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Abstract:

The Arctic has a crucial role in the world’s clintasystem, and global warming may have an
amplifying effect. The recently observed thinninfytibe sea ice has alerted scientists and
policy makers alike. That was quite different wiaesimilar warming occurred 90 years ago,
which is still regarded as one of the most puzztilwgatic event during the last century. That
needs not to be, if the situation is being viewednfon oceanic perspective, together with the
fact that the winter air temperatures in the higherthern Hemisphere are greatly influenced
by the ocean, particularly in the North Atlantichiah is partly free of sea ice up to the Fram
Strait. Here also ends the West Spitsbergen Cureermurrent which supplies the Arctic
Ocean with warm and saline Atlantic water. Alreadgck in 1920s air temperature
observation showed a strong warming at Spitsbedyeimg the winter season. By analyzing
the winter temperature profile of five coastal istas it can be demonstrated that the climatic
shift at the end of the 1910s had been closesipitstergen, allowing the conclusion that
circumstances related to the West Spitsbergen Qiuine/e caused the early Arctic warming
almost a century ago.

Introduction

The Arctic is an ocean. By the Fram Strait at ab®@t North, between Greenland and
Spitsbergen, it is connected with the Atlantic, evhserves as a major gate for the supply of
warm and saline water to the Arctic Ocean, whiclcasing with the West Spitsbergen
Current. The subject of the paper is whether themiva in the early 20 Century has been
caused here.

The term “circumstances” implies the observatiomnfluence of “existing conditions”. Here
the use of the term shall mean the presentati@mraimstances which rectify to draw certain
conclusions concerning the period of Arctic warmingthe early 28 Century on how it
started and how it shaped up. The paper will ctaeth aspects, but with a clear priority for



the circumstances around the year 1919 when themiwgr started. The method of
investigation will be explained in the second smcf the paper, based on a general picture
that will be presented first of all. The third sentis about the “circumstances” which will
analyze temperature records in the Northern Norllandic realm that may provide clues
concerning the location, the timing, and the liketurce of the warming event, and thereon
discuss the information.
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Arctic warming now and than

Overview

Nowadays the polar region is often mentioned, b&edlie Arctic is currently experiencing a
rapid warming with a dramatic loss of Arctic see,iehich could be due to a combination of
a global warming signal and fortuitous phasing wofrinsic climate patterns (Overland,
2008:289). The rapid warming is likely to be antfogenic (IPCC, 2007b:83, 86). According
to Serreze et al.. “Rises in surface air tempeeat(BAT) in response to increasing
concentrations of greenhouse gases are expecteel amplified in northern high latitudes,
with warming most pronounced over the Arctic Oceaiing to the loss of sea ice”, (Serreze,
2004). A recent U.S. government report concluded tine “temperature change in the Arctic
is happening at a greater rate than at other piadik® Northern Hemisphere and that the ice
cover in the Arctic began to diminish in the Iat@‘hlcentury and this shrinkage has
accelerated during the last several decades (USo@eal Survey, 2009:486, 6). But the
recent warming is the second during the last 1@0syelhe last IPCC report refers to a warm
period from 1925 to 1945 (IPCC, 2007a:7), while earlier report mentions a warming
around the years 1920-1940 (IPCC, 1990:215). Moriae point is the finding by Polyakov
et al. that concludes: the warming during the 1920830s was very fast in spring, autumn
and winter, but much weaker and slower in the summbile the period between 1918 and
1922 displays exceptional rapid winter warming {akbv, 2003:2072). Nevertheless the
authors assume: that the complicated nature oftbiic temperature and pressure variations
is making the understanding of possible causeshefvariability, and evaluation of the
anthropogenic warming effect most difficult” (Pokgay, 2003:2076).

The general situation from the late 1910s to thd0%9is well illustrated by the annual

temperature records from Spitsbergen, Angmagssatiki Andenes (Fig. 4 to 6). They

indicate a shift of the mean temperature levelpgdraximately 1.5 to 3 degrees between the
decade prior and after 1920, and that the peridd am increased mean lasted until about
1940.



