The rocket rise of the winter temperature at Spitgen is well illustrated in a graphic that the Wegian
scientists published more than 50 years ago (seeeap. 3). In the oral presentation at the ‘Polar
Atmosphere Symposium” held in Oslo from 2-8 July5@9the authors Hesselberg and Johanné&ssen
explained:

“Of special interest are the data from Spitsbergérere the series of observations go back to
1912. During the first years the observations shawgonspicuous climatic change, but then
comes a rapid rise of the temperature in the ye@t71to 1922. The increase of the mean
temperatures in this period was about 7 degreesiG®in the winter, 3 degrees in the spring,
3 degrees in the summer, 3 degrees in the autumhd aegrees for the whole year. After the
year 1922 the temperature continued to rise uhglwar broke off the series, but the rise was
much slower.”

“The rise of the Temperature in Spitsbergen is éaopmpared with the rise in other parts of
the world (about five times as great as in Norwdyjis fact can be explained by the position
of Spitsbergen at the southern border of the ivkretic area”. (Hesselberg, 1958)

Not less impressive is a further graph showingtémeperature developments in Norway from Spitsbetgen
Oslo during the years 1871 —1938, (Manley, 1844Jhe image indicated the changes in the ten-yearly
winter mean temperature in Tromso, Roros, Bergaip,@nd Spitsbergen. It is worth to observe the tof
commencement of the rise at different location®wshg that the turning point was later in the Soath
Norway as in the North: Spitsbergen before 192@m&Eo in 1920, Réros ca. 1921-25; and in Bergen and
Oslo, 1924-25. While Manley (1944) points at thetfthat “Temperature in Norway, especially in Nath,

has certainly risen far more in recent years thaang other time in the last two centuries”, Jorszom
(1936) confirms that the increasing temperature® leeen coming “from the North”. As the ‘rise’ saisied

for two decades, only the seas, by a substantiftl ghthe seawater bodies around Spitsbergen aed t
Northern Seas, could have generated such longdkmatic changes. This section attempts to estalhiat

a colossal temperature rise occurred in the Spisiperegion from summer 1918 to winter 1918/19.

@ 1 0 "

One aspect is official: During the last century itherease of temperatures in the Arctic was tweesirhigher
than the global average (IPCC, 2007), which israarésting aspect but explains little. A detaile@lgsis
needs more elaboration. The immediate problem a there is almost a complete lack of sea water

2 3ee also: Special Page at Chapter 2, and SP (@defa08) this Chapter.
2 Chapter 5, section e) Europe
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temperatures, not only from lower level, but neitirem the sea surface (SST). The pillars for redfeag
the climatic developments are surface air tempezat(SAT), and also they are rare during those.days

But at least in one case the Arctic research wéisci At Spitsbergen, the first permanent tempestiata
series began in 1912, right in time for recordihg presumably highest temperature rise ever obderve
(Birkeland, 1930). Few further places within thddpcCircle provide data as well, and are now awédat

the website of NASA/GISE, e.g. since 1880 in West Greenland, Upernavik Jat@bshaven, and Grimsey
in Iceland. In most places in the Nordic Sea ageg, East Greenland, Jan Mayen, and Bear Islarathee
records were taken only since 1920 or later. Atpudbr the first quarter of the last century, soliata
concerning the polar region is limited and has dty on few expedition records and interpretation of
secondary observations.

Another investigation source is, probably, the ¢feaaf the ocean ecosystem, illustrated by a grapwisg
the great increase of the cod fishery of the WesteGlanders since ca. 1926 (at Chapter 5), dueetbigher
water temperatures (Carruthers, 1941). This phenomé the northern North Atlantic has been subjeca
number of papers since long (e.g. Lee, 1955).

More recently Drinkwater concluded from such ctemmn fish populations occurring during the 1926d a
1930s can be linked to a general warming of thaagenot only due to a large rise in air tempeestatone,

but to an apparent change in ocean circulationttmight more warm water northwards (Drinkwate Q&0
This is an interesting and supportive material, bat the explanation needed for the way it happened
This investigation will leave the changes in theosystem aside and concentrate on the available
temperature data.

