a
whole. The 95% confidence intervals for the annual
mean values calculated from the period 1873 to 1920
are less than 1.5 hPa (see Figure 5). About two times
greater confidence intervals are for means calculated for
individual years for which data are available from the
period 1801—-1872. For more details about problems with
homogeneity of the monthly pressure series see Slonosky
et al. (1999).

To compare the historical instrumental pressure data
presented in the paper with the existing gridded datasets
(HadSLP2 and the 20th Century Reanalysis Project,
hereafter 20CR), data from the grids located nearest
the historical sites have been used. For example, for
Sagastyr, Siberia (73.37°N; 124.08 °E) we took respec-
tive grids — 20CR: 74.00°N and 124.00°E; HadSLP2:
75.00°N and 125.00°E. Temporal sampling was also
done. In the case of Sagastyr, monthly means from
gridded products for respective observational months
(September 1882 to June 1884) were taken only. This
procedure was applied to all 94 collected monthly pres-
sure series.

The quality of reanalyses and gridded pressure recon-
structions depends on the availability of raw pressure data
assimilated into a model.

In the case of the 20CR version 2 for the high lati-
tudes area (>60°N), station pressure observations with
daily resolutions were taken from the ISPD land com-
ponent version 2.2.4. (Yin et al., 2008). For particu-
lar decades of the analysed early instrumental period
(18711880, 1881-1890, ..., etc), the number of avail-
able stations is as follows: n <5, n <19, n <28, n <
37, n <47, respectively (statistics provided by cour-
tesy of Dr Xungang Yin). Nevertheless most of these
stations are mainly located in the Atlantic Subarctic.

Copyright © 2012 Royal Meteorological Society

Only in the last decade (1911-1920) of the anal-
ysed period are a few stations (areas of Svalbard,
Alaska, Taymyr Peninsula and East Greenland) avail-
able for the high Arctic. Maps showing the location
of stations in a selected year can be also browsed
at http://www.esrl.noaa.gov/psd/data/ISPD/v2.0/. For the
marine component, observations of SLP for the period
1871-1951 were extracted from the International Com-
prehensive Ocean-Atmosphere Data Set (ICOADS) ver-
sion 2.5. (Woodruff eral., 2011). After examining
the number of observations for the belt >60°N (file:
slp.nobs.nc at National Oceanic and Atmospheric Admin-
istration, Earth System Research Laboratory, Physical
Science Division, http://www.esrl.noaa.gov/psd/) it can
be seen that until the 1870s, ships rarely reached very
high latitudes. After this time marine pressure data are
mainly available for the Greenland — Norwegian — West-
Barents Sea basin. From the 1890s, it became most com-
mon to explore north-western part of the Baffin Bay and
Russian territories on the east of the Atlantic region. Data
for the Pacific region were provided during the period of
the First World War. In conclusion, one can state that
until the decade of 1911-1920, the spatial coverage of
pressure data for the Arctic region was sparse. Assim-
ilation of these data from the mentioned datasets into
the experimental version of the US National Centers for
Environmental Prediction Global Forecast System atmo-
sphere/land model (NCEP/GFS) was performed using an
Ensemble Kalman filter. As a result the 20CR dataset pro-
vides meteorological variables from 1871 to the present
at 6 hourly temporal and 2° spatial resolutions. For more
details see Compo et al. (2011).

HadSLP2 is a monthly historical SLP (MSLP) dataset
covering the period from 1850 to 2004 with the 5° x 5°
spatial resolution. Various terrestrial (see the list in
Allan and Ansell, 2006) and marine (from ICOADS ver-
sion 2.1., Worley et al., 2005) data were blended and
gridded. Spatially completed fields were created using
Reduced Space Optimal Interpolation (RSOI, Kaplan
et al., 1997, 2000). On the basis of the number of
monthly mean SLP observations at each grid point for
every year (file: hadslp2_nobs obtained from Hadley Cen-
tre, http://www.metoffice.gov.uk/hadobs/hadslp2/), esti-
mation of uninterpolated data coverage was carried out.
Results show that spatio-temporal coverage for the belt
60-90°N with 5° x 5° grid-point resolution amount from
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2% in the early 1850s to 7% at the end of the 19th cen-
tury and do not exceed 12% in the first two decades of
the 20th century (see also spatial coverage in Figure 1 in
Allan and Ansell, 2006).

3. Results
3.1.

3.1.1. Annual means

The entire period

Areally averaged anomalies of mean annual values of
atmospheric pressure calculated based on data gathered
for large part of the Arctic (Atlantic, Baffin Bay and
Pacific regions) are only available for period 1873—-1920
(Figure 5). High frequency changes in the series can
be observed. However, it is well seen that the pressure
in the last 20 years of the 19th century is greater (on
average by 0.5 hPa) than in the beginning of the 20th
century. In line with this time changes in pressure also
the highest and lowest values of mean annual pressure
occurred respectively in 1892 (anomaly was equal to
2.8 hPa), and in 1913 (—3.8 hPa). However, there is not
observed trend in the data in the whole analysed period
(1873-1920) (Figure 5).