Isfjord Radio - Spitsbergen

Annual mean temperatures °C
Source: NASA-GISTEMP - http://data.giss.nasa.gov
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Figure 4: Annual mean temperature at Spitsbergen
1912-1945, (Nasa/Giss, 2009)

Angmagssalik-East Greenland Andenes
Annual mean temperatures °C Annual mean temperatures °C
Source: NASA-GISTEMP - htip://data.giss.nasa.gov Source: NASA-GISTEMP - http://data.giss.nasa.gov
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Figure 5: Annual mean temperature at Figure 6: Annual mean temperature at
Angmagssalik 1895 -1945, (Nasa/Giss, 2009) Andenes 1981-1945, (Nasa/Giss, 2009)

How is the EAW explained today
Although 90 years have passed since the earlieticAWwarming (EAW) commenced, it
seems that the issue is still one of the most ngalimatic anomalies of the $0century
(Bengtsson, 2004:4055), and there are many questionanswered yet. Instead the matter is
often sidelined by regarding it as:
- Natural variability is the most likely cause (Besgyin, 2004:4045);

We theorize that the Arctic warming in the 1920809 was due to natural

fluctuations internal to the climate system (Jolemsen, 2004:341)

The temperature anomalies are due primarily to rahtvariability in the weather

system (Overland, 2008:81).



Such notions explain too little. The matter becoraesn more critical if claimed without
sufficient prove, for example: That the past 10@rgeare significant for the changeover of a
climate system dominated by natural forcing toimate system dominated by anthropogenic
influences, as done recently by S. Bronnimann.etwiile admitting that “Our understanding
of the climate mechanisms operating in the Arcticdifferent timescales is still limited”.
(Bronnimann, 2008: 3, 20} it helpful to dramatize the shrinking sea iceiny a recent time
period, if one is not fully aware of what happemethe early years of the last century?

Actually, few but sufficient air temperature data available since long time. The paper will
use them to show that the early warming was ieitisdnd sustained over two decades by the
West Spitsbergen Current, a branch of the Gulf €rin the North Atlantic. Naming the sea
as the cause of the Arctic warming from 1919-1988la help to understand better the
current situation in the Arctic.

How was the EAW primarily recognized

On the 3% of November 1922, The Washington Post publishedféHowing story: “Arctic
Ocean Getting Warm; Seals Vanish, and Icebergs”M&he corresponding report in the
Monthly Weather Review of November 1922 (Ifft, 19229) had also stated that the ice
conditions in the Northern North Atlantic were egtienal; in fact, so little ice has never
before been noted. Few years later the Spitsbedmia were published with the
accompanying text saying that it is “Probably theagest yet known temperature rise on earth
(Birkeland, 1930:236). One of the first to investiy the EAW was R. Scherhag with two
papers in 1936. The first he called “A remarkabimatic change across Northern Europe”
(Eine bemerkenswerte Klimadnderung Uber Nordeudofatherhag, 1936a:96), while the
second draws the attention to the change of teryesand atmospheric circulation during
the previous 15 years since 1920, (Scherhag, 1938p:

Figure 7a; Figure 7b FigUr\éx?c o

North Pole and Northern Hemisphere: The three image of the same origin and concern the
deviation from average of the November to Marchpgeratures from 1921-1930
(Scherhag, 1936:Tafel 58)

From thereon the subject received considerablataiteuntil the breakout of World War Il
For example, after R. Scherhag had attributed themmg to a change in atmospheric
circulation, his American colleague C.E.P. Brookgeoted by saying:
“Attributing the recent period of warm winters ta &crease in the strength of the
atmospheric circulation only pushes the problemsiage further back, for we should
still have to account for the change in circulati@rooks, 1938:30),
while explaining the general situation as follows:



“In recent years attention is being directed mord more towards a problem which
may possibly prove of great significance in huméais, the rise of temperature in
the northern hemisphere, and especially in thei@regions (Brooks, 1938:29)

The sea was practically only mentioned once by asRn scientist informing the Royal
Scottish Geographical Society in Edinburgh, on36e of January 1935;

“The branch of the North Atlantic Current which erst it by way of the edge of the
continental shelf around Spitsbergen has eviddrgbn increased in volume, and has
introduced a body of warm water so great, thatstéace layer of cold water which
was 200 meters thick in Nansen'’s time, has now beeuced to less than 100 meters
in thickness". (Schokalsky, 1936:77),

The WWII ended the lively discussion. As at the sdime not only the exceptional warming
in the Arctic ended, but actually the Northern Hgphiere went through a global cooling for
three decades, the EAW was a non-issue for more30Bayears, only returning back on the
agenda with the debate on global warming, and whenArctic summer sea ice started to
diminish significantly in the 1990s.