@ n
For climate research the location of Spitsbergenkitessing, and not only in one respect, namely:

Located in the middle of three huge water bodiesinme and size:

o Norwegian/Greenland Sea;

0 The Arctic Ocean; and

0 The Barents Sea, with a modest volume (mean dept?80m) but considerable size.
Located at the edge of sea ice, were regardled®dime of a season at least a tiny space ofdae s
remains ice free, which ensures a maritime indwtietatology, while a space covered with sea ice
induces continental climatology.
Located were the sun does not rise above the hofaothe whole winter period, at Spitsbergen
from the 28" of October to the 18of February (Birkeland, 1930).

The last point would make climate research muclegasecause from two ruling elements of climakes t
sun and water, the sun can be neglected of haviigeet impact over a couple of months. The citifighe
following paragraph, taken from a press releas@@Max Planck Institute for Solar System Resedrchay
illustrate why this is a serious aspect:

2ANASA, Goddard Institute for Spaces Studies/NY; #iiata.giss.nasa.gov/gistemp/station_data/
% Max Planck Institute for Solar System Research 4200How Strongly Does the Sun Influence the GloBtimate?” Press Release
8/2004, the 2nd of August 2004
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1. Changes apparently in the arctic climate systenmeoent years require evaluation in a century-s
perspective in order to assess the Arctic’s resptm#ncreasing anthropogenic greenhouse-gas fprcin

2. We show that two pronounced™@entrury warming events, both amplified in the #rcwere linked to
sea-ice variability.

3. SAT observations and model simulations indicate tha nature of the arctic warming in the last t
decades is distinct from the early"2€entrury warm period.

4. ltis suggested strongly that the earlier warmirag watural internal climate-system variability.

WINTER HALF-YEAR SURFACE TEMPERATURES TREND, 1920-1939

RUSSIAN FEDERATION

S BERGEN
‘GREENLAND
N - MORE THAN +2°C [
NORWAY

< SWEEDEN MORE THAN +1°C

Info for image based on source:
la M. Johannessen et al., TELLUS 2004;

By approximation only and with modifications. MORE THAN -1°C

The pronounced Arctic warming over two decades (1920-1939) was restricted
to an area not larger than ca. 1/3 of the whole Arctic Ocean. 2007AB

/ : Figure 2 of the paper includes an image of seasBAal trends north of 30°N. The general indicati
for a 6 months winter season for the two decade&9-1939 (which are in great conformity with the $therhag
data from 1936, and H.H. Lamp from 1982) the foilog graphic has been prepared. These and othphigs
show, that the intensive early warming was notughmut the Arctic, but only in the North Atlantiector. One of
the co-authors, V.F. Zakharov noted this already7]1@s mentioned in Chapter 1, by sayingh¥ are the maximun
climate fluctuations confined to the Atlantic seabthe Arctic? Zakharov, 1997). Neither he, nor any of his 11
al.) colleagues pay any attention to this aspelthodigh they assume sea-ice variability as applecad the early
warming, they do not even realize that the earlymiag commenced in 1918/19 despite the fact thatiimter sea|
ice was not reduced (see: April sea-ice in Chapyeand that they should have at least acknowledgeduddennes|
of the temperature rise since winter 1918/19. Butheir oldest reference material dates from 1983ly, 1982),
they ignored all research material published o@eyéars since 1930.
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“The influence of the Sun on the Earth is seenaasingly as one cause of the observed
global warming since 1900, along with the emissibthe greenhouse gas, carbon dioxide,
from the combustion of coal, gas, and oil. "Justvhiarge this role is, must still be
investigated, since, according to our latest knalgk on the variations of the solar
magnetic field, the significant increase in the & temperature since 1980 is indeed to
be ascribed to the greenhouse effect caused bynatioxide," says Prof. Sami K. Solanki,
solar physicist and director at the Max Planck Inge for Solar System Research.”

To find out at what time exactly the climatic chaa@f the 1920s started, the following discussimmsitiers
the core winter months of December to Februaryoif stated otherwise. Tracing the sources of ‘déma
making’ is much easier if the sun is not involvédithout the sun heat from the oceans is the satamer of
the weather mechanism in wintertime at high lagtud

2 "1

@ " 1

As mentioned earlier, the information given for tSpergen (Svalbard) by Birkeland in 1930 was alyemd
quite sufficient indication of the temperature shfihe change came with suddenness. On the bias@fa
dozen years the jump before and after winter 1@ &1labout 8°C. Comparing only January/February of
1917 and 1918, with January/February of 1919 a2 18e temperature jump is almost plus 10°C.