3.1.2. Annual courses

The annual courses of average atmospheric pressure
calculated using all the data gathered for the entire study
period (1801-1920) and for two sub-periods (1801-1860
and 1861-1920) are shown in Figure 6(a). However, to
obtain more reliable results, the bias resulting from the
rising quantity of data with time and changing spatial
coverage was reduced by calculating 20 year means
and then using them for calculation of area averages.
For comparison purposes, Figure 6(b) shows the same
characteristic for the modern period (1961-1990).
Analysis of Figure 6(a) shows that spatial differentia-
tion of atmospheric pressure throughout the year in the
Arctic was significant. Also, in each analysed climatic
region, pressure changes in the annual course were very
large. Region-to-region courses of atmospheric pressure
are different (Figure 6(a)), except for the Atlantic and
Baffin Bay regions which are under the strong influence
of the Icelandic Low. This is now very active (Przy-
bylak, 2003) and was probably also active in the study
period throughout almost the whole year. In the regions
mentioned the lowest values of atmospheric pressure in
the period 1861-1920 were observed in winter, with a
marked minimum in January (monthly averages amount-
ing to 1004 and 1000 hPa for the Atlantic and Baffin
Bay regions, respectively). On average, the highest pres-
sure values are noted here in spring, particularly in May
(Figure 6(a)), when they exceed 1012 hPa. Slightly lower
pressure was also observed in summer months (more than
1010 hPa). The most irregular annual course of atmo-
spheric pressure is noted for the Siberian region. Here
three maxima and three minima are seen. A primary max-
imum (>1018-1020 hPa) is observed from February to
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April, while the primary minimum (<1008 hPa) is evi-
dent from September to October. In the Pacific region,
one maximum and one minimum can be distinguished
in the annual course of pressure (Figure 6(a)). Clearly
the highest pressure values were noted in winter when
all monthly averages exceeded 1012 hPa with maximum
reaching 1020 hPa in February. Elevated pressure values
have also been noted in spring. From June to November
pressure was significantly lower, reaching a minimum in
July (approximately 1008 hPa). Such a pattern of changes
in this region means that the influence of the Aleutian
Low is very limited. Pressure changes in the annual
course are driven here mainly by the development of the
seasonal baric centres (highs in winter and lows in sum-
mer) in Asia and North America. From Figure 6(a) it is
clear that there are no pressure differences between the
two sub-periods analysed and the whole period (except
for November). In the Canadian Arctic, two maxima
and two minima in the annual course of pressure can
be distinguished. The primary maximum with pressure
greater than 1016 hPa is very clear and was observed in
spring, while the secondary one is seen in late autumn
(Figure 6(a)). The lowest pressure values have been noted
in summer, with a minimum in July (<1010 hPa). Similar
to the Pacific region, there were no pressure differences
between periods analysed in this article.

On average, in the whole Arctic the highest pressure
in the annual course was observed in spring, with a
maximum in May, and this is also true today (see
Przybylak, 2003). Quite high values were also noted
in summer. However, the lowest pressure values were
observed in the winter months. Here we must add that,
concerning the absolute values shown in Figure 6(a),
those for the period 1861-1920 are definitely more
reliable than those for the period 1801-1860. This is,
of course, the effect of significantly better coverage for
the former period than for the latter (see Figure 2). Values
for the period 1801—1860 are certainly too high because
data from only two regions (Canadian and Pacific)
with relatively high annual pressure have been used to
calculate the average Arctic pressure. As has been noted,
there were insignificant pressure changes in the Canadian
and Pacific regions in the whole study period.

Hanna et al. (2004) described the pressure changes
in southwest Iceland for the period 1820-2002 and
found ‘no significant overall trends for either the annual
averages or any of the months’. From their Figure 2, it
is clear that this is also true for the period 1820—1920.
The region of Iceland is known to be a source region of
cyclogenesis, which significantly influences the pressure
patterns mainly in the Atlantic and Baffin Bay regions,
as was stated earlier. Thus, based on results from
Hanna et al. (2004) and on our results presented in this
article for pressure changes in the Canadian and Pacific
regions, we can assume that small pressure changes
also occurred throughout the entire Arctic in the whole
study period. If so, the monthly average pressure values
calculated for the period 1861-1920 can probably also
be used to correct the annual courses of pressure in the

Int. J. Climatol. 33: 1730-1760 (2013)
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Figure 6. Average annual courses of atmospheric pressure in the Arctic in selected early instrumental (1801-1860, 1861—-1920 and 1801-1920)
(a) and modern (1961-1990) (b) periods.

periods 18011860 and then 1801-1920, as shown in

Figure 6(a).

3.1.3. Comparison with present day climate

Comparison of historical (Figure 6(a)) and contemporary
(Figure 6(b)) annual courses of atmospheric pressure in
the whole Arctic and in its particular regions reveals a

Copyright © 2012 Royal Meteorological Society

very close similarity. As expected, smoother curves are
observed for present day data, the time coverage of which
is significantly more complete than for historical ones. A
good example of this may be seen for the Siberian region.
However, in all cases the main features in the annual
pressure courses do not differ significantly between the
historical and modern periods.
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Figure 7. Atmospheric pressure differences (hPa) between mean monthly values from the historical and modern (1961-1990) periods for selected
climatic regions and for the whole Arctic.