Scope and method of investing “Circumstances”

The EAW offers a unique opportunity to confine #iealysis to two aspects concerning the
warming from 1919-1939, namely with regard to thenwal season and geographical
localization.

Winter air temperature
Due to the lack of any sufficient sea surface tempee data (SST), the investigation will
assess the warming conditions only by the use dhsel air temperatures (SAT). It will
furthermore confine the investigation to the wirgeason for two reasons.
Only the winter seasons from 1919 to 1939 showangtwarming, while the increase
during the summer periods is only modest.
The direct influence of the sun can be neglectethduhe winter season. The sea, as
far as not covered by sea ice is getting a donmgatole during the sunless winter
season.

The reduced influence of the sun during the wistsason is the pre-eminent factor. Instead,
in the northern part, north of Iceland and the Bhet Islands, the ocean is providing the bulk
of heat to the atmosphere. After all, higher terapees must have been generated by
something; either the rise had been observed itottegion, or at another place, which could
be identified, from where the heat had been traisgdo the place of measurement. For this
purpose some coastal stations, in close reachetsedh, will be analyzed with regard to the
timing and values of changes observed. Significkiférence diversions, delays may rectify
drawing not only the conclusion that the EAW getertan the North Atlantic, but also that it
was generated by the West Spitsbergen Current.

The core period for the investigation are the yemmund 1918/1919 when the warming
started. The suddenness of the shift could be btiegedkey indicators for the mechanism of
the change. However as the number of stationsb@idor such investigation is very limited,
it seems advisable to present at first the EAWqaefiom 1919 to 1939, so that the analysis
of individual stations is seen in the wider contefkthe period.



Showing that the cause of warming had been dubaaé¢a could possibly even answer the
guestion concerning the “change in air circulati¢ee above: Scherhag & Brooks), or the
guestion a Russian scientist raised ten years\&g:are the maximum climate fluctuations
confined to the Atlantic sector of the Arctic?” earov, 1997:71L A higher heat release
from the sea will inevitably influence the wintentperature and the atmospheric circulation,
locally and in a wider region.

Geographical localization

It is furthermore reasonable to choose the regibere the Arctic Ocean and the Atlantic
meet, as it is acknowledged since the 1930s tlaténter of the warming had been here, as
the material by Scherhag shows (Fig. 7a-c). Evemenmecent research confirm that the
warming occurred during winter close to the Framaiand the pick was in the wider region
of Spitsbergen, with a varying intensity from soutbst Greenland to the Russian Island,
Severnaya Zemlya, at 80°N and 100° East; see FRydioe the 1920s, and Figure 9 for two
decades from 1920 to 1939.

Figure 8: Winter, differences 1921-30 minugig. 9: Winter, diff. (Nov/Mar) 1920 to 1939;
1911-20. Redrawing: (Lamp, 1982:Fig. 7.10a) Redrawing: Johannessen , 2004, Fig. 2a)

Furthermore, due to the fact that the Arctic Ocesed to be covered by sea ice one hundred
years ago (Fig.2), a substantial increase of theeaiperature during the winter season could
not have been generated in ice covered areas, wiagles it virtually impossible to transfer a
great amount of heat from sea to the atmosphereinvd short period of time. This is
practically only available off Spitsbergen, withetmost northern sea ice free area during the
winter season. (Fig.11) On the other hand the taHckufficient temperature data from the
North Pole restricts the scope as well. Practicadlyrth of app. 76°N only the Spitsbergen
record since the 1910s is available, which stati9ih2. (Fig.4)

The Circumstances of the EAW

The selection of stations

In the Northern North Atlantic there are about alezen stations which have a record
covering the period prior the 1910s, some sinceOl§Bovided online by NASA/GISS
(Goddard Institute for Space Studies) by annuarceplots, as reproduced in Figure 4-6, and
“monthly data as text” (Nasa/Giss,2009) As it woulat necessarily enhance the analysis if
all available data records are presented, fiveesaprtative stations have been selected for the
Northern North Atlantic region, namely two from thestern part (Greenland and Iceland ),
two the eastern part (Norway), and the Isfjord Badation on Spitsbergen. See: Figure 10



Figure 10: The five stations subject to investmabf winter
temperature (D/J/F) from 1912 to 1923

Although all stations are close to the sea, theynat necessarily close to open water, due to
very different sea ice conditions. This is partacly the case with regard to the eastern coast
of Greenland where a current is moving cold watemf the Arctic southwards. The
maximum sea ice extend usually appears in April sn&y vary considerably from year to
year. Insofar the sea ice conditions during wirlt8d7/18 (Fig. 11a-c) reflect an average
situation.

