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In the book a survey is given of the basic works 
on the change in climate. Extensive factual data 
of variations in air temperature is given as one 
cf the most important elements of climatic in¬ 
dices. Variations in temperature are investigated 
for each month of the year and on the average for 
the year on Earth from instrumental observations 
of the last 100-200 years. 

The connection is studied of the change in 
temperature with atmospheric circulation« solar 
activity, and ice cover of theArctlc and Antarctic 

seas. 

The book is intended for meteorologists, 
climatologists and all those who are interested 
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PREFACE 

In this work results are given of investigations of the change 
in air temperature on Earth, which were conducted at the Climatology 
Branch of the Main Geophysical Observatory (GGO) named after 
A. I. Voyeykov. 

It is known that different authors have revealed fluctuations 
in temperature from several days to hundreds and even thousand of 
years. The purpose of the present work was the investigation of the 
fluctuations in a range of 5-7 years to several decades. The 
majority of the authors studying the change in climate was limited 
to examination of temperature of two months (January, July) or the 
winter season and the mean annual. Since it was clarified that the 
rate of change in temperature even in months of the same season can 
be considerably different in directivity and intensity, the 
establishment of physical regularities without analysis of extensive 
material for all months of the year is barely feasible. 

As a result of analysis of data for each month of the year 
regions of synchronous fluctuations in temperature in different 
months of year are seperated, the community of the trend of the change 
in temperature in both hemispheres in certain months and their 
peculiarities are clarified, and regions of the Earth and months of 
year are determined when the connections of changes in temperature 
with indices of circulation of the atmosphere and solar activity are 
expressed most clearly. 

The collected and thoroughly analyzed data on air temperature 
in the form of graphs of moving mean 10 year values permits objectively 
Judging the conclusions made in the work. This data is of independent 
interest for numerous researchers of the change in climate for which 
the authors considered it expedient to put a considerable part of 
it into the work. 

The Introduction and Chapters II, IV, VI were written by 
Ye. S. Rubinshteyn and Chapters I, III, and V by L. G. Polo^ova. 
Paragraph 6 of Chapter II ("Criterion of reality of the distinction of 
a series of observations from the accidental") was written by 0. A. 

Drozdov. 



The analysis of data assigned to B. L. Dzerdzeyevskiy on the 
classification of circulatory processes was carried out by Engineer 
0. V, Reshetova. She performed all the calculations on an electronic 
computer. 

All the calculations and graphic works at different time were 
fulfilled by Zh. D. Allbegova, L. L. Gracheva, L. S. Demidova and 
I. P. Zernova. 

Much laborious work on the shaping of extensive graphic material 
placed in the book was carried out in the Cartography Branch of GGO 
under the leadership of the branch chief M. B. Galinoy and 
colleagues Z. P. Pereshivkina and V. V. Lasenicer, to whom the authors 
are grateful. 

The authors are grateful to 0. A. Drozdov and T. V. Pokrovska 
for their valuable advice and remarks given during familiarization 
with the manuscript of the work. 
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INTRODUCTION 

Since 40 years ago when there was revealed a warming of the 
winter extending over a vast distance, the problem of the change in 
climate has become one of the most important problems of climatology 
Thousand of works of scientists of various countries are devoted to 
this problem, since the solution of it is of great scientific and 
practical interest. However, factors leading to a change in climate 
are complicated and are manifold, they act jointly, being imposed on 
one another, and it is difficult to conisder quantltavely the role 
of each of them In the change in climate. But besides these 
fundamental difficulties, the investigation of the change in climate 
is complicated by the irrational distribution of the network of 
of weather stations, the heterogeneity of a series of observations 
with time, and sometimes the incomparability of them in space 
(in different countries), the quite insufficient quantity of 
meteorological observations above the water surface of oceans with 
very nonuniform distribution and distinction In duration of meteoro¬ 
logical series. These deficiencies are possessed also by series of 
aerological observations and radiation observations. All the above- 
indicated difficulties are, apparently, the cause of the fact that 
an overwhelming number of works devoted to the change in climate 
pertains to territories limited in dimension and only a few works, 
to the entire planet as a whole. Basically in these works there is 
investigated the variation of air temperature with time, and con¬ 
siderably less attention is paid to the variation in atmospheric 
precipitation. 

Of works on the contemporary level of knowledge and pertaining 
to the whole Earth we can name those works of Scherchang (1936), 
Rubinshteyn (1946) Lysgaard (1949)» Willett (1950)» Mitchell(1963), 
Callendar (196I), Polozova and Rubinshteyn (1963). Despite the fact 
that these works contain many new interesting conclusions, they 
cannot be considered sufficiently complete. Thus Callendar and 
Willet analyzed only average annual temperatures, Scherchang and 
Mitchell -- data for the winter (total) and the year; Lysgaard 
examined January, July and the year, Rubinshteyn — separately every 
month from November to March, and also May and September, Polozova 
and Rubinshteyn - January and the year and only partially April and 
November. 
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Furthermore, Sohereheng, r^eih^LS^feÍe?“ all°Ued 
the main attention to the ohange in P ^ realized that in latitudinal tone as a whole, although Mithcel^reallzeUi^ ^ 
various regions of the same 1atltudin^ *otal characteristics of 
temperature can be unequal. ^ .^en^en^„+-i v v.v the difficulty of the^change in climate is caused, apparently^bynßhwith respecï to their 
analysis of the quality of series o whole planet. The 
homogeneity and c°,|1Par®bill^r¡:"1n 5ecree' smooth out these defects, 
total characteristics to Vonïî L?íl cha^cteristics leads to a 
At the same time the use of only in the eastern and 
great loss in information. Thu , e ZOnes variation in tempera- 
western regions of the same latltudi of p0i0Z0Va and 
ture is dlstlngulshed. Thio^ls hovm vari0us months of the 
Är^r ^•Jïei efa?Seais unequal. Espies of similar 
variation in temperature are given In chapters III and VI. 

Monconsideration of these factors »1th th^use^only^total 

fthôîHÎffo? Sinï« «sTwhoîe can lead to faUe conclusions In 
the investigation of causes of the change in clima . 

in this work the authors set „^“^“Serf 

are* instrumental ^"^^Q^P^hhiwavelength^o^more6 than* 10 

MlelrafaS 

iHhÄ^ShÄ^e Äef£thi^ of view 

of their homogeneity and comparabliity^ov^in the caicuiation of the 
peïSaî mean^emperaturesof ^the^orthera^hemisphere. ch^ge ln 

climate1 requirements for homogeneity aSÍfofíSs6^ 
than for the construction of maP®°;.^0“!í Íhe homogeneity of series 
work conducted additional inves g d southern hemispheres, 
of observations ** oî iSss uniform series was made which 
coïîS boused Än!hf study of the change in the temperature 
regime. 
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CHAPTER 

BRIEF SURVEY OF RESULTS 01' THE INVESTIGATION 
OF VARIATIONS IN CLIMATE 

ai,Pftt0^?^eL0US ln^estigations of variations in climate, as was 
+ wofk® of a regional character predominate; 

investigations of variations in climate on a planetary scale are 

below?" and ra0re speciflc information about them will be mentioned 

^king in account the fact that results obtained by different 
in regional investigations are often contradictory and 

ifficult to associate, it is inexpedient to give, a traditional 
survey of the literature. References and critical remarks will be 

regions ol the Earth. Given here are basic results of oreceedine: 

by^Veriard1?^?? Y®r^atlons ln climate. They are briefly discussed 
in U* ^ n11 & survey report at a symposium on variations 

Wished ípílnS ln 1961 in Rorae and a^° in the recently 
nnïiîi?!? (Rüee, 1965) survey of literature (true, by far not 
climate? °n c°ntemporary state of knowledge of variations in 

_p ., In ord?r to give a general concept of possibilities of studv 
the problem of variations in climate, let us give results of the 

ture^oreciniVnbívariations in basic elements of climate: tempera¬ 
ture, precipitation, atmospheric pressure and wind, cloudiness and 

iSKSit"0'3-, let In greater detail Sn results If thf 
nveotigation of variations in mountain and marine ice formation* 

°r ™«-iatlona in cÏÏIte lhîT“i£ïiy 

lïtSflfaulHed?re <!oncernln« thl= «“8=tlon ineuffielent 

anthnï« stigations of variations of climate the majority of 
uthors are forced to be limited to the study of fluctuations in 

ÂïfU8 an? at 5est Precipitation. Thieve cSelSd 5th ?he 
absence of prolonged and reliable (in the sense of homogeneity and 
Conïideîin?tM=atÎ?n? 0f the maJority of the elements of climate? 
SÍniJ? iti.is necessary t0 examine below the mentioned 

invesílgatl?n ûf fluctuations of separate elements 
(besides air temperature, to which a separate chapter is devoted) as 

m 



M»t»MfiM«niK4WilWlWl«H •» WM« U'- ^ •-< 

very tentative. 