A detailed comparison of the historical and modern
atmospheric pressure data is presented in Table IV and
Figures 7—8. All the data gathered reveal that the Arctic
in the historical study period had slightly lower pres-
sure values than at present. On average, in the period
1861-1920 the mean annual pressure of the Arctic was
lower by 0.8 hPa (Table IV). Lower values of atmo-
spheric pressure were observed in all the study regions,
excluding the Atlantic region. The greatest negative dif-
ference (—2.1 hPa) has been found for the Canadian
Arctic. The greatest differences between the historical
period and the modern period were noted in all the win-
ter months and in the winter as a whole (see Table IV
and Figures 7-8). In 1861-1920 winter pressure was
about 2 hPa lower. However, in summer and autumn
changes were very small and their average differences
came to —0.1 and —0.2 hPa, respectively. In the Arctic,
higher pressure in the historical period was noted only
in October, while in other months the average values of
differences were always <0.0 hPa (Table IV, Figure 7).
In each region at least one monthly value was higher in
the study period than it is today. Pressure differences for
seasons are all negative in the Canadian and Baffin Bay
regions, and are positive in the Atlantic region (except for
winter). In the other two regions, a variety of differences
can be noted.

Copyright © 2012 Royal Meteorological Society

The Canadian and Pacific regions are the only regions
for which we have data for the whole study period
(1801-1920). Both regions show slightly lower pressure
(by 1.5 and 0.8 hPa, respectively) than can be noted for
the modern period (Table IV, Figure 7). Thus, we can
say that the pressure differences are here very similar
to that observed for the whole Arctic, when data were
taken from the period 1861—-1920. Again, the majority
of monthly differences are negative.

Figure 8 shows average seasonal and annual pressure
differences between historical and modern (1961-1990)
values for 20 year blocks for five climatic regions.
It is clear that the number of negative differences is
significantly greater than the number of positive ones, i.e.
in the historical period atmospheric pressure was lower
most of the time. When annual values are taken into
account, only in three 20 year blocks (out of the 17 for
which data exist) were slightly higher pressure values
observed in the historical period than in the modern
one (Table IV, Figure 8). For seasons, such situations are
more frequent, ranging between five cases (in winter and
spring) and seven cases (in autumn).

The question arises of whether pressure differences
between the historical and modern monthly means are
significant. To check this, they were compared with year-
to-year pressure variability of each month in the period

Int. J. Climatol. 33: 1730-1760 (2013)



ATMOSPHERIC PRESSURE CHANGES IN THE ARCTIC

1739

=T T

&
N diow

g T Ty 9

7374 T4
= s Kilomaives 5 -

MAM

[roer, e

T
lears tae. o1
= e Kllomaiers

-]
o i S

JIAL

dj
[ . E
g
7

G ddow

Figure 8. Atmospheric pressure differences (hPa) 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.

1961-1990, described using standard deviations (SDs).
The results obtained for different areas (areally averaged
data) and sites representing almost all the climatic regions
of the Arctic are presented in Figure 9. The results show
that atmospheric pressure changes in the Arctic between
the periods 1801-1920 and 1961-1990 were not large.
This conclusion is confirmed by the fact that almost all
mean monthly atmospheric pressure values lie within 1
SD from the modern mean, and they never exceed the
level of 2 SDs (see Figure 9).

The North Atlantic Oscillation (NAO) index was
higher in the period 1861-1920 than in the period
1961-1990 (see http://www.cru.uea.ac.uk/~timo/data
pages/naoi.htm). This behaviour of the NAO is in good
agreement with changes in atmospheric pressure observed
between these two periods in the Arctic, i.e. lower pres-
sure occurred in the former period compared to the latter
period. Correlation coefficients between mean seasonal
pressure data and appropriate NAO index calculated for
the period 1861-1920 for three climatic regions: Atlantic,
Baffin Bay and Pacific are negative (see Table V and

Copyright © 2012 Royal Meteorological Society

Figure 10). For Canadian and Siberian regions there are
too few series of data to calculate meaningful correla-
tions, and therefore results are not shown. Results pre-
sented in Table V for historical data are similar to those
calculated for the modern period (1948—1999) based on
data from the NCEP/NCAR Reanalysis (Cullather and
Lynch, 2003, their Table I), which indirectly confirms the
reliability of the historical data. The negative correlations
found between the NAO index and pressure in the Arc-
tic indicates, according to Cullather and Lynch (2003, p.
1176), that ‘low pressure over the Arctic corresponds to
lower pressure over Iceland relative to the Azores’.

The detailed analyses of long-term, continuous instru-
mental series of atmospheric pressure done for areas
neighbouring the Arctic (SW Iceland, Hanna et al., 2004)
and (southern Sweden, Birring et al., 1999) also show
very small and insignificant pressure changes between
historical (19th century) and contemporary times. Analy-
sis for the Canadian territory (>55 °N and east of 120 °W)
also shows insignificant pressure changes between the
late 19th century and the beginning of 20th century on

Int. J. Climatol. 33: 1730—1760 (2013)
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the one hand, and modern values on the other (Slonosky
and Graham, 2005).