A, Sea Ice December 1917 B, Sea Ice January 1918 Se&lce February 1918
Figure 11a-11c: The images are provided onliné€lbg National Snow and Ice Data Center;
University of Colorado Boulder, section: Monthlyasee maps since 1900, (NSIDC, 2009)

The annual temperature trend from 1919 to 1939

On first view the annual record of the stationssprged (Fig. 4 to Fig. 6) seem to be quite
identical. Prior to the year 1920 all stations havewer level of temperatures over the years
shown than thereafter. At a second glance one baeree that prior to 1920 the lowest
annual value differs between west and east of rehNAtlantic. In the former it is 1918 and

in the latter it is 1917. After these years altistas, except Angmagssalik, observe an increase
of the values, which is very pronounced at theezasttations, with a first maximum in 1920.
At Grimsey the increase is modest. At Angmagsdakkvalue for 1920 is actually lower than
in 1919. However, the increase of the annual valoesvo decades at all stations is not very
impressive.



The temperature during the winter 1912 — 1923
The following Figures 12 to 16 show the combineglfe for the winter months January,
February and the previous December (D-J-F).

Figure 12; Spitsbergen — Isfjord Radio —
winter temperatures (D/J/F) 1912 to 1923 (Nasa/&i889)

Figure 13; Angmagssalik, Temperatures Figure 14; Andenes, Temperatures (D/J/F
(D/J/F) 1912 to 1923 (Nasa/Giss, 2009) 1912 to 1923 (Nasa/Giss, 2009)

I
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Figure 15; Grimsey, Temperatures (D/J/F)Figure 16; Vardg, Temperatures (D/J/F) 1912
1912 to 1923 (Nasa/Giss, 2009) to 1923 (Nasa/Giss, 2009)




Which are the general observations that can be Ifvett®ut Spitsbergen)?
- At the Norwegian stations, there was, prior 191%rager period of cooling since
about 1914.

At the stations Angmagssalik and Grimsey the pefioch 1912 to 1917 remained in
a moderate band, with only one big exception, ih8L9see below).

Table 1: Winter temperatures from 1912 to 1923 ative stations (see. Fig.9)

Angmagssalik Grimsey Spitsbergen Andenes Vardg

Greenland: 66°N, 38°W | Iceland : 66.5°N, 18.0° Isfiord R. 78°N,14°E Norway : 69°N, 16°E | Norway: 70.4°N, 31.1°E
YEAR JAN FEB D-J-F| YEAR JAN FEB D-J-F| YEAR JAN FEB D-J-F | YEAR JAN FEB D-J-F | YEAR JAN FEB D-J-F
1912 -49 -10.6 -7.1 1912 0.3 -35 -0.91912 -214 -241 -22/01912 -2.7 -51 -2} 1912 -7.0 -10.0 -6.2
1913 -7.3 -80 -7.51913 -0.7 -1.0 -0.91913 -14.0 -18.5 -14/41913 -15 -1.3 -1.4 1913 -3.4 -53 -4.2
1914 51 -12.3 -8.9 1914 0.1 -3.8 -151914 -20.0 -19.9 -17/11914 -12 -1.1 -1.2 1914 -62 -4.8 -4.8
1915 -7.1 -12.8 -9.1 1915 -0.7 -2.3 -1.21915 -125 -17.3 -15[31915 -2.6 -3.5 -2.] 1915 -55 -6.0 -4.§
1916 -6.5 -6.7 -6.0 1916 -0.3 0.3 -0.61916 -21.6 -14.7 -19/01916 -1.2 -1.2 -2.9 1916 -53 -45 -5.8
1917 -25 -58 -6.2 1917 05 -0.6 -1.31917 -204 -253 -21[71917 -2.0 -42 -2.9 1917 -6.0 -9.2 -6.9
1918 -14.8 -13.0 -13.8 1918 999 -4.9 -4.91918 -24.4 -17.2 -19/81918 -5.1 -1.6 -3.p 1918 -95 -58 -6.7
1919 -4.1 -149 -8.6 1919 -0.3 -3.5 -1.61919 -57 -19.7 -10{11919 -0.4 -4.1 -1.7 1919 -41 -7.0 -4.7
1920 -10.9 -13.0 -1001920 -3.5 -2.7 -2.41920 -10.5 -154 -12/51920 -15 -0.9 -1.8 1920 -6.2 -43 -5.1
1921 -109 -6.2 -8y 1921 -39 15 -0.51921 -151 -16.7 -13/51921 -2.8 -0.9 -0.8 1921 -54 -4.8 -3.9
1922 -46 -6.7 -6.01922 09 11 0.31922 -38 -99 -701922 -17 -14 -12 1922 -42 -3.8 -3.7
1923 -115 -59 -711923 -23 05 -0.11923 -11.0 -12.0 -12/11923 -0.6 -2.1 -1.6 1923 -2.7 -4.6 -3.9