During the winter of 1918/19 the temperatures \hmeuch. There were long periods in November and
December 1918 with close to zero degrees (appréxd&s less than 5°C), with 4 days above zero in
November and 7 days in December. In January 19194odays the temperatures did not reach —-5°C, five
days were frost-free. With average monthly tempeest of —7.5°C and +8.0°C, respectively, above d&r-y
means the sea must have transferred a lot of betliet air. However, during February — April 1918e t
temperatures were well below the average with gelace cover far out into the sea. But that did aftect

the significant warming that started a few weektiera

One further point needs to be observed. Actuatig, ‘tvarming-up’ process must have started some Imsont
before winter 1918/19. The annual deviation for8,91e. “+0.1", indicates the end of a cooling tlesince
1915, during the previous winter 1917/18, sometimepring or summer 1918. There exists even a tepor
that during the summer 1918 the water in the FjafdSpitsbergen west coast had been very warmC7-8°
(Weickmann, 1942).

@ o

The presented comments are an arbitrary selectidnda not mention reference already made earligr wi
one or two exceptions. Further details will be giwe the next chapter. The listing will show tliae interest

in the Spitsbergen event diminished over the tingeiad of receiving more. Nevertheless, it canhmsva

that the previous generation of researchers inhesetence, might have been closer to understand the
Spitsbergen event as modern science, but had bagpes by the Second World War.

Birkeland (1930) The mean deviation of the Green Harbour’ Spitgberstation data results in very high
figures, probably the greatest yet known on earth.
28
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Year | Annual January | February | Sum of
deviation
Deviation | deviation | Jan-Feb
Spitsbergen 1912 -3.1 -8.4 -7.3 -15.7
pisberg 1913 | +0,2 +0.3 17 14
o 1914 -1,3 5,7 -4.9 -10.6
Deviation from mean 1915 2.0 +1.8 -05 +1.3
1916 -2,5 -8.6 +2.1 -5.5
Annual 1917 -5.0 -7.4 -10.3 -17.7
1918 +0.1 -10.1 -0.4 -10.5
& Mean deviation per winter months Jan., Feb.: -8
1919 -0.8 +8.6 -4.7 +3.9
1920 +2.3 +3.8 +1.4 +5.2
January — February 1921 | +0.6 0.8 +0.1 0.7
1922 +2.5 +10.5 +6.9 +17.4
1912 - 1926 1923 +2.9 +3.3 +4.8 +8.1
1924 +2.5 +5.7 +8.1 +13.8
1925 +1.9 +4.3 +6.3 +10.6
1926 +0.8 +2.2 +0.5 +2.7
Mean deviation per winter months Jan., Feb: +3.8
vV 71900 1920 1940 1960 1980 2000
-0,5
-1
Data information from: Polyakov et al (2004)
By approximation; 2009/swww.arctic-warming.com
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Kunz (1933)Kunz dates the temperature shift at Spitsbergeh9tt8, based on the winter ice conditions
around Spitsbergen, noting that after the veryricle-years of 1915-17 the subsequent years sint8 had
most been ice-poor.

Schokalsky (1936 he discovery concerning the warming of the P8lea, which dates from 1921, was also
observed by the 192@arion Expedition in the Baffin Bay as well as in the 8atis Sea.

Scherhag (1936/SeptDuring the decade 1912 to 1930 the Northern Helneire shows an increase in winter
temperatures, which exceeds 1° north of 60°N, atWest coast of Greenland 2-3° and even more at
Spitsbergen. The areas with decreasing temperdtltedack and are restricted to middle Asia, western
part of the Mediterranean, the Atlantic Ocean betwéhe Azores and Bermuda. The contribution to the
warming in the temperate zones but particularlthearctic region is sheer perplexing. The gerstaation
indicates that the changes are due to an entirggeha the circulation.

Scherhag (1937All stations north of latitude 55° North indicatewarming, which increase towards the
pole, and reaching a maximum along the West Coa§reenland with 2 degrees Celsius. However the
warming is even higher at Spitsbergen. Such stifpmaf temperature change as we observe at Spifshe
needs to be accounted as the largest climatic elsang

Brooks (1938) At Spitsbergen at least, the rise occurred in stames, the winters of 1922-23 to 1924-25
being warm, those of 1925-26 to 1929-30 somewhalkecpand those of 1930-31 onwards warmer than the
first group.