3.2. The first International Polar Year 1882/1883

The highest mean values of atmospheric pressure in
the common period of observations in all the IPY-
1 stations (September 1882 to July 1883) were noted
in the most continental part of the Arctic, i.e. in
Siberia and in the North American Arctic (Table VI,
Figure 11). They ranged from 1016.9 hPa in Kara Sea
to 1015.3 hPa in Lady Franklin Bay. The maritime
part of the Arctic definitely shows significantly lower
values than the continental part. Markedly the low-
est mean pressure occurred in the Baffin Bay region

1741

(1006.0 hPa in Godthab and 1009.7 hPa in Kingua
Fjord) and in the western part of the Greenland
Sea (1010.2 hPa in Jan Mayen). Similar spatial dis-
tribution also reveals mean monthly values calculated
according to daily maximum and minimum measured
values (Table VI). Extreme absolute pressure values
indicate that pressure variation in the Arctic is huge.
The highest observed atmospheric pressure was noted
in the Kara Sea (1052.6 hPa, 8 April 1883), while the
lowest was in Godthab (944.2 hPa, 18 February 1883).
Even if data are taken from one location the changes
are very high, and very often exceed 60-70 hPa in
a single year. The highest rate of pressure changes
in the annual course (almost 100 hPa) was observed
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Figure 9. Annual courses of historical and modern atmospheric pressure based on monthly means (left panels) and differences between them
(right panels) in selected areas of the Arctic (a and b). SDs have been calculated on the basis of present data (1961-1990).
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Figure 9. (Continued).

Table V. Correlation coefficients (r—values) between annual
and seasonal mean NAO Index (after Jones et al. 1997) and
atmospheric pressure anomalies in the Arctic in the period

1820-1920.
r SON DJF MAM JJA Annual
Atlantic -038 -072 -061 —0.27 —0.68
Baffin Bay -0.50 -070 -0.53 -0.29 —0.67
Pacific 006 -038 —0.20 0.09 —0.05
Arctic -040 —-069 —-045 033 —0.58

Values in bold are significant at p < 0.05.

in Godthab (Table VI). In the majority of stations
the absolute maximum pressure occurred in March or
April, except for two stations — Sagastyr and Point
Barrow — where they occurred in winter months, i.e.

Copyright © 2012 Royal Meteorological Society

in January (1044.7 hPa) and in December (1051.5 hPa),
respectively.

The spatial patterns of mean seasonal atmospheric
pressure in the Arctic during the IPY-1 period (Table VI,
Figure 11) were similar to present day ones (see
Gorshkov, 1980; Treshnikov, 1985; Serreze et al., 1993;
Cullather and Lynch, 2003; Przybylak, 2003). Two areas
with high mean atmospheric pressure ranging from about
1013 to 1015 hPa can be distinguished in summer: the
central part of the Atlantic Arctic (from Jan Mayen to
Kara Sea) and the Canadian Arctic with Alaska. On
the other hand, the lowest atmospheric pressure occurred
in the Baffin Bay region (1008.4 hPa in Kingua Fjord)
and in the centre of the Siberian region (1010.1 hPa
in Sagastyr). Atmospheric pressure shows the lowest
degree of spatial differentiation in summer during IPY-1,
similar to present day conditions (Table VI, Figure 11).
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anomalies in the whole Arctic as well as the Atlantic, Baffin Bay and Pacific regions in the period 1820-1920.

In autumn and winter the lowest values of atmospheric
pressure were noted markedly in the Baffin Bay region
(Kingua Fjord and Godthab) and in the western part of
the Greenland Sea (Jan Mayen). On the other hand, maxi-
mal pressure values occurred in different areas: in autumn
from the Barents Sea through Novaya Zemlya to the Kara
Sea and in winter from the Kara Sea to Alaska (Table VI,
Figure 11). The exceptionally high values of atmospheric
pressure occurring in the Kara Sea (see also Table VII)
throughout the whole year were one of the main reasons
for the negative thermal anomalies observed here (Przy-
bylak, 2004; Wood and Overland, 2006), which in turn
led to harsh sea-ice conditions (Hovgaard, 1884). They
were responsible for the fact that both the ‘Varna’ steamer
of the Dutch expedition as well as the ‘Dijmphna’ ves-
sel of the Danish expedition were ice-bound for almost
the whole year. From winter to spring there were signif-
icant rises in pressure in the areas where low pressure
had dominated, i.e. from the Baffin Bay region through
the Greenland and Barents seas to Novaya Zemlya. In
the rest of the Arctic small changes in pressure were
noted. Spatial changes in spring pressure are comparable
to that occurring during summer. However, the locations
of areas with higher and lower pressure are completely
different than in summer. In spring, there is a typical spa-
tial pattern of pressure, which is also characteristic for the
whole study period, i.e. higher values are observed in the
continental part of the Arctic (above 1017 hPa, from the
Kara Sea to the Canadian Arctic), while the lowest one
is in the maritime Arctic (below 1017 hPa in the Baffin
Bay region and the Norwegian Arctic) (Figurell).