What is particularly significant regarding the Spitsbergen data?
- A much higher range of temperature variations (10f&ween 1918 and 1919)

towards the other stations (e.g. Vardg ca. 2°C).
In January 1919 the mean was as low as -5.7°Cewviln pervious years had been
well below —20°C (except 1915, -12.5°; and 1913°€l). From thereon the January
mean got warmer (e.g. in 1922, -3.8°; and 1933°}2The following table shows that
the other stations are quite distinct from Spitgbarin this respect.
Table 2; A comparison of the January 1919 with thgears 1916 to 1918 at five
stations (Fig. 9).

Spitsbergen Angmagssalik Grimsey Andenes Vardg
1916 -21.6 1916 -6.5 1916 -0.3 1916 -1.2 1916 -5.3
1917 -20.4 1917 -25 1917 0.5 1917 -2.0 1917 -6.0
1918 -24.4| 1918 -14.8 1918 (999) 1918 -5.1 1918 -9.5
1919 -5.7 1919 4.1 1919 -0.3 1919 -04 1919 4.1

The low D-J-F 1918 month figure at Angmagssalik anérimsey

While the time period from 1912 to 1917 correspotaigely with the data from 1920 to
1923, the 1918 value with —13.8°C is surprising andjue in the data record since 1895. The
previous coldest winter 1896 was —11°C. The enosntmperature variation at these
stations in 1918 is confirmed by three other Icélatations. For example, with regard to
Reykjavik, the D-J-F figure is for the years: 1910.3°); 1918 (-3.5°); 1919 (-0.8°), and 1920
(-2.5°), showing the next negative figure only teyars later in 1931 (-0.3°). However, any
correlation with the start of the arctic warming@se remote. Here we can only guess that the
low temperature had been supported by a temponadyragional change of sea surface
temperatures, which might have been enhanced lkjeicalvater in the Northern North
Atlantic that had also bought colder conditionsthe Norwegian stations and Spitsbergen
over the brief period of time from about 1914 td.89

Spitsbergen compared with Andenes and Vardg
On first glance, the temperature trend at the tleitions looks as if there is little to
comment. The general trend is quite comparablapagh it is noticeable that the cooling



phase prior 1920 had ended at Spitsbergen in EdiBpne year later at Andenes and Vardg,
in 1919.

Furthermore the figure value of changes is remdekdifferent. Although it seems to be a
very modest aspect, with regard to the prevaileg current system in the region, presumably
it is of considerable relevance. Actually, all #alecations are directly connected to the warm
North Atlantic Gulf Currents. Along the coast of denes is the Norwegian Current, which
separates here into the West Spitsbergen Currentirca warm water northwards to the
Arctic Ocean, and the North Cape Current movingvearsis with warm water for the Barents
Sea. As all three stations are in a very closedcs to the warm water currents mentioned,
the huge difference in the change of temperatunensarkable. Furthermore, the distance
between Spitsbergen and the two continental s&i®nvith less than 1,000 kilometers, not
only quite modest, but due to the considerable dméehe currents, the water needs from
Andenes to Vardg, and Spitsbergen only a few welelsefar one could have expected a
much less difference between the north and thehsautnatter which will be raised in the
next section again.

The situation at the West Coast of Greenland

One Scherhag figure (Fig. 7) indicated that theas & warming at the South-West coast of
Greenland from 1920 to 1930 as well. The statiodt@ab Nuuk, which is representative for

few other West Coast stations, shows a temperatifestarting with the year 1923 (Table

3). The succeeding two years, 1921 and 1922, hawl Ibelow the previous average.

Table 3; Godthab Nuuk, West-Greenland (64°N, 52°W),
Winter temperature (D-J-F) 1912-1941; Source: NASAGBIssS.