Scherhag (1939/Febljhe temperature increase at Spitsbergen, whichigameor the first time in winter
1918/19, brought an increase of 5° over the pefioth 1912 to 1920. The warming got a phenomenal
increase during the 1930s of 9°. The culminationtho$ development is not yet foreseeable: the winte
1936/37 was warmer than all previous records ,thadvinter 1937/38 broke this records as well, aad in
average by 16° warmer than the winter 1916/17. §toan be no doubt any longer that the temperature
increase in the polar region represents the largesatic change since regular meteorological oketérns

are recorded.

Scherhag (1939/Junifhe water temperatures in West Greenland have tmearkably low in the last two
years (1937 and 1938) together with colder wintérs.the contrary, nothing comparable could be olesker
at Spitsbergen, where the mean temperatures ofathewinter (November to March) superseded with a
positive deviation of +8.5°C all pervious years.

Carruthers (1941 August, 1931, H. Mosby in the “Quest” observedch higher salinities in the Atlantic
water in the polar sea north-east of Spitsbergan ttad been observed by earlier expeditions.

Manley (1941)The effect was indeed remarkable; the salty Aitamater penetrated further into the Arctic to
such a degree that, for example, the average lafdtie coal shipping season at Spitshergen aldmsbled
in length, from 95 days during 1909-12 to 175 ddysng 1930-38.

Henning (1949Before 1917 the duration of shipping to Spitsberjad averaged 94 days but since 1918 —
1939 it has become 157 days. The warming movesudgetation in Scandinavia some 100 km further north
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The Spitsbergen branch of the North Atlantic Curren
has greatly increased in strength and the surfager |
of cold water in the Arctic Ocean has decreasethfro
200 to 100 metres thickness.

Attributing the recent period of warm winters to an
increase in the strength of the atmospheric citmra
only pushes the problem one stage further back, for
we should still have to account for the change
in circulation.

Moreover, it is almost equally plausible to regénd
change of circulation as a result of the warmin ghef
Arctic, for open ice conditions in the Arctic Oceare
favorable to the formation of depression.

More probably the increased circulation is bothseau
and effect of the warmed Arctic

COMMENT: C.E.P. Brooks was very close to the soluti

of the causation of the early Arctic warming. Rekadle

is that he challenged already R. Scherhag'’s rdtithrat

the circulation had initiated the warming, whichsidl in

use today. Brooks seem to have overseen the suesienn

by which the warming started, because this woualdeh

made clear to him that atmospheric warming foll oviteel

ocean warming, and during the winter season itccouly be provided by a sudden shift in the warnitsBgrgen
Current. Brooks far-sightedness was lauded by Qadruthers by writing in 1941:

Eight years ago, the very wide subject: “oceanodwaand meteorology” was treated expertly and insiderable
detail in a 60-page paper which confer a real baamthe practitioners of both our sciences. The ewrivas the
American meteorologist C.F. Brooks, who has hadewil¢alings with the sea and who made very exter]
investigations on ocean temperatures among oth&gth In one section of his valuable paper (FN)fitled
“Surface oceanography fundamental to world metemgg|” C.F. Brooks treats the following subjects:

__The ocean as regulator of the world weather.

__The ocean and the planetary wind belts.

__Seasonal abnormities in centres of action.

__Ocean temperatures in seasonal weather foreapg@arruthers, 1942

'C.F. Brooks “Oceanography and Meteorology”, Chapte(457-519) of Physics on the Earth-V. “Oceanpiyy” Bull. Nat. Coun., Wash., No.85, June 1932.

Source: www.arctic-heats-up.com; The Arctic Warming 1919 to 1939; by: Arnd Bernaerts
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Kirch (1966) The world-wide rise in temperature, which begast tentury and has reached its climax in the
thirties of this century, has been especially wedlrked in the Arctic region. In the summer monthe,
warming was generally in the order of magnitudé afegree Celsius, whereas it reached 7.7 degrdsisi€e
in the 10 years mean over Spitsbergen in the wimtanths; at Spitsbergen was the annual mean of ingrm
about 3.7 degrees Celsius. Most stations showede\sbat lower values, the main rise in temperature,
however, always took place in the winter months.