1. Fluctuations In the Magnitude of Different 
Meteorological Elements " 

Atmospheric precipitation. Precipation, especially that 
falling in the form or snow, is not determined completely reliably, 
the homogeneity of the series is often disturbed, the influence of the 
local conditions is great. As investigations showed, fluctuations 
in precipitation in space are more irregular than fluctuations in 
temperature. Therefore, the application to these series of observa¬ 
tions of static criteria for determining regularity of fluctuations, 
as this is done during analysis of a temperature series, is 
ineffective. This is necessary to consider in examining results of 
investigations of secular variation of precipitation, especially in 
the scale of hemispheres or planetary. 

On the map given by Wagner (19^0) of the change in precipitation 
from decades of 1886-1895 to 1911-1920 there is shown a decrease in 

'precipitation between 40° N.. Lat. and ?0 S. Lat. in considerable 
expanses inside the tropic zone where here and there regions are 
interspersed with an increase in precipitation; a planetary increase 
in the meriodional contrast of precipitation was observed: the 
dry horse latitudes became drier, the humid latitudes with a 
predominance of westerlies became more humid. This position was 
turned to the reverse starting from the decade of 1921-1950. 

In the tropic belt there was observed an increase in precipita¬ 
tion, in the middle latitudes of Eastern Asia and Northern Atlantic, 
a decrease in precipitation, in general spreading westward. In the 
middle of the period 1921-Í940 monsoon and convection precipitation 
in the tropics were intensified. 

This general picture is considerably complicated if one were 
to examine the geographic distribution of fluctuations In precipita¬ 

tion. 

In the works of Lysgarrd (1949, 1950) there are given tentative 
data on fluctuations in precipitation between on 30-year periods of 
I88I-191O and 1911-1940: in January the increase is noticeable in 
precipitation over Europe, Northern America, Indonesia and a decrease 
over Western Africa, Central and Eastern Asia. An even greater 
diversity in the distribution of fluctuations of precipitation is 
observed in July. Above the Arctic and northern part of the moderate 
zone an increase in the annual-amount of precipitation predominated. 
A decrease in precipitation on the whole for the year was observed 
over the United States of America, Africa and Australia. 

(1954) obtained interesting dependences: in the winter 
id there predominates the combination temperature drop — 

Mather 
over the lani. - r- Jl ...... 
decrease in precipitation or warming — increase in precipitation, 
whereas over the oceans in the northern hemisphere is observed more 
frequently during warming a decrease in precipitation and, with a 
temperature drop an increase. For July Krames (1952) found a reverse 
relationship in the low latitudes, where the secular variation 
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of temperature and precipitation has a negative correlation. 

In the interesting work of Drozdov (195-8) secular variation of 
precipitation is examined in the warm and cold periods of the year 
in the USSR territory and certain regions of the northern hemisphere 
in connection with a change in meridional temperature gradients as 
characteristics of secular variation of atmospheric circulation. 
According to the form of secular variation of temperature gradients 
of the cold period in the northern hemisphere it was possible to 
expose three basic types! 

Type I — an increase in meridional temperature gradients during 
a temperature drop and a decrease in them during warming in the 
Arctic; it covers a zone of moderate latitudes of Eurasia north of 

47°N. Lat. and westward from the Yenisey River; variation in amount 
of precipitation is changed in parallel to the variation in tempera¬ 
ture gradients. 

Type II - the course of the gradients is mirrored with respect 
to the preceding, i.e., an increase in gradients is observed during 
warming of the Arctic and a decrease with a temperature drop; this 
type predominates in the western part of Asia, Southern Europe and 
presumably in North America; variation in precipitation and move¬ 
ment of gradients of the temperature are parallel. 

Type III - maximum values of gradients are observed for 10-15 
years earlier than those in regions of type I; this covers the mon¬ 
soon regions of Eastern and Southern Asia (Transbaykal, Far East, 
Japan, China, India); coordination in the secular variation of 
precipitation and temperature gradients is not established. 

Such in broad terms is the picture of the fluctuation in 
precipitation in their secular variation. 

Atmospheric pressure. In investigations of fluctuations in 
pressure due to tne great dependence of its magnitude on the level 
of measurements, the installation of instruments, their corrections, 
etc, rarely are there used directly series of observations. Usually 
for characteristic of the change in pressure there are such 
relative values as its gradients or deviation from mean values. 

Brier (1947), using materials of weather world maps for 
I90O-I939, determined a noticeable decrease in air mass in the 
northern hemisphere from 1909 to 193^ where the lowered pressure 
in high latitudes corresponded to a weak opposite tendency in the 
equatorial regions. 

Many researchers determined the lowering of pressure in the high 
and partially tropic latitudes and the increase in it in the 
subtropics; for the most part this was observed in regions of great 
baric centers. This was determined by Wagner (1940) for changes 
in pressure from the decade of 1886-1895 to 1911-1920, Scherhag 
(1936) - for 1921-1950 and Lysgaard (1949, 1950) - for the 50-yeaf 
periods of I88I-I91O and 1911-1940. Later Scherhag (1950) found that 
from the decades 1921-1950 to 1931-1940 the pressure began to be 
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increased north of 40°N. Lat.and farther south of 20°S. Lat, in the 
zone located between these latitudes there occurred a reverse change, 
but in the equatorial regions it was weakly marked. 

In recent years Lamb (196I) published world maps of the 
distribution of pressure in January and July for each 10-year period 
from 1760 to I95O, and then together with A. Johnson (1961) - mean 
pressure maps for 1950-1959 and changes in pressure during 1940-1949. 
On these last maps in January the increase in pressure in the 10-year 
period of I95O-I959 is well-defined in the high latitudes of the 
northern hemisphere (with the exception of Scandinavia where there 
was a lowering of the pressure) and in the equatorial latitudes of 
both hemispheres; in the moderate latitudes of the southern hemis¬ 
phere pressure in the last decade as compared to the preceding dropped 
(excluding the region of New Zealand where the pressure was 
increased). In July at almost all latitudes an increase in pressure 
was observed. The maximum of pressure before the temperature drop 
came not everywhere at an identical time, but was displaced according 
to Schove (1950, 1961) similarly to warming to the south in the 
similarly to warming to the south in the middle latitudes of the 
northern hemisphere; at the Arctic circle the greatest JO-year mean 
pressure values were observed during 1866-1895* In Central Europe 
and British Isles - during I88I-19IO, in the Mediterranean region - 
during 190I-1930 and around the Azore Islands during 1906-1955. 
Whether the minimum of pressure was displaced in the 20th centruy 
to the south Schove does not indicate. 

Wind.- In Investigations data of direct observations on wind 
are rarely used due to the frequently encountered nonrepresentation 
of data, which is caused by the Influence of a great number of 
factors (incorrect installation of instruments by which observations, 
inaccuracy of readings, local peculiarities, reflected on degree of 
protection of the instrument etc. are conducted). 

Therefore, instead of direct characteristics of the wind, for 
the investigation of their variations over large territories we 
frequently use the difference in pressure with latitude or 
longitude. However, such an appraisal cannot serve as the full 
value replacement of direct measurements. It is known that even 
insignificant changes in the direction and speed of wind, effective 
directly in a certain time Interval-, affect the temperature of the 
underlying surface, evaporation, amount of precipitation. 

Results of a great number of investigations show that prolonged 
periods of anomalous weather in defined seasons are connected with 
the shift in paths of basic wind flows at the earth's surface and 
at elevations. Hence it is clear how it is important for the 
investigation of variations in climate the accumulation of high- 
quality (uniform in time and comparable in scale of the whole Earth) 
observations on wind. 