In the annual course, according to monthly means,
the lowest atmospheric pressure values in the major-
ity of stations were noted in January and February; in

Copyright © 2012 Royal Meteorological Society

Novaya Zemlya and Kara Sea they were also noted in
March (Table VI, Figure 12). The reason for this is the
strongly developed and very deep Icelandic Low which
gives rise to dozens of cyclones entering the Baffin,
Nordic and Kara seas (for details see Przybylak, 2003).
In the Siberian Arctic (Sagastyr) the lowest pressure
was observed in May and June, while in Alaska (Point
Barrow) it was in August and September. The highest
pressure values in the annual course during the IPY-1
period, similar to today, were mainly observed in spring
(Table VI, Figure 12). Summarizing these results, two
types of annual courses of pressure can be distinguished:
continental (minimum in summer and maximum in spring
or winter) and maritime (minimum in winter and maxi-
mum in spring). In the Asian and North American conti-
nents, the large seasonal pressure changes connected with
the summer warming and winter cooling of these conti-
nents are the main reason for the quite large changes in
pressure in the Arctic areas neighbouring them.

In winter, the differences between mean maximum (P
max) and mean minimum (P min) pressure values ranged
between 9 and 10 hPa, while in summer they were almost
half these values (5—6 hPa). Annual courses of absolute
pressure values (P max abs and P min abs) are similar
to the mean maximum and minimum courses described
earlier (Figure 12). Of course, the range of changes of
absolute values over the course of a month and a year is
markedly higher.

There is a shortage of synoptic maps for the Arctic for
the 19th century which prevents us from estimating the
level of cyclonic activity for this period. As a result, it
is impossible to compare historical cyclonic activity with
that of the present day. However, a good approximation
of cyclonic activity can be supplied by the analysis of

Int. J. Climatol. 33: 1730—1760 (2013)
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2 August 1882 data without days 1—14, July 1883 data without days 24-31.

b December 1882 data without days 13—16.

¢ From August to September 1882 observations every 4 h, December 1882 data without days 25-31, January 1883 days 15-31, August 1883 data without days 25-31 and observations every 4 h.

4 August 1883 data without days 28—31.

¢ September 1882 days 16—31; P max abs, P min abs — the highest and the lowest observed atmospheric pressure, P max, P min — mean monthly maximum and minimum atmospheric pressure, P — mean

monthly atmospheric pressure.

day-to-day pressure changes (Hanna et al., 2008). Day-
to-day changes in atmospheric pressure are significantly
higher in winter (most often in February) than in other
seasons, though the greatest differences are noted in
particular in comparison to summer (Figure 13). Their
monthly means in winter ranged between 8 and 12 hPa,
while in summer the range was from 2 to 4 hPa. In
autumn day-to-day pressure changes were higher than
in spring, when anticyclones dominate in many places.
The greatest differences in the annual course are seen in
western parts of Greenland (Godthéb) and the Greenland
Sea (Jan Mayen) as well as in Alaska (Point Barrow)
(Figure 13). Here, in comparison to the rest of the Arctic,
day-to-day changes in winter are significantly higher,
while summer values are comparable. NiedzwiedzZ (2007)
found that in Hornsund (South Spitsbergen) changes
in atmospheric pressure are huge (up to 410 hPa/3 h)
when very deep cyclones are crossing the area. Very
large day-to-day pressure changes were observed during
the Swedish expedition working in Kapp Thordsen in
Spitsbergen. On 22nd to 23rd January 1883 and 2nd
to 3rd February 1883 pressure changes amounted to
—27.6 hPa and +20.3 hPa, respectively.

Analysis of the above pressure characteristics in the
Arctic during IPY-1 1882/1883 reveals that both spatial
pressure patterns and annual pressure cycles are roughly
similar to those of the modern period (see Przybylak,
2003). Of course some differences exist in observed val-
ues, but they are also rather small (Table VII, Figure 14).
In comparison to present day values (1961-1990) atmo-
spheric pressure in the IPY-1 period (September 1882 to
July 1883) was, on average, higher by 1.4 hPa. Values
higher than those currently prevailing were noted mainly
in the Atlantic and Siberian Arctic with a maximum in
the Kara Sea region (4—6 hPa). The rest of the Arc-
tic experienced small decreases in pressure (up to about
2 hPa) during the historical period. The southern part of
the Baffin Bay region saw the greatest changes of this
kind (Table VII).

Seasonal analysis shows that the greatest positive dif-
ferences between historical and contemporary pressure
values occurred in autumn (2.6 hPa), while the lowest
ones were in winter (only 0.2 hPa) (Table VII). In spring
and summer they were very similar and amounted to 1.4
and 1.3 hPa, respectively. However, similar to the mean
changes for the whole period, in all seasons not all areas
had higher pressure during IPY-1 than they have today. In
autumn, differentiation of changes was particularly great,
from 9.7 hPa in Malye Karmakuly to —1.0 hPa in Lady
Franklin Bay. Also, areas covered by negative and posi-
tive differences were comparable. In summer, changes in
pressure were the most homogeneous, i.e. seven out of
nine stations analysed showed higher pressure in IPY-1
than today. Only three stations (Kapp Thordsen, Malye
Karmakuly and Kara Sea) experienced positive differ-
ences throughout the whole year. In the other stations,
at least two seasons had negative differences (excluding
only Jan Mayen) (Table VII).