YEAR D-J-F YEAR D-J-F YEAR D-J-F YEAR D-J-F YEAR D-J-F
1912 -7.7 1918 9.0 1924 -6.0 1930 -9.0 1936 -3.9
1913 -8.0 1919 -8.2 1925 -11.2 1931 -6.3 1937 -10.2
1914 -10.9 1920 -8.9 1926 -4.9 1932 -7.1 1938 -8.4
1915 -10.7 1921 -10.3 1927 -6.7 1933 -8.2 1939 -7.8
1916 -6.5 1922 -11.7 1928 -7.2 1934 -7.9 1940 -4.7
1917 -2.9 1923 -7.2 1929 -3.7 1935 -8.0 1941 4.2

The warming period since 1923 is modest and rahert, lasting only until the early 1930s.
Two further figures published by Scherhag, hereawd (Figure 17 and 18); do not indicate
a significant warming in south-west Greenland sith@emid 1930s.

Figure 17; Winter temperature deviation | Figure 18:Full year temperature deviation from
1933 to 1935 (Scherhag, 1936a:Fig4) 11/1936 to 10/1938 (Scherhag, 1939/Abb.2

The situation in the east of Vardg
Concerning the full time period in question, frohetlate 1910s to 1940, it is not easy to
assess the situation during the initial years efghriod, while a substantial warming during
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the 1930s is well established for many decadesh Yéierence to the Scherhag figure (Fig.7)
the 1920s indicate only a modest rise of the witégerperature, which can be attributed to the
increase at Spitsbergen and Greenland and caraedthere with the Jet-Stream eastwards to
Severnaya Zemlya Island and beyond. This explamaisonot sufficient for the strong
warming in the east of Spitsbergen during the 1980sch is not only confirmed by the
Scherhag figure (Fig. 17 & 18), but also by Fig8rehich is based on an image published by
H.H. Lamp in 1982. The strong warming since the @®@0s was presumably enhanced by
Atlantic water that had entered the Arctic Oceardl moved eastwards along the continental
shelf in the Nansen Basin. Due to observation bydRov et al. that a sea water anomaly
would need app. 4 to 5 years to reach the LaptepesiPolyakov, 2005:1), which is
immediately east of Severnaya Zemlya Island. Howelecan not be excluded, that an
impulse came also by the North Cape Current vie®arSea and Kara Sea. As there is no
indication what so ever, that any heating potesitigld been in this region prior the warming
at Spitsbergen, the issue is here not further isizet.

Discussion

The basis for discussing the matter is the wideknawledge fact that the center of the Arctic
warming in the early 20 Century was Spitsbergen, covering a region fromtrsavest
Greenland to the Russian Island Severnaya Zemlyes Was at least the situation in the
initial phase. It is therefore possible to concatetifully on the circumstances of the warming,
with regards to when and why.

There is no information available about a regioogation with a substantial or noticeable
heating potential from where the rise of winter pemature at Spitsbergen could have been
evoked at the end of the 1910s. That applies ®M\arthern Hemisphere in general as well
as for the North Atlantic in particular. Althougltl anvestigated stations have registered a
warming after 1919, but in no case, earlier tharspitsbergen. At the Greenland/Iceland
stations the change in winter temperature was nicdes manifested only after 1920. With
regard to the station in the very north of Norwthg increase from 1918 to 1919 by 1.5° to
2.5° hardly permit to call this a heating potentialnen at the same time the rise at
Spitsbergen was 10°C. That may already serve dsstairidication that a change in air
circulation, as claimed by Scherhag (see abova)aher weak argument. Furthermore, after
1919, the temperatures at Andenes and Vardg, beté820 and 1923, (Fig. 14 & 15 and Fig.
6) leave little room for the anticipation that heatld have been transferred from here to the
north. At Andenes the rise lasts only until 1924 ahe figures are lower in the next two
years. At Vardg the figures are neutral, while Sm@tgen records his highest figure in 1923.
However not the trend during the initial years, tha fact that the trend at Spitsbergen did not
limped behind Andenes and Vardg is remarkable, thatl the heating potential and the
continental stations was in no way excessive. Tigaen temperatures have also not been
generated in Europe; see Figures: 8, 9, 17 andri8. can be a clear indication that the
volume of warm Atlantic water traveling northwardsth the Norwegian Current did not
increased during the time period in question. Aggusome time ago the IPCC (IPCC, 1990:
228) noted:

“Stronger westerlies over the Atlantic do not, #fere, account for the Arctic
warming of the 1920s and 1930s on their own: in fiaey preceded it by 20 years.”