Cloudiness and solar radiance. Secular variation of cloudiness 
and duration of soxar'radlance is an important characteristic of 
variations in climate. However, observations of these elements for 
large territories are frequently not coordinated because of the 
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great influence of subjective errors of observers and distinctions 
in the method during observations of cloudiness and in instruments 
for observations of solar radiance. Therefore, investigations oi 
peculiarities of the variation in cloudiness and duration of soiar 
radiance of large regions are as yet Impossible; there are only 
separate regional investigations in which there is used a very 
limited number of stations, chiefly in Europe. As follows from 
works of Wagner (1940) and Steinhäuser (1957), the duration solar 
radiance on the European continent increased in period from lyi!? 
1940, After 1940, according to H. Gotschmann (1960)> in Germany 
there began a decrease in the annual number hours with solar 
radiance chiefly in the summer months, whereas the spring and autumn 
months became more solar; there are indications of the increase in 
duration of solar radiance in Jakarta from a minimum in 19O0 to a 
maximum during 1930-1932. (Rodewald, 1954). 

The increase in cloudiness over the western part of the Baltic 
Sea in summer months from the 30-year period of 1901-1930 to 1931 to 
i960 Hupfer (1962) attributes to the growth in unstable stratifica¬ 
tion of the atmosphere due to warming above the continents. 

According to data of the station at Tbilisi, a scantily clouded 
period in January was observed from the end of the last century to 
the 10-year period of 1909-I918; an increase in cloudiness was 
noted from the decade of 1917-1926 to 1939-19^8, and in the last 

10-year period cloudiness decreased. 

Xt is understandable that on the basis of similar information 
it is impossible to give a concept of variations in cloudiness and 
solar radiance at least in the hemisphere scale. 

Temperature of water. It is known that the World ocean is one of 
main climate forming factors. The heat of oceans represents an 
important component in the mechanism of climatic variations, since 
the ocean and atmosphere interact by means of heat exchange. 
Variations in temperature of water in the North Atlantic for the 
period from I876 to 1952 is the subject of the published work of 
Smeed (1952), where he Indicates the secular increase (0,5 ; in 
water temperature for the northwest shores of Europe, 

Lamb and Johnson (1959using all available data in the British 
Admiralty on water temperature in the Atlantic since 1780, came 
to conclusion concerning that in the beginning of the 19th century the 
North Atlantic warm current was farther south than it is now, and was 
deflected westward from the shores of Europe so that the ocean region 
more north and east of Bermuda was then considerably warmer. The 
Labrador current was wider at American shores and colder. North of 

500N. Lat.the water temperature was lower than it is now. The 
region of reduced temperatures was also between the equator and 20o 
N. Lat due to deflection of North-equatorial current to the south, for 
which into the Gulf of Mexico less warm waters proceeded. 

In Chapter III results are given of investigations of Brown 
(1955, 1963) on variations in air temperature over the Atlantic. 
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He determined the parallelism in variations in temperature of the 
air and witer.Let us give briefly his conclusions with respect to 
variations In temperature of water surface of the ocean. In the 

zone of 70o-60° N. Lat. there is well-defined the tendency of the 
increase in annual temperature from the begirmingofthe centuryto 
the decade of 1930-1959 in the eastern part of ^ne^andto 19JO to 
1949 in the western partj less clearly marked are tendencies in th 

zone of 60o-30° N. Lat. In the zone 30o-0° N. Lat. there was 
observed cooling from the last century up to 1910-1919, 
warming to end of the period examined by Brown (1949). In the zone 

0°-30o S. Lat there predominated a tendency of a solid lnc£®a®® in 
the water temperature to 1930-1939, and in certain places to the 

end of the period. 

Lamb and Johnson (1959) assume that north ^0° N. Lat from 
the beainning of the 19th Century continuous warming of the suri ace 
o? thegoSSnßoccurred. in the region ^weeniceland and Norway 
there was observed the greatest increase (3-4 C) in temperature during 
the period 1890-1940. Rodewald (1958) considers J£at the water 
temperature in the Northern Atlantic during the 20th Century has 
increased 05°. In the middle latitudes of the Atlantic, as Brown 
noted, the picture is more complicated. After a minimum during 1900 
to 1929 positive anomalies began to be observed from 1932-1929 

farther south of Island in zone 55°-60o N. Lat. and less 

considerable - in the zone 50o-55° N. Lat. In the zone farther 
south of Newfoundland Brown (1963) revealed a warming^from 1912 to 

1921 to 1950-1954, and then a temperature drop of 2.5°C up to 1959* 
Near the Azore Islands a slight warming was observed. In the 

north European waters the warminc was 0.5° between the 40-year 
periods of 1881-1920 and 1921-1960. In his last work Rodwald (1963), 
summing up former investigations, noted the record warming of waters 
duringthe first half of the 20th Century for the eastern seacoast 
of Canada and eastward (up to 1000 miles) from this region. However, 
£ ÍÍTS.Í deSde “95Í-196O) considerable temperature drop la 
observed here, whereas in the northeast warming is noted. 

The interaction of the atmosphere and ocean depends on a 
great number of factors whose degree of influence ^difficult to 
estimate from their variability both in space and with time. But 
in the process of variations In climate thermal Inertia of oceans 
should play an important role, and investigations of interaction of 
these two media and reflections of this interaction in perennial 
fluctuations of characteristics of the composition of atmosphere 
and ocean are still in the initial stage. 

As Blerknes (1963) notes, the solution of the problem of the 
influence of fluctuations of atmospheric circulation with time and 
£ sp«e reSnt changed In the temperature of the surface of 
waters is complicated by a reverse influence of the ocean on the 
atmosphere The atmosphere in turn in its disturbances includes 
influence of at least the whole hemisphere. In this whole complicated 
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interaction there is included, in the opinion of Bjerknes, the basic 
cause of variations in climate. 

The role of ocean in this case is difficult to overestimate, 
however, many investigations as showed, and all of this interlacing 
of terrestrial interferences to a considerable degree is complicated 
by the influence of external influences. 

2. Fluctuations of Mountain Ice Formation 

It is known that in the contemporary epoch glaciers cover 
about 11$ of land. Their mass, according to Shumskiy and Krenke 
(1964), exceeds almost 32 times the mass of surface waters of land. 
The power and area of mountain ice formation depend on many factors 
of climate: on advection of heat and cold, amount of arriving and 
departing radiation, atmospheric humidity, annual distribution of 
precipitation, duration of seasons melting and accumulation of 
snow. Therefore, glaciers are good indicators of variations of 
climate. .But, Ahlmann (1953) as indicates, it is possible to use 
information about the state oí' glaciers only for confirmation of 
variations in climate in broad terms, since the interconnection 
between on glaciers and climate are very complicated and still by 
far are not clarified. 

In the last decade much attention v/as payed to the investigation 
of glaciers in connection with the problem of variations of climate. 
A great number of works about dynamics of glaciers in separate 
regions have been published, but there are very few generalizing 
investigations giving a presentation about fluctuations of 
boundaries of glaciers on Barth. 

Flint (1931), summarizing results of the measurement of 
glaciers during the last 100 years according to different authors, 
drew two main conclusions: 

1) between the area and power of glaciers and variations in 
climate, in particular air temperature, there exists a definite 
dependence: prolonged increase in average annual temperature is 
accompanied by the retreating of glaciers; 

2) fluctuations of glaciers all over the Earth have common 
directivity. 

The contemporary reduction of ice formation is ascertained by 
Al'man (1953)> who based this on data of a number of authors 
indicating the retreating of the majority of glaciers in the 
northern and southern hemispheres in the first half of the 20th 
Century. 

Published in recent years is the through investigation of 
Shnitnikov (196I) on the intrasecular variability of mountain ice 
formation of the northern hemisphere. The author gives a detailed 
analysis of the majority of published information about the 
dynamics of glaciers during the 19th and 20th Centuries. Proceeding 
from results of this analysis and his previous investigations 
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(1957» 1951)» he determined the presence of rhythmic fluctuations in 
movements of mountain glaciers - centuries-old (about I850 years) 
and intrasecular (chiefly 30-55 years). 