Lamb 1977The strongest (and therefore most easily estaisbffects on temperature are — apparently as in
other, earlier climatic fluctuations — observedha highest northern latitudes

Lamb (1982) The change of prevailing temperatures seems tthéareatest in the regions affected by
changes in the balance between the warm northbétladtic water and the cold polar current at theat
surface in the Norwegian — Barents Sea — east eér@Gand region. Lamp provides a graphic accouthef
winter temperature deviation in the decade 192 us winter 1911-20) and with the centre east of
Spitsbergen (+6°C). Lamb indicates that this regtogether with the Norwegian Sea, seems to benibes
sensitive to climatic variations.

Jones (1982The warming between 1881 and 1940 and the subseqaeling to the mid or late 1960s are
readily discernable.

@ % " 0 4

The Russian scientist J. Schokalsky said to theaR®gottish Geographical Society that ,, it is resegy to
know more about the thermal condition of the bramfhthe Atlantic Current which passes round
Spitsbergen”. That was not last year, but well kef&/orld War 11 in 1935 (Schokalsky, 1936). It seethat
papers published in the first decade of the newermiium are silent in this respect, and mention the
extraordinary Spitsbergen event not at all, orexteeme superficial on the early warming. Whatisremore
surprising that virtually not any efforts have bemaade to use the findings of the pre-WWII genergtio
analyse their conclusions, or at least to makereafees to their publications. Their reference papee
usually not older than 10 years. Prominent namesiience in the 1930s, e.g. Brooks, Helland-Hanaed,
Scherhag acknowledge? Why is this a complete negegturn? Do they regard themselves much wiser as
their predecessor? How little specific attentiogiigen to the location Spitsbergen shall be illatstd by few
examples from well known experts.

Polyakov (2003)a) The Arctic SAT (sea-air temperature) shows maxima: in the 1930s —1940s and in
recent decades. b) The warming in the 1920s-30srayad in spring and autumn and very rapid in winte
and much weaker in summer. ¢) The period from 161822 displays exceptionally rapid winter warming

Polyakov (2004) The warm and salty Atlantic water (AW) plays &apl role in the thermal balance of the
Arctic Ocean.

Kelly (1982) During the final years of the 1910s, warming be@athe Barents Sea and Kara Sea regions.
The 1920’s was a transitional decade with strongnivag affecting most regions. The Barents and K3eas
had warmed by ~2°C (annual data) by the mid-1920s.

32

Source: www.arctic-heats-up.com; The Arctic Warming 1919 to 1939; by: Arnd Bernaerts



The year with the most southern edge of sea ice wims1917
with no ice free sea of the Spitsbergen’s coast.

The only time during the entire 20th Century.
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Polyakov (2004)n contrast to the warming period of the 1990e,1830s warm period in the Arctic did not
coincide with a positive phase of the NOA (Northa#tic Oscillation).

Johannessen (2003yo characteristic warming events stand out, its¢ from the mid-1920s to about 1940
and the second starting about 1980 and is stilbimgy

Bengtsson (2004The huge warming of the Arctic that started in #aely 1920s and lasted for almost two
decades is one of the most spectacular climatewéthe 28 century.

Drinkwater (2008 During the 1920s and 1930s, there was a dramatiming of the northern North Atlantic
Ocean, that was considered to represent the ngysfisant regime shift experienced in the Northaftic in
the 28" century. Drinkwater makes several references & \WWII papers, however, his subject is the
ecosystem and fishery.

Overland (2005)In the early period, roughly 1920 —1927, the pesiphase of the Atlantic Oscillation (AO),
or more locally the North Atlantic Oscillation, hadcontribution on the North Atlantic seesaw withrm
temperature anomalies in Europe and cold anomialieest Greenland.

Overland (2006) What is the comparison of the recent decades thiehearlier warm periods in the Arctic
such as the 1920s-1940s? What is the future? Towy $¢ more complex than was thought even
five years ago.

Serreze (2006 The earlier warming (from about 1920 to 19403 wanfined largely to high latitudes.

Teng, Haiyan (2006)This warming (during the last decades) is distifttm the early Twentieth
century warming.

IPCC (2007)Average Arctic temperatures increased at almostetlie global average rate in the past 100
years. Arctic temperatures have high decadal viitigband a warm period was also observed from
1925 to 1945.