Int. J. Climatol. 33: 1730—1760 (2013)
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Figure 11. Seasonal means of atmospheric pressure (hPa) for nine stations operated in the Arctic during IPY-1 1882/1883. Gth, Godthéb; JM,
Jan Mayen; MK, Malye Karmakuly; KS, Kara Sea; Sgt, Sagastyr; PB, Point Barrow; LFB, Lady Franklin Bay; KF, Kingua Fjord.

On average, in the annual course, the greatest positive
differences clearly occurred in December (9.1 hPa). In
other months they were at least half this value (4.4 hPa
in October and 3.0 hPa in November and April). Only
3 months saw negative differences, of which two were
quite big (—3.4 hPa in January and —5.1 hPa in Febru-
ary) (Table VII and Figure 14). Analysis of pressure
changes for particular stations shows that no station
had only positive or only negative differences between
the periods analysed. Even in the Kara Sea there were
2 months (March and July) which had negative anoma-
lies. On the other hand, the station with the greatest neg-
ative pressure changes (Kingua Fjord) from IPY-1 to the
modern period, displays rises in pressure from October
to December and in August. The greatest absolute posi-
tive monthly pressure changes occurred in the Kara Sea
in April 1883 (15.3 hPa). Large changes were also noted
here in December 1882 (14.2 hPa). Comparable values
in this month also occurred in Kapp Thordsen and Malye
Karmakuly (13.5 and 13.2 hPa respectively). On the other
hand, the greatest absolute negative monthly changes
from the historical period to the present day occurred
in February in the Baffin Bay region (from —12.6 hPa
in Lady Franklin Bay to —11.8 hPa in Kingua Fjord)
(Table VII, Figure 14). From month-to-month very great

Copyright © 2012 Royal Meteorological Society

changes were observed in pressure values between histor-
ical and contemporary times (including changes in sign),
with the exception of stations representing most continen-
tal climate (i.e. Sagastyr and, in particular, Point Barrow).

The question arises of whether the observed changes
between historical and modern pressure values are signif-
icant. To check this, a comparison was made of monthly
differences in relation to SD calculated from the period
1961 to 1990 (Figure 14). Statistical calculations show
that majority of monthly differences between the histori-
cal and modern periods (about 60%) lie within a distance
of 1 SD from the present mean, and only 5% exceed
2 SD.

4. Discussion, conclusions and final remarks

Given the relatively large, quality controlled, and new
dataset of measured pressure from the Arctic it is
possible to check the reliability of the existing gridded
datasets. For the analysis we took data from two such
products: HadSLP2 and the 20CR, which currently do
not incorporate data used in this study. Pressure data from
the historical sites were compared with data taken from
the above products for the nearest grids. Grid-point time-
series from both datasets, together with time-series of

Int. J. Climatol. 33: 1730-1760 (2013)



ATMOSPHERIC PRESSURE CHANGES IN THE ARCTIC 1747

s -

2 =

S Sl naeanasoy

= N SaeAtrn eSS~

- T Lol

s 7

7]

(]

=]

=

= = | Nanen = oo

o L | "N Nwen NS,

= s T

<

g

o L | eamnmeaanmg

= Al S-S aay

= [ [

172

&)

=¥

=, Z | Nt o

s Ol SaunaLsSSI~

X 2] | [

IoN

—

|

— < | ML n =N

by S|l NSNS S S~

N

s

= T o aN

g < — N -t S~ =

- T

S

3

S NN M e T~

g Sl AT NS N~

Q [ |

<

S

e

= RS ==Y Y,

= = =G NN N -~ Y

o | [

0

o0

—

S =Nt L g,

0 S| m YNNG Y~ ~

% | R

N

>

A QAN NN D

=g <l a~NSIn B~

%S Pr == T

= o

o =

< ©TTO9 =~ ® Y

£ Sl nannmnNS Y

g o A

=]

g R IRAES

= L S n ~S awn o~

< ~~ ~ o~

> [ [

>

=z

= ARV NN D

g —mlaYa~S NN~

g [ T M R

5

2 T AN O RS S

= Al NN NG

o g

Q

(]

2

k5] NSRS~

° Z|l d=mNanNS o S w—

< (.

A

S

@ AN =Sven oA

5] Ol merRmmecn-os

Q | —

=

(o]

S

L

& VoM T T~ ~ N

3 | S RNTYT NN

) | [

=]

172

1%2]

L 5 XA ® X wn

o < | A~ — S o

Q | |

=

(]

=

2 z g

= [as]

£ 5 % =

< 5 £ z2< g
o = £ o X O

= $838 4, BRI

= O XS M § =S 8

> = g“&‘omz’mmg

2 S| £ a2z >m

e - 9 Qg & Bp.2 O o

< ﬁ O%“““NSN'—'

= Al OSNMSNMaAL AN

Copyright © 2012 Royal Meteorological Society

14

04 44 3.0 91 -—-34 5.1 13 30 -03 11 1.7 1.6 13 2.6 0.2 14

0.7

Arctic 1882/1883

2 For purposes of comparison, data from the following modern stations located nearest the historical stations have been used: Godthédb — Godthab, Jan Mayen — Jan Mayen, Kapp Thordsen — Svalbard

Lufthavn and Isfiord Radio, Malye Karmakuly — Malye Karmakuly, Kara Sea — Mys Kharasavey, Sagastyr — Sagyllah Ary and Ostrov Dunay, Point Barrow — Point Barrow, Lady Franklin Bay — Alert, Kingua

Fjord — Igaluit A, respectively.

historical measurements have been used to calculate the
correlation between them. Results of these analyses are
shown in Table VIII and Figures 15-17.