In fluctuations of glaciers in the 20th Century he established 
the well-defined phase of advancing in the 1920's of all glaciers of 
the northern hemisphere and, suppositionally, the southern. The next 
phase of omnipresent recession of glaciers began to be developed 
from the second half of the 1930's and the greatest was expressed 
in the second half of the 1940's and first half of the 1950's. 
In certain regions after the 1930's there was noted a stopping of the 
recessjrn 0f glaciers or even insignificant advancing. The phase of 
omnipreaent advancing of glaciers started at the end of the 1940's - 
beginning of 1950's but it is weakly marked. Shnitnikov explains 
this by the fact that the intrasecular phase of advancing (8-12 
years) occurs against the background of the centuries-old phase 
of general recession of glaciers of the Earth, which started about 
I750-I8OO and will continue, in the opinion of Shnitnikov for 14-15 
centuries. For the same reason he considers, taking into account the 
intrasecular cyclic recurrence of ice formation that the forthcoming 
phase of recession of glaciers in the 60's and 70's will be even 
better expressed than the phase of the 30's and 40's of the current 
century. 

A V. Shnitnikov connects fluctuations of glaciers with the 
variability of total moisture of large territories, determined by 
fluctuations In the level of lakes, and fluctuations In moisture with 
Fluctuations in solar activity. At the same time he absolutely 
does not touch upon the dependence of fluctuations of glaciers from 
large-scale fluctuations in air temperature, to which the majority 
of researchers point. 

If one were to consider the fact that with an increase in air 
temperature glaciers recede, then the assumption of Shnitnikov 
about the future centuries-old recession of glaciers should be 
connected with the prolonged increase in planetary temperature, but 
the intense retreating of glaciers expected by them in the next two 
decades (which should be connected with the total increase in air 
temperature) will not agree with the opinion of the majority of 
researchers about the forthcoming temperature drop in connection witn 
expected lowering of solar activity in the secular variation and 
changes in the character of atmospheric circulation. 

In their articale about contemporary ice formation of the Earth 
and Its changes Shumskiy and Krenke (1964), confirming the dominating 
influence of general warming on the retreating of glaciers note the 
complexity of this association. Thus, with the synchronism of 
secular variations in individual years and decades there is observed 
an asynchronism and counterphasability of short-period changes In the 
mass of glaciers, which is connected with a different character of 
intrasecular variations in climate in different regions. This 
explains the frequent contradictory information about phases of 
recessing and advancing individual glaciers. Connecting the 
reduction of glaciers with planetary warming in the -first half of 
the 20th Century, the authors note that an increase in temperature in 
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the influence of simultaneous increase in the 

th« sir-ce not only the ra^e increases but also 
ed S tlne 0f the ice, and Lhe feedine Of glaciers 

anddiÎtïnqi?^î?ntherinCrepAe ln the amount of liquid precipitation 
fTrpnÍoí fifi?°f, runoff • In the opinion of Shumskiy and 

the increase in the last decade of a number of advancing 

nf rAri^lndlC^te?' Posslbly> the approach of the end of the stage 
of reduction of glaciers and the beginning of their new advancing. 

In geographic literature there is very lively discussion of thp 
question about tendencies of the change in the glaciers of 
Antarctica. Interest in this is understandable if one considers 
that area of the glaciers of Antarctica covers about 86$ of the total 

Saolers °f the A majority of reseaïchora, 
n spite of the scantiness of factual material, are inclined were 

thf bhe glaciers of Antarctica retreated synchroïoïlly 
conqldprAh?ISaln the norbhern hemisphere. Such a conclusion to a Y 
considerabie degree was based on information appearing in foreign 
literature about general-planetary warming. foreign 

corre?tnIIsr¿fVa?f1rmp+?tly Jha?taarov and Markov (1964) doubted the 
coriectness of affirmation about the general retreatinc of placiers 
of Antarctica in the period of warming of the 20th Century.^ The 

rivnnmi1pf0rf't+iS WaS’ the one hand, 'Contradictory data about 
Antarptfppf the4-^dêe*.uf t!?e elaclal cover in different sectors of 
Antarctica, on the other hand — data of climatologists abnut t-hp 
various-directed change in temperature in different regions of the 
Earth, and also the fact that on the islands nearest to Antartica 
(Orkney and South Georgia) during the 20th Century there was not 
observed a tendency of warming, and in Australia and islands Ivlnz 

the south of it there was noted even a temperature drop. All 

f?CtS4.Pefiní:íted authors to arrive at the very reasonable 
conclusion that the warming of the climate of Antarctica, if there was 

nonunlformly in different sectors, but this 
ún?ÍÍÍÍ?ned diversity in the development of the glaciers of 
Antarctica. In agreement with this basically are also Shumskiy and 
Krenke (1964), although they give much weight to data on the general- 

?Í??nítrnf'WArÍ1Ínei^0rifí:derinÊ the tBmperature drop in certain 
Antarctica, .the expression of local peculiarities of 

circulation against the background of general secular warming. 

It is impossible to solve this problem at present because of the 
absence of sufficient number of data in the polar latitudes of the 
southern hemisphere. However, as will be shown in Chapter III. the 

0n4.sen?íal:pl?netary warming is not indisputable, and much 
data indicates the fact that it did not spread over all the regions 

Tne question of marine ice formation (ice cover of seas) in 
connection with variations of climate is discussed in the huge 
quantity of investigations for which it was considered expedient to 
discuss the basic results of investigations of fluctuations in ice 
cover of polar seas in a special section. 
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5# Fluctuations of Icq Cover of Pola-r Sea^ 

3.1. State of the ^Question 

Vnr a lone: time the opinion was declared (Hildebrand- 
Hlldebrandssonf W4, WiesI, 1922. 1925) about the fact that a good 
1ndioator of the Intensity of the general circulation of the 
atmosphere is the state of the ice in polar seas. Atmospheric 
conditions above ice fields due to great radiation from their 
surface covered by snow are a sensitive reagent for changes of 
inSnsity in atmospheric circulation. The Increase In atmospheric 
oressure above polar regions conditions and the Increase in t e 
mmn?itv of ice cover in turn promotes an increase in pressure. 
Thus^barlc conditions above polar regions and the ice state in polar 

seas acquire a stable character. 

Observations of the state of ice, for example, in the region 
of Iceland began several centuries ago. In literature Thoroddseen 
?1884), and Koch (1945) there are combined data on the ice state 
of the region of the ocean adjacent to Iceland since j +■ o 
860 AD. It is obvious that accuracy and reliability of these data 
are small, but extreme values of ice state, apparently, we 
determined reliably enough, since these ^a ^re needs 
economy of Iceland, which was closely connected with the state ol 

surrounding regions of the ocean. 

■Rv even earlier observations of the state of ice for Iceland it 
was established that fluctuations exist in Jhe ^^^rin/one^ 
duration of their stay at the shores of Iceland both during on 

year and from year to year. 

Scientific systematization of observations on the state of 
Ices was started in the last quarter of the last centruy. The 
first generalizing investigation of the ice cover of polar seas 
belong! ?o”iavaie (1875). He conducted a enronologleeurvey of 

of ice of Arctic seas and established that the cause oi 
£?uo^tions of loe cover of seas are fluctuations of "atjospherlc 

£ïïîoS SI iSÄ^cIÄ6 M SïïSÊaïïoI loSflmeU 

questions. 

in the beginning of the 20th Century there appeared a series of 
urnrtre ïn which tteinterconnection was investigated between cover of 

As basic conclusions from these works it is possible to cite the 
empirically established connections of the state of ice with 
preceding distribution of atmospheric pressure. 

In the Greenland Sea fluctuations In ice co^e^.are. d®t®™^ned 
by changes in magnitude of the pressure spring 
Greenland eastward. Considerable pressure gradients in the spring 
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condition the great ice content, weak gradients — the small ice 
cover in the summer of the current year. During the years with 
great ice cover in the eastern part of Greenland sea there is 
observed a small ice cover in the region of Newfoundland, and 
conversely. This is connected with peculiarities of the distribution 
of pressure in these regions and corresponding changes in the 
oceanic circulation: the deepeningof the Icelandic minimum 
corresponds to the intensification of the Gulf Stream (near shores 
of Europe) and Labrador Current] due to this at the eastern and 
northern shores of Iceland the quantity of ice decreases, and near 
Newfoundland it increases. Fluctuations in pressure in all parts' 
of the North Atlantic have an identical character, where pressure 
anomalies determined from fall hold during the whole year. Hence 
there is a prognostic conclusion: according to the character of 
deviation in atmospheric pressure set in autumn it is possible to 
predict the intensification or weakening of ice cover at shores of 
Iceland and Newfoundland. 