Brénnimann (2008)Given the similarity of response in Arctic tempgearas during the early and late 20th
century warming, the question remains: To whatrexi® Arctic temperature controlled by global wangi
by the regional atmospheric circulation, or by loftequency oceanic processes?

IPY 2007-2008 Activitie¥: During last decades in the Euro-Arctic Regionréhés observed a stable
tendency towards warming that enables us to assbhatethis is not a short-time deviation of the ciin
system from the equilibrium but long-lasted changes

... Spitsbergen is a wonderful science platform fudging the overall spectrum of reactions of Polar
Regions nature on the climate variations both ¢dfirgdand anthropogenic origin.

% |nternational Polar Year (IPY) 2007-2008; Spitsteerglimate System Current Status — SCSCS. (Abshaut Summery of Activities);
http://classic.ipy.org/development/eoi/proposalkadletphp?id=357
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?K @% A meridional pattern was also seen in the late0$9®ith anomalous winter

(DJFM) SAT, at Spitsbergen, of greater than +4°GthBoeriods suggest natural atmospheric advegtive

contributions to the hot spots with regional lo§sea ice. Recent warm SAT anomalies in autumn
consistent with climate model projections in reg®to summer reductions in sea ice extent. Thenteramatic
loss of Arctic sea ice appears to be due to a coatibn of a global warming signal and fortuitousaping of
intrinsic climate patterns.

are

2 ?K @% The only major departure in the 20th century was

during the 1930s when SAT observations at Spitgrettad an extended interval with winter (DJFM) aales
above +4°C relative to a 1912-2002 baseline (Fiy. Maximum temperatures were toward the end ofdgeade)

with composite SLP (sea level pressure) anomalf@s winter 1937-1939 showing strong meridiofal

flow towards Svalbard.

(NOTE: Fig.7a indicates a temperature differendevben 1917 and 1920 of 11°C. The mean level rerdaieeo
until 1925, turned to about —3° until 1930, to oue on a ca. mean level of +2° until WWIL.)

E2/ " ?K @$% The SAT and SLP patterns in the central Arctichatlbeginning of the 21st centu
(2000-2007) were unique compared with most of @th 2entury and are labeled the Arctic warm period.

The winter/spring SLP anomalies for 2000-2007 oftame a pressure dipole/meridional geostrophic vaiaiern
with some resemblance, but different orientationthe pattern in the 1930s, when the AO (Arcticildion) and
PNA* (Pacific North American-like) were also small.

o' $
Why is no attention paid to the fact that the wargndccurred more than 10 years earlier than tleareker mention
namely “during the 1930s” as they did also in poasgi work. See: Overland, J.E. (2005) and Muyin Warihe
third Arctic climate pattern: 1930s and early 2000éen saying: “The period from 1928-1935 alsd laadipole
structure in SLP, which contributed to the inteeftad arctic-wide warm temperature anomalies infitise half of
the 20th century.”

Source: www.arctic-heats-up.com; The Arctic Warming 1919 to 1939; by: Arnd Bernaerts
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On one hand there is an extraordinary and very esudide in air temperatures at Spitsbergen in dite |
1910s, and the more time passes the less is thetiicicommunity showing interest to scrutinizéstevent
thoroughly and to search for clues. That is toibeliand insufficient. It appears that the generstiof the
scientist in the 1930s were more willing to takecemprehensive approach in Arctic climatic mattersgl
more willing making progress in this respect, asidestrated by a sentence made many decades apas“It
for some years surprised me that although the metid the oceans of air and water have much in camm
and depend on the same principles, students inonedogy do not as a matter of course acquaint tetras
with the fundamental facts of oceanography” (Cérews, 1941).

The book “Oceanography for Meteorologists” publisie 1942 (Sverdrup, 1943%already stressed:

“It might appear, therefore, as if the oceanic cifation and the distribution of temperature
and salinity in the oceans are caused by the athmrsp processes, but such a conclusion
would be erroneous, because the energy that mastdie atmospheric circulation is to a
great extent supplied by the ocean.

The following discussion will pay attention to thdvice. Having established that the temperaturevetica
rocket rise in winter 1918/19 and remained sigaifity high over two decades until 1940, this sdédt
needs now to be analysed in its wider context avdihcould be generated and sustained.

?’See also: Special Page “2005, Polyakov”, at Chabter
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