First, it has to be added that the authors of these two
datasets provide information about the biases of their
results for the high latitudes in the early instrumen-
tal period (until 1920). Uncertainties of monthly SLP
values in HadSLP2 and 20CR often exceed 8—9 SD
(in hPa) for the Arctic in historical data-sparse peri-
ods (details shown in Allan and Ansell, 2006; Compo
et al., 2011). Comparisons confirm this and show the
occurrence of a mainly positive bias. Mean annual pres-
sure values for the Arctic calculated using the Had-
SLP2 and the 20CR products are higher than the real
data by 5.9 and 3.6 hPa, respectively (see Table VIII,
Figure 15). Evidently, incorrect data have been found
in the case of data taken from the HadSLP2, in par-
ticular for the Greenland area (Figure 16). In win-
ter months mean values of pressure are higher here
than those obtained from our database by more than
10—15 hPa, reaching sometimes even values as much
as 25 hPa. On the other hand in summer months the
pressure data values are too low. This means that
annual variability of pressure based on data from the
HadSLP2 is reversed compared to the real pressure
changes.

The 20CR data was significantly better at reproducing
the annual variability of pressure in area of Greenland.
For other parts of the Arctic annual variability of pres-
sure is significantly closer to the real values (Figure 16).
Higher values of mean pressure in the Arctic as seen in
the HadSLP2 dataset in comparison to instrumental data
are probably a result of an erroneous hypothesis (existing
until almost the mid-20th century) that a stable polar anti-
cyclone occurs in the Arctic (for more details see Przy-
bylak, 2003). Jones (1987) noted that all synoptic charts
prior to about 1931 (the US Historical Weather Map
series), as well as the NCAR and UKMO (United King-
dom Meteorological Office) grid-point pressure datasets
constructed using these maps, show excessively high val-
ues of mean SLP in the Arctic (up to 8 hPa over the cen-
tral Arctic away from the North Atlantic sector). Ansell
et al. (2006) in a daily European-North Atlantic mean
SLP reconstruction (EMSLP) also remarked that during
the period with very poor data coverage (85-90% of
the grid boxes have missing values), the pressure over
Greenland appeared to be too high in winter. The RSOI
technique used in EMSLP performed less well in data-
sparse regions of the high latitudes. The question arises
as to whether the data available in the HadSLP2 and
the 20CR datasets were corrected and if so how well
this procedure was done. For example, for the time of
the first IPY the 20CR dataset used data from observa-
tions and therefore results are closer to those taken from
our dataset (Figure 17). The observed differences, gener-
ally small, are probably the result of two kind of errors
connected: (1) with the interpolation of pressure data to
the nearest grid points and (2) with lack of corrections
to account for the spatial variations in gravity which

Int. J. Climatol. 33: 1730—1760 (2013)
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Figure 13. Mean monthly day-to-day variability of atmospheric pressure in the Arctic during IPY-1 1882/1883.
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Figure 14. Atmospheric pressure differences between IPY-1 1882/1883 and the modern period 1961-1990. Differences are presented in values
of SDs calculated from the reference period 1961-1990.

Table VIII. Mean differences and correlation coefficients (r—values) between annual atmospheric pressure values in the Arctic
in the early instrumental period® according to different datasets: instrumental (used in this study), HadSLP2 (Allan and Ansell,
2006) and 20CR Project (Compo et al., 2011).

Datasets Atlantic® Baffin Bay® Pacifict Arctic®
mean differences HadSLP2 - instr. 8.9 9.5 —4.8 5.9
20CR - instr. 3.9 3.6 —-0.3 3.6
HadSLP2-20CR 4.3 5.8 -34 2.3
r HadSLP2 — instr. 0.24 0.49 0.03 0.50
20CR - instr. 0.32 0.66 0.27 0.54
HadSLP2-20CR 0.50 0.38 —0.02 0.53

Values in bold are significant at p < 0.05.
instr., instrumental.
4 Common periods.

b 1884-1920.
€ 1873-1920.
41899-1920.
€1872-1920.
was introduced to the instrumental data presented in this average, in the period 1861-1920, the mean annual
article. pressure of the Arctic as a whole was lower by
Correlation coefficients calculated between all three 0.8 hPa (Table IV). Lower values of atmospheric
analysed datasets are mainly positive, but statistically sig- pressure were observed in all the study regions,
nificant only for the Baffin Bay region and for the Arctic excluding the Atlantic region.
(Table VIII). Lowest correlation between series of mean (2) The Canadian and Pacific regions are the only ones
annual pressure data was found for the Pacific region. for which we have data for the whole study period
For the series called ‘Arctic’ correlation coefficients are (1801-1920). Both regions experienced slightly
very close and oscillate between 0.50 and 0.54. lower pressure (by 1.5 and 0.8 hPa, respectively) than
Analysis of the all atmospheric pressure data from in the modern period (Table IV, Figure 7).
the historical period (1801-1920) allows us to draw the (3) The greatest changes from the historical period to
following conclusions: present day were noted in all winter months and in
winter as a whole (see Table IV and Figures 7 and
(1) The Arctic in the historical period analysed had 8). In 1861-1920 winter pressure was about 2 hPa
slightly lower pressure values than at present. On lower. In summer and autumn changes were very