Many of these conclusions, although they are based on scanty 
material of observations, were found to be correct and were developed 
in further investigations. 

The above-mentioned works, essentially, were the first contribu¬ 
tion in the study of the interconnection between atmospheric 
circulation and ice content of polar seas and the North Atlantic. 

Fluctuations of ice cover of the Barents and Kara Seas were 
investigated by Lesgaft (1913). In this work Lesgaft examined in 
detail the conditions of formation and extension of ice in the 
Barents and Kara Seas in connection with circulation of the 
atmosphere and waters of the North Atlantic. 

In the Barents Sea, according to Lesgaft, the influence of the 
Gulf Stream on ice cover in two ways: direct — by means of intensi¬ 
fication of melting of ice, and by means of circulation of the 
atmosphere appearing in the region of low pressure above the sea 
and connected with heat of the Gulf Stream. The higher the 
temperature of the Gulf Stream in winter, the sharper Is expressed 
the minimum above the Barents Sea, and the greater the force of 
southwest winds in the southern part of the sea and of the eastern 
winds — in the northern part, promoting extension of ice into the 
Atlantic. The state of ice in the Kara Sea depends on the middle 
and southern parts of it on the relative force of northeast winds 
connected with the system of circulation of the atmosphere above the 
mainland. In northern part of the sea the position of the border 
of Ice is closely connected with the position of them in the Barents 
Sea, in connection with the fact that in the north both seas are 
connected between them a constant exchange of water occurs. Thus, 
concludes Lesgaft, the state of ice in the Kara Sea is a function of 
the oceanic and continental influences. 

The question of the influence of the warm Atlantic water on 
ice conditions of the Barents Sea, discussed by Lesgaft half à 
century ago on the basis of very scanty and fragmentary information, 
is thus far still not solved simply. Even in the presence of 
already comparatively great quantity of data on the ice cover of the 



Barents Sea and circulation of the atmosphere there are two 
opinions on this question. One group of researchers (Drogaytsev, 
Gevorkyants, 1945 and others) considers that interannual variations 
in the heat content of the Atlantic waters in the Barents Sea 
are determined mainly by local conditions of heating and cooling of 
the water masses. Another group (Somov, Zubov, Karakash, 1957» and 
others) is of the opinion that variations in heat content of 
Atlantic waters in the Barents Sea depend on the variability of 
thermal power of the North Cape current and fluctuations in intensity 
of autumn-winter cooling of the water masses. 

In recent years Uralov (196I) undertook a new attempt to clarify 
in what measure the variability (with time) of the power of the 
current of Atlantic waters affects the variability of the thermal 
state of waters and ice cover of the Barents Sea. He determined 
that fluctuations in power of the Atlantic current in the Barents 
Sea depend mainly on the variability of atmospheric circulation in 
the region of the Norwegian Sea and that fluctuations in ice cover 
in the Barents Sea to a considerable degree are explained by the 
influence of the warm Atlantic waters. Thus in his conclusions 
Uralov confirmed the validity of the point of view of the second 
group of researchers. 

The fact that fluctuations in ice cover of the Barents Sea are 
a phenomenon of not a local character is confirmed in the work of 
Polozova (1965), where there is shown good coordination between 
fluctuations of ice cover in the Barents Sea and air temperature on 
the southern extremity of Greenland (Ivigtut). Subsequently there 
was found also sufficient coordination of tendencies in fluctuations 
of atmospheric circulation and ice cover of the Barents Sea. One 
can see this from Fig. 1, on which there are given moving 10 year 
average values of the annual recurrence of the zonal western circula¬ 
tion (after Dzerdzeyevskiy) in the Atlantic sector of northern 
hemisphere and total (for the season) ice content of the Barents and 
Baltic Seas, and also the duration of the stay of ice for Iceland. 
From the end of the last centruy the increase in the number of days 
with the meridional northern and disturbance of zonality) conditioned 
the exceptional warming of the Arctic. Comparing the variation of 
components of circulation (Fig. 1) with those given in Chapter III 
by graphs of the annual variation in temperature in the Atlantic 
sector (for example, Upernavik, Stikkisholmur, Fig. 7a), it is 
possible to see their sufficient coordination. A break in the 
course of warming and subsequent temperature drop coincides in time 
with the rapid decrease in 40-year period of the recurrence of zonal 
western and increase in meridonal northern circulation. 

In the variation of ice cover seas in the Atlantic sector 
the tendency to lowering from the 1920's of the current century is 
also well-defined. However, the sharp break occurring in the 1940's 
in the course of circulation and temperature, in the common 
movement of ice cover of the Barents and Baltic Seas is weakly 
expressed, and in subsequent years the ice cover continued to 
decrease (to the middle 1950's). The least ice cover in these seas 
was observed in 195^ and 1955 (average for the season of April to 
August), after which there began a gradual increase. The quantity 
of ice appearing at the shores of Iceland and duration of its stay 
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+&fr? aiso decreased from the beginning of 
°en^uryj it attained a minimum in the 

1940 s, but then the ice content began to 
/^oí'^36’ staining in individual years 
(I949 and 1955) values which were observed 
only in the beginning of the century, l.e., 
prior to the period of warming. 

For the Greenland Sea there is, unfor¬ 
tunately, incomplete series of observations 
prior to 1955j which were interrupted during 
íov/ff’;1’3 Pf the wari but a tendency common 
with the above-described, apparently, was 
observed here also. ,y 

Thus as a result of the performed 
comparisons it is possible to say that the 
state of ice content in the polar seas in 
broad terms reflects great changes in the 
a mospheric circulation, but cannot serve 
its sensitive indicator. The inertness of 
the ice cover is so great that it reacts to 
sharp changes in the character of the 
circulatory processes after one or two decades. 
This soon indicates that fluctuations in ice 
cover are the result of fluctuations in 

Fig. 1, Moving 10- 
year average values, 
a) number of days 
with zonal western 
circulation (after aJ.-c one result or fluctuations in 
B. L. Dzerdzeyevskiy) atm°spheric circulation but not the cause, 
b and c) ice cover 

The same conclusion was obtained by Lamb 
and Johnson (I959) in studying the inter- 

£e^een lce c°ver for Iceland and 
intensity of the western transfer. 

b and c) ice cover 
of the Barents and 
Baltic Seas (in per¬ 
cent of total area 
of the sea), d) 
duration of stay of 
ices at shores of 
Iceland (number of 
weeks). 

Fluctuations in ice cover in the Barents 
Sea are determined to a considerable degree, 
as the Urals showed by fluctuations in the 

warm Atlantic waters. At the same 
time the fact of the secular Increase in 

circulation ewithPfM tt?d+-ÍnterfCtlon of atraosPkeric and oceanic 

:îîiâ^ 
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3.2. Cyclic Recurrence in Fluctuations 
In Ice Cover 

Establishment of the fact of the existence of fluctuations in 
Ice cover, naturally, led to the search of their causes and attempts 
to determine the period of these fluctuations. 

According to investigations of Meynardus, in the region of 
Iceland the ice season lasts from January to July. Maximum ice 
cover is observed during April-May, the minimum — in October. 
Fluctuations in the quantity of ice during one year and duration of 
the ice season are explained by two causes; 1) general temperature 
background set in a polar sea in autumn and winter, and 2) 
distribution of atmospheric pressure and, connected with it, the 
intensification or weakening of the polar (East Greenland) current. 
The recent appearance of ice for Iceland is explained by the 
considerable remoteness of the island from regions of ice formation, 
with which the shift of the largest ice cover in the spring months 
is connected. No less important role here is the speed of the 
current, attaining a maximum in April. 

Analysis of data on ice cover for Iceland, collected for more 
than 100 years permitted Meynardus to establish that on the average 
of every 4-5 years the quantity of ice and duration of the ice 
season attain a maximum. 