As the source that caused the Arctic warming inetidy 20" Century must be placed in the

north of Iceland and Scandinavia, only the sea éetwAndenes and Spitsbergen remain. As
Norwegian Sea could not have generated extra heaigdthe winter season without heat
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supply from elsewhere, the Arctic warming since 4 the result of changes in the system
of the West Spitsbergen Current. But how did it ecabout? As the matter had never been
investigated, finding a complete answer looked lblealy few years ago. But could that
change in the near future if one takes notice oatwbmitrenko et al. said about their
assessment of the current situation in the Aretst {year, May 2008, of which we reproduce
an excerpt here without any further comment:

“We document through the analysis of 2002-2005 oMag®nal data the recent
Atlantic Water (AW) warming along the Siberian doental margin due to several
AW warm impulses that penetrated into the Arctie@tthrough Fram Strait in 1999-
2000. The AW temperature record from our long-tenonitoring site in the northern
Laptev Sea shows several events of rapid AW teryerancrease totaling 08 in
February-August 2004. We hypothesize the along-masgreading of this warmer
anomaly has disrupted the downstream thermal équifh of the late 1990s to earlier
2000s.” (Dmitrenko, 2008:Abstract);

Despite the great shortcomings in knowledge almeittay the Spitsbergen Current changed
during the first decades of the last century; ospeat may provide a hint, namely the
suddenness. All presented temperature plots rectanlly modest variation, before it came to
a very brief cooling around 1916 to 1918, afterakha very brisk temperature rise occurred
at all stations. The rise between 1918 and 192&Hygtresulted in a shift of level. The annual
temperature figure for three stations (Fig. 4 ta&nonstrate very clearly that the level before
1920 was significant lower than after 1920. Thisldan shift gives the observation by
Schokalsky (see above) special weight, wherebyhio&ness of the cold sea surface layer of
200m in Nansen’s time (about 1893-1896) has beendeeduced to less than 100 meters in
thickness about 40 years later. This would releasee heat to the atmosphere. But as
mentioned already, the warming prior 1920 was vegdest, which could mean that the
status of the surface layer had been fairly consfims consequently allows the conclusion
that the thinning of the cold surface layer camey/ weiddenly and during a brief time frame,
from 1918 to 1923. Already in 1922 The WashingtarstPcould report: “Arctic Ocean
Getting Warm; Seals Vanish and Icebergs Melt”

Under the prevailing circumstances as elaborateel iheeems rectified to account the change
in circulation as source for the warming as clairbgdR. Scherhag (see above), to the same
source that generated significant warmer air teatpegs at Andenes, Vardg, and
Spitsbergen. It would be the account Brooks hadaébr (see above).

CONCLUSION

The sudden warming of the Arctic in the earl)?‘ZDentury is presumably not as puzzling as
elsewhere assumed if investigated on three parasnetgamely winter temperature
observation in the region, the prevailing sea imeditions, and the impact the sea has on air
temperatures at high latitudes during the sunlesgewseason. The observed temperature
profile at several representative coastal statiortbe Northern North Atlantic, indicate that
the most northern station on Spitsbergen obserdvedctihange into a warmer stage first and
most pronounced. As this change came with an unknewnddenness, and the temperature
increase had evidently not been carried from oatsite Arctic Ocean and Northern North
Atlantic into the Spitsbergen region, the sourcett@ warming is the West Spitsbergen
Current, which must have seen a substantial systefhwithin a very short period of time.
Particularly the explosion of the temperatures stmolwing up in the subsequent winters until
1940 leave little room for any other option. Thecamstances of the Arctic warming since
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the winter 1918/19 are ocean related in general, #ne West Spitsbergen Current in
particular. How the shift came about so suddenlynag to be answered here, but the
observation published by J. Schokalsky in 1936t ttiee surface layer of cold water which
was 200 meters thick in Nansen’s time, has now vedoced to less than 100 meters in
thickness®, could have happened over a time peoiod-3 dozen years, but also within a
period of several months. The sudden thinning efstha surface layer in the high North could
be an interesting starting point to bring more tighthe early Arctic warming.

More about the EAW ahttp://www.arctic-heats-up.com/
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