Copyright © 2012 Royal Meteorological Society Int. J. Climatol. 33: 1730-1760 (2013)
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Figure 15. Year-to-year variability of mean annual atmospheric pressure in the Arctic, Atlantic, Baffin Bay and Pacific regions in the early
instrumental period* according to different datasets: instrumental (used in this study), HadSLP2 (Allan and Ansell, 2006) and 20CR (Compo
et al., 2011). *Common periods: 1, 1884—1920; 2, 1873-1920; 3, 1899-1920; 4, 1872-1920.

small and their average differences came to —0.1 and
—0.2 hPa, respectively.

The results showed that atmospheric pressure changes
in the Arctic between periods 1801-1920 and
1961-1990 were not large. This conclusion is con-
firmed by the fact that almost all mean monthly
atmospheric pressure values lie within 1 SD from
the modern mean, and they never exceed the level of
2 SD (see Figure 9).

Recent, commonly used datasets of sea level atmo-
spheric pressure (HadSLP2 and 20CR) reveal quite
a large positive bias in the period 1850-1920 in
comparison to the real data from the instrumental
observations (Table VIII, Figure 15).

“)

®)

Meteorological data gathered for the Arctic during
IPY-1 (including the atmospheric pressure analysed here)
are definitely the best in terms of coverage, quality,
resolution, etc. out of all the early instrumental data
available for the area. As a result, IPY-1 was taken
as the beginning of systematic research of the Arctic
climate (Dolgin, 1971). That is why, we decided in this
article to present the results of pressure conditions during
that period in detail (see also Przybylak et al., 2010 for
temperature). The main results obtained from the analysis
of the atmospheric pressure data from IPY-1 1882/1883
can be summarized as follows:

(1) Spatial pattern of atmospheric pressure in the Arctic
was very similar to the present day (1961-1990) one.
According to annual values, the Siberian region as
well as Alaska and the Canadian Arctic had higher

Copyright © 2012 Royal Meteorological Society

pressure than the Baffin Bay region and the Nor-
wegian Arctic (Figure 11). Comparison of pressure
patterns in the historical and modern periods in par-
ticular seasons also reveals significant similarity.
Two types in the annual courses of pressure have
been distinguished: continental (minimum in sum-
mer and maximum in spring or winter) and mar-
itime (minimum in winter and maximum in spring)
(Figure 12).

Day-to-day changes in atmospheric pressure are sig-
nificantly higher in winter (most often in Febru-
ary) than in other seasons; however, the greatest
differences are noted in comparison to summer
(Figure 13). Their monthly means in winter ranged
between 8 and 12 hPa, while in summer they ranged
from 2 to 4 hPa.

In comparison to the present day (1961-1990) values
atmospheric pressure in the IPY-1 period (Septem-
ber 1882 to July 1883) was, on average, 1.4 hPa
higher. In seasons the greatest positive differences
between historical and contemporary pressure values
occurred in autumn (2.6 hPa), while the lowest ones
were in winter (only 0.2 hPa) (Table VII).

The majority of monthly pressure differences (about
60%) between historical and modern periods lie
within a distance of 1 SD from the present day mean
(1961-1990), and only 5% exceed 2 SD (Figure 14).

@)

3)

“

&)

The search for pressure data measured during differ-
ent land and marine expeditions to the Arctic revealed
that they are quite extensive. We found only slightly
fewer monthly series for pressure than for temperature
(see Przybylak et al., 2010). Correction of the pressure

Int. J. Climatol. 33: 1730-1760 (2013)
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Figure 16. Annual variability of mean monthly atmospheric pressure in different areas of the Arctic in selected early instrumental stations
according to original and gridded (HadSLP2 and 20CR Project) data.

data, however, is more difficult and needs more infor-
mation concerning measurement — type of instruments,
times, location (including height of barometer), barome-
ter temperature and means of elaboration (e.g. whether or
not corrections for temperature and normal gravity were
introduced). As a result, the analysis of pressure data is
more time consuming than in the case of air temperature.
However, surface pressure data for the Arctic are urgently
needed to improve the quality of reanalysis, which uses
this variable to reconstruct all other variables for the
entire Arctic troposphere (Compo et al., 2011). That is
why in recent years we have intensified our search for
pressure data in the Arctic within the ACRE initiative

Copyright © 2012 Royal Meteorological Society

as well as ACEIP and AWAKE projects. Recently, a
large quantity of pressure data described in the article
was incorporated into the version 3 of the ISPD dataset
(Dr Xungang Yin, personal communication), and will be
used in the new version of the 20CR Project.
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