A comparison of this period with an 11-year cycle of fluctuations 
In solar activity, performed by Meynardus, showed that great ice 
cover is observed approximately one year prior to the approach of the 
sunspot maximum and simultaneously with the sunspot minimum It is 
clarified aiso that the great ice content for Iceland coincides with 
periods of low temperatures in Greenland and intensive circulation 
of the atmosphere in the North Atlantic, and little ice cover - with 
periods of increased temperature in Greenland and weakened circulation 
in the Northern Atlantic. 

Further investigation definitlzed the period of fluctuations 

/fnoS? C?ufr in ?repniand Seaî according to Brooks and Glasspoole 
(I922), this period is 4.8 years. 

A period similar to this is revealed for the ice content of 
the Chukchi Sea where local inhabitants long ago noticed that every 
4-5 years the seacoast is deposited with ice. From data of 
observations from 1906 to 1924 Wiese (1926) obtained the average 
period of fluctuations in ice cover in the Chukchi Sea equal to 4.6 
years. Reality of the period of fluctuations of about 4.5 years 
was set by Weise by indirect means and in an earlier work (1922) 
where he used the original procedure. 

On the basis of data of Meynardus on 4.5-year periodicity of 
fluctuations in ice cover the assumption was made that the interval 
of time necessary for the drift of ice from hearths of its formation 
(at the Siberian Seacoast) to the Greenland Sea is 4.5 years. As 
a result there was determined the rather close connection (correlation 
coefficient r = -O.83) between the autumn air temperature in the 
region of ice formation and the magnitude of intensity (speed) of 
extension of ice by the East-Greenland current after 4.5 years. 

-18- 



’ilÜiNIfl ifl:Ü5l?l! 

PolaÆsï^ïïrconfiÎmel^v thf d;iration of ^e drift in the 
Union there were develSned woîk^nn ^80^11°03 when in the Soviet 
about »hlch wm bdrs„°?io„:rs Arotic- 

Siberim^anrohSchí^eirfo^thrperioí of 1924¾¾ LSPíev’ East- 

of 2-3 years For aí exnl^in eac^ 8ub3equent (mentioned) sea 
the following hypothSsiíPl Rpíp??í-?f thl^ Phenomenon Wiese advanced 
ioe covst art S ïetuÎ^oÆ4“^ =¾¾ °f nucutationa In 
circumpolar baric whvp Tr, 4.^ 1 7 y of the Arctic 
Polar basin pass baric’waves with^n^S^ lncrea?ed Pressure in the 
period of astronomical tidal-eb^waves^rth/nnp*0 analoe°us to the 
of the shift of baric wave is ccnntZ^iocaan* The direction 
As a result shifts in thi«? ,,fi,,û0Unte^Cí0Ckwise, from west to east, 
displaced four main spSs of thP nni nS^fled and there are 
Eastern-Siberian and Canadian ThSs th^fulT “ ?raeri¿and^ Taymyr, 
polar wave (18 years) leads ^ a fourfold repetuíoí S íí" CÍrCUm- 
intensive spur of thp nniQy> =v,+7w. -T 7 repetition of the 
to the periodicity of ?ecurreníe of hprin"1 ev8fy reglon, which leads 
of every 4-6 vear^ iinf ? ^of baric oonditions on the average 
years dLs Lt £v¿ pï^ostS^rîÎ the period <>f “T 
years), but confirms well the existence of(ÍÍBVbri?S fí'°” 3 t0 6 
»ave with a period of about 18 years^ítendSg 

ÄVÄ“e~^ 

observationstofnthe llT^f'i™ d^a^0'^318 
which the author arrived at the as a res^lt of 
Nazarov is more orobabîe.^This SeïeÎ0nriîïat hyP°thesis of 
unfoundedness of'the hypothesis' Sh^h’ d nüt prove the 
fluctuationsinice covS ÍÍth devele o?S4STf °ne ?f íhe causes of 
of the circumpolar baric wave of t-Mai ^ear? to be Presence 
with an average period of about‘lf)lyearsÜ ter ^ the atmosPhere 

(ISeojfwhfdonsïSeïfone3»?8?^ Í" fe ^^bisations' Maksimov 

aboufïÂ! ata0SphBrt= »^0arScme3lSf ÎKc^ïi“1“”3 

=ontaSsTÎa?S!bt^ghïPn°dtht-1?e^“|!ai undoubtedly. 
The circumpolar atmospheric tide if it fK* 14 is qulte imPosaible 
be connected with one of the self-oLniS?^W ^“bbance, should 
atmosphere and the investieatinn nfS+^latK0n s;ystems in the 
interest for the stírÕ^ÂlSLTcÂr“1 iS °f great 

theÄS:3cÄ^Äf-taSspSric(clrc„laUo„5|ver 
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permitted revealing the peculiarity of evolution of circumpolar 
whirling formed in the powerful alyer from the middle troposphere to 
the middle stratosphere. Fluctuations in intensity of surface 
formations (Icelandic and Aleutian minimum, Siberian maximum, etc, 
are determined by properties of high-altitude circumpolar whirling 
the more detailed study of which can shed light on causes of ice 
cover variations. In this connection, in our opinion, Wiese s idea 
on the circumpolar baric wave can obtain futhere development and 

foundation. 

The question of ice cover variations of polar seas attracted 
the attention of many researchers. In an article on the development 
of the Northern Sea Route, Itin (1930), on the basis of data , 
collected by him about conditions of the sailing of vessels gives 
data of the state of ice in the Kara and Chukchi Seas. In spite of 
the incompleteness of the data and not quite reliable estimate of 
ice cover of separate years, Itin managed to show that ice cover 
variations in these seas have on the average of 4-5-year cyclic 
recurrence, and they occur synchronously but in opposite phases. 

The last conclusion confirms law of ice opposition of Wiese 
that little ice cover of the Kara Sea corresponds to great ice 
cover of the Chukchi Sea, and conversely. As will be shown below, 
these relationships are not always realized. 

Simultaneously with that of Itin an article was published on the 
periodicity in ice conditions by Brooks (1936). Given in this 
article are considerations on the approach of favorable ice conditions 
in the Northern Sea Route every third year. These short-term 
fluctuations whose cause, in the opion of Brooks, are oscillatory 
movements of the solid ice pack, occur against the background of 
more prolonged cold and warm periods (of the order of 30 years each). 

That circumstance that Itin and Brooks revealed periods of 
ice cover fluctuations of different duration for Arctic seas fully 
agrees with conclusions Shokal'skiy (1939) made from results of works 
of different expeditions in the Arctic Ocean. In particular, he 
noted that the totality of obtained data Indicates the existence 
in the Atlantic current of periodic fluctuations of both temperature 
and the mass of water. Besides great fluctuations (warming from the 
1920's) there exist fluctuations with periods of 3-5 years of 
various amplitude and with a different beginning of phases, which 
darkens and complicates the essence of the phenomenon. 

A large article of the survey type, devoted to the relation 
between polar ice and weather, was published by Schell (^-939) • 
Using results of works of a number of authors engaged in study of 
the question (Wiese, Brooks, Helland-Hanson, Meynardus and others), 
Schell gives a detailed survey of works on the relation between 
ice cover of seas and weather of adjacent regions, world weather, 

1This name is unverified [Trans. Ed. note]. 
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and also values of individual meteorological elements. It should 
be noted that the greater part of the article of Schell is devoted 
to an account of the content of Wiese's works concerning the given 
question. 

Schell maintains the opinion of the advantage of the use of ice 
cover as an index of total circulation of the atmosphere in 
connection with the relative inertness of changes of ice cover and the 
action stabilizing it on the circulation of the atmosphere. 

19^0's Wiese published the great work conveying 
the result of his numerous investigationsin which a separate 
chapter is devoted to ice cover fluctuations of Arctic Seas. Using 
more complete data of observations on the ice cover of Arctic Seas 
Wiese managed to give new explanations of the connection of atmospheric 
2<rclîlation, wlth iGe cover and subjected to reconsideration some of 
his former hypothesis. 

Proceeding from the fact that warming of the Arctic is 
v1^ amplification of the atmospheric circulation above 

,M?v,Pol?r 5f,sin,^Wf?se i^satedthis connection In the following way. 
With animation of the to-tal circulation of the atmosphere the speed 
and recurrence of the winds with an eastern component in the polar 
regions should be increased with an intensification of the nolar 
maximum or deepening of the Icelandic minimum. Accordingly there 
should be intensified the drift of ice from the Polar basin in the 

nfrnpronn-t°i "he Gfeenla£d Sea» but in the Central Arctic the quantity 
°5 P?^e”nial Pack iceJ which will be replaced by young thin ice. 
should decrease. The result of this will be an increase in heat 
exchange between the ocean and the atmosphere (the increase in 
flow of warm Atlantic waters also plays a definite role here), an 
increase in air temperature in the Polar basin, and consequently, 
a decrease in power of the Polar anticyclone. 

Thus the influence of fluctuations of intensity of total 
0n^0f the s-broospbere on temperature and ice conditions of 

d?al c?araGter: the one hand, an accentuation 
of the polar anticyclone is observed, and on the other hand, with 
prolonged influence its weakening occurs. 

_ With theff considerations as a base, Wiese examined his hypothesis 
n the connection of solar activity with ice cover (during sunspot 

maximum there is little ice cover, and conversely) expressed by him 
in one of his early works (1925). «seu uy mm 

,, Considering the dual character of the influence of fluctuations 
f the total circulation of the atmosphere on ice content, Wiese 

formulated the so-called law of accentuation of the baric field, 
according to which the increase in solar activity intensifys the 
existing type of circulation but does not determine it,1 

Subsequently the second part of the law was definitized* in 
works of Witels, Girs, Eygenson, Kats, Tyabin and other researchers 
it was shown that with a change of activity of the Sun the form of 
circulation changes. 
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Wiese also examined the explanation of ice opposition of the Kara 
and Chukchi Seas, which is not the result of the shift in the Arctic 
wind belt, as was assumed earlier, but is connected with fluctuations 
in intensity of the total circulation of the atmosphere. 

Let us add several words concerning the question on the opposi¬ 
tion of distribution of ice in seas of the Northern Atlantic and in 
the north of the Pacific Ocean. Judging by mean maps of ice 
distribution, published by the Danish Meteorological Institute for 
the period of 1900 to 1952, such a tendency exists in general, but 

is carried out not in all years. 

Table 1 

ftiari Vfestern Motor 
of th* Apctln 

Eastern sector 
of the Arctic 

\W 
luitf 
UI7 
IWS 
IWI 
lull 
IUI7 
1WJ 
lUtt 
IU7J 
uia 

Given in Table 1 data (taken from 
different sources) for the most extreme 
years in ice cover in the current century 
for the western and eastern sectors of 
the Arctic. The "+" sign denotes great 
ice cover and the sign little content 

As can be seen from these data, of 
11 examined years in four of them ice 
opposition was absent, and therefore it 
is doubtful whether raising to a 
"law" of cases of ice opposition between 
the North Atlantic and the Pacific Oceans 
can be justified. 

In works of Nazarov (19^7* 19^8* 19^9) much material is 
collected on the ice content, of certain regions.of the North Atlantic 
(Newfoundland, Iceland, Davis Strait), Baltic Sea, and seas of the 
Northern Sea Route. Analysis of these data permitted Nazarov to 
arrive at the following conclusions: in the region of Newfoundland 
are distinguished periods of ice cover fluctuations with a duration 
of 24-25 years, for Iceland, 90-l°0 years, in region Kronshtadt, 
23-24 year, in Davis strait the defined periodicity was not revealed. 
Points of observations, which are subjected to direct influence of 
Atlantic waters, reveal more a regular course of fluctuations 
corresponding to fluctuations of the power of the Gulf Stream with 

a period of 24-25 years. 

The connection is insignificant between Ice cover fluctuations 
of seas of the Northern Sea Route and Northern Atlantic. 

Seas of the Northern Sea Route, with respect to stability of 
ice cover are divided into four zones: Navaya Zemlya zone and zone 
of Novosibirsk Islands -- unstable ice cover; Severnaya Zemlya and 
zone of Wrangle Island — stable ice cover. Fluctuations in ice 
cover in the Kara Sea with a period of 9-10 years are observed also 
in the Chukchi Sea but in opposite phase. 

The ice cover of the Polar basin can be divided by age into 
these zones: northern Alaska and Chukchi Sea, 1-2 years, further 
to the north, 2-4 years, at the pole, 4-5 years, at the Papanin 
Strait, about 5 years. Renovation of the ice occurs on the average 
during 5 years. The drift rate of the ice depends on the intensity 

of the passing baric systems. 
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The ice cover anomaly appearing in Chukchi Sea appears in the 
Laptev Sea every 1-2 years, in the Kara Sea every 2-3 years, and in the 
Greenland Sea every 5 years. This causes ice cover variations in the 
region of Iceland with a period of about 5 years. In the ¡conception 
of ice cover anomaly in the east the water coming from the Pacific 
Ocean through the Bering Straight should play a considerable role. 

Fluctuations with a period of 4-5 years are observed only for 
Iceland and in the Chukchi Sea; in the Laptev Sea the period of 
fluctuations is 3-4 years, in Kara Sea - 3 years. 

Fluctuations in ice cover are caused by the cyclic recurrence 
of water exchange in the oceans and processes in the atmosphere. 
The accumulation and expenditure of nonuniformly incoming solar 
heat and the peculiarities of transformation create a complicated 
system of fluctuations with different periods, for which sometimes 
it is difficult to notice, in general, some periodicity. In spite 
of this, the latter is more frequently found in ice cover fluctuations 
than in fluctuations of atmospheric circulation, which Is léss 
inertial and more complicated. In ice cover fluctuations there 
appears a complicated interaction of ocean and atmosphere, and in 
connection with this investigations of ice cover fluctuations can 
give impetus to the knowledge of synoptic processes. 

Antonov (1957) attributes the following to basic causes of 
fluctuations of total ice cover of the Arctic seas: 

1) mainland waters as the initial impulse of the draining 
movement of water surface layers; 

2) stability of the system of constant curretns of the Arctic 
Ocean; 

3) total wind conditions above ocean, determined by the 
character of atmospheric circulation of the northern hemisphere. 

Numerous expeditionary investigations have established the 
existence in the Arctic Ocean of a general draining movement directed 
from Canadian and Asian shores to Greenland. This flow, essentially, 
serves as the border between two opposite baric systems, the anti- 
cyclonic eastern and cyclonic western. The greatest activity of 
the first appears in the summer causing an intensive inflow of 
Pacific Ocean waters, and the second, causing an intense inflow of 
Atlantic waters in the high latitudes, in winter. 

The amplitude of fluctuations in flow of Atlantic waters in the 
winter period from year to year can be changed 4-5 times. Such 
fluctuations, although they put a definite imprint on the scheme of 
constant flows in the ocean, nonetheless this scheme in broad terms 
is preserved, and only the rates of water masses are changed notice¬ 
ably and the axis of the general extension flow is deflected. This 
in turn affects the character of distribution of ice in the marginal 
Arctic Seas. Deviation of the trajectory of the general extension 
flow to the direction of the Asiatic mainland should sharply increase 
the ice content of the Arctic Seas. 



The change in speed of the extension flow Is most considerably- 
affected by the variability of recurrence in the western circulation, 
expressing basically the powerful Influence of the Atlantic. It 
follows from this that the general background of ice cover of Arctic 
Seas, which is the result of interaction of the atmosphere and 
ocean, is established in the winter period during the maximum entering 
of Atlantic waters and in basic features in maintained during the 
entire year due to the ice inertia or stability of anomalies in 
conditions of the Arctic Seas. 

Thus atmospheric circulation, conditioning and at the same 
time reflecting the state of the system of constant flows of the 
ocean, can to some degree to serve as an indicator of the whole 
complicated complex of dynamic causes determining the ice cover of the 
Arctic Seas. Antonov (1957) revealed very close asynchronous 
connecteions (having prognostic importance) of fluctuations in ice 
cover with the recurrence of a certain type of circulation (after 
classification of Vangenheim); for example, the Ice cover in August 
is connected with the recurrence of the western type in October of 
the preceding year. 

The relation of ice cover fluctuations with the recurrence of 
types of Vangenheim circulation is revealed by many other authors 
(Vangengeim, Girs, Witels, Stantsevich and others). However, the 
quantitative expression of this relation could not be obtained. 
Apparently, a thinner and more detailed classification of the 
synoptic processes is necessary. 

Investigations of recent years, based on data of observations of 
drifting stations (Gordienko, I958; Felzenbaum, I959, and others), 
established that the ice drift in the Arctic basin is 
accomplished from the shores of the Chukchi Sea and Alaska in the 
direction of the Greenland Sea, on approaches to which due to narrow¬ 
ing of the basin the flow and drift of the ice are accelerated. 
Regions adjoining the northwest Greenland and Canadian Arctic 
archipelago do not have the shortest path of the.extension of ice. 

The distance from Franz-Joseph Land to the Greenland Sea is 
passed by ice on an average of 1 year, from the western part of the 
Laptev Sea, 2 years, from Novosibirsk Islands, 3 years, from 
Wrangel Island, 6 years. 

Ice cover fluctuations of the Baltic Sea and Danish Straits 
were investigated Betin and Preobrazhenskiy (1959, 1962). They 
collected much material of ice observations in the Baltic Sea and 
Danish Straits: data of Stakle (1936), who collected records on 
periods of dissection of the ice cover in the Riga port from the 
winter of 1929/30; data of Jurva (1952) and Palosuo (1952) on ice 
cover from I919/2O, obtained by them at the base of ship, beacon and 
shore observations of the state of ice in the Baltic Sea and straits. 

On the basis of these data Betin and Preobrazhenskiy plotted 
curves of the movement of ice in Baltic Sea and Danish Straits. In 
the course of these curves they revealed secular variation with 
half-periods of Increase and decrease in ice cover, on which secondary 
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variations are superimposed. The tendency of the course of secular 
variations essentially affects the form of secondary cycles of 
ice cover fluctuations. In the period of the secular cycle with a 
tendency of increase in ice cover secondary fluctuations have a more 
correct form with a gradual increase in amplitude of fluctuations in 
the chronologic course of the series. In the period of the secular 
cycle with a tendency of decrease in ice cover the form of secondary 
fluctuations is less. Cycles of secondary fluctuations have a dura- 

?f^20"22 years> 10-12 years, 5-6 years and 3 years. There is 
a high degree of the connection between meteorological factors (sum 
of negative air temperatures for the winter period, course of 
winter temperatures, magnitude of summer heating of water masses) 
and ice cover. On this basis authors predict the movement of ice 
cover of the Baltic Sea two decades ahead, using data Simojoki (1955) 
on the expected course of winter temperatures in Helsinki. ' 

In the opinion of Betin and Preobrazhenskiy, recently there is 
the formation of the pahse of increase of a secondary cycle of ice 
cover fluctuations sea with a positive anomaly; the maximum of this 
phase will approach in the next few years, and then the process will 
start the decrease in cover, which will be completed approximately in 
the beginning of the 1970» s. Upon the expiration of this a new 
period with a tendency of ice cover increase should begin. 

The study of hidden quasi-periodic regularities in the total 
series of observations and the exposure of causes generating cyclical 
oscillations of ice cover of periods differnet in duration are the 
subject of investigation of Maksimov (1952, 1954, i960) He 
analyzed variations of different factors (ice cover of the northern 
part of the Atlantic, continentality of the climate of Western 
Europe, height level of the Caspian Sea overflows of the Nile River, 
thicknesses of wood rings) and revealed the coordinated character 
of these fluctuations in 80 and 250-year cycles, connected with the 
oO-year cycle of fluctuations of solar activity and the 250-year 
cycle, apparently, caused by the change in speed of rotation of 
Earth. 

Maksimov considers that the change in climate have a 
general planetary character, are directly caused by the increase in 
intensity of the total circulation of the atmosphere in both 
hemispheres, are connected with the increase in zonal component of 
circulation of the atmosphere, and have as one of the causes periodic 
changes In solar activity. 

The most detailed analysis were given to data on ice cover 
in the northern part of the Atlantic in the Davis Strait, in regions 
of Iceland and Newfoundland and in the Greenland Sea. For the 
exposure of considerable fluctuations in ice cover the data were 
processed according to the method of the moving average, where 
averaging was produced In the beginning for 7 years, for exclusion of 
cyclical fluctuations of ice cover created by Chandler»s motion of 
the pole of Earth; then for 11 years - for the exclusion of 
heliocaused fluctuations, and but then for 19 years - for the 
exciusion of fluctuations due to the perennial circumpolar atmospheric 
tide. As a result of the analysis of data there were distinguished 
fluctuations of ice cover with a period of about 80 years and there 
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appeared two cycles of 250 years each (according to data of ice 
cover for Iceland from i860 to 1940). With this Maksimov established 
that the last 80-year fluctuations occur against the background of 
a minimum of 250-year ice cover fluctuations of the Arctic Seas. 

Based on this Maksimov considers that the greatest development 
of change in climate was reached in period of 1938-1940, after which 
the sign of the variation in ice cover should be changed to the 
opposite. Hence it is possible to expect after 1940 an increase in 
ice cover of the Arctic Seas, an increase in continentality of 
climate in Western Europe, and a cessation of the fall in the level 
of the Caspian Sea. 

It is now already possible to say that these assumptions were 
justified only partially: although in the polar regions there 
approached after the 1940's a phase in temperature drop and ice 
cover, for example, in the Barents Sea (Pig. 1) this continued to 
decrease until recent years; a general increase in ice cover in the 
Arctic Seas, according to Lamb (1963), started only from 1958. This 
once again confirms, first, the unreliability of extrapolationon 
the basis of insufficiently founded and variable cyclic recurrence, 
and, secondly, the absence of a simple synchronous connection between 
fluctuations In climate and ice cover of the seas. 

J.J. Conclusions 

The above-stated material on fluctuations of ice cover of polar 
seas gives an idea of the extreme complexity of this phenomenon 
caused by atmospheric and oceanic circulation. Although fluctuations 
of the area of ice formation on the Earth are a definite index of 
climatic changes of large scale, the study of the connection between 
these phenomena is still by far not completed. This is prevented 
by the absolutely insufficient quantity of observations and absence 
of a single method in the estimation of ice cover. Prolonged, 
continuous, more or less reliable series of observations are only 
for individual seas of the Atlantic sector. The situation is poor 
with observations in the Pacific Ocean sector of the Arctic, where, 
In the opinion of many researchers, ice anomalies are engendered. 

Data Is quite insufficient on fluctuations of glaciers and ice 
cover in the Antarctic where there is concentrated about 4/5 of all 
ice reserves on Earth. The absence of prolonged observations in 
the Antarctic prevents solution to many problems on the connection 
of variations of general circulation and climate in both hemispheres. 

Many researchers (Mossman, Yoker, Wiese, Willet) assumed that 
fluctuations of the edge of ice in both hemispheres should occur 
synchronously in accordance with the expansion or narrowing of 
circumpolar vortexes (to the equator or from the equator). 

Nazarov (I963) considers it possible to tract the perennial 
course of changes in quantity of ice in the World ocean with the 
Kara Sea as an example. On the basis of the connection found by him 
between fluctuations of Ice cover in the Kara Sea and solar activity, 
he predicts in the forthcoming decade, in connection with the 
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reduction in solar activity, the increase in ice cover not only in 
the Kara Sea, but also in all seas of the northern and southern 
hemispheres. 

But Lamb and Johnson (1959) consider that displacement of border; 
of perennial ice depend more on latitudinal displacements of the 
main thermal gradients in the atmosphere than on the change in 
intensity of the circulation. Therefore, depressions of the 
southern hemisphere are displaced to the south in those years when 
the northern polar ice extend far to the south, displacing to the 
south the paths of the North Atlantic cyclones. In orther words, 
these authors consider that the displacement of borders of ice in the 
southern and northern hemispheres occur in parallel in the direction 
of the North or South Pole. 

Opposition to judgements on the conjugateness of fluctuations 
of ice cover in both hemispheres, naturally, is caused by absence of 
data, for which authors must use indirect proofs, which In view 
of the complexity of interdependence can be interpreted ambiguous. 

Hence it is clear that for the use of data on ice cover, as an 
index of variations in climate data are necessary on planetary changes 
of ice borders for a number of years. Now there is already the 
possibility of obtaining such data with the help of satellites, and 
if this possibility is realized in several years researchers of 
variations in climate will be able to predict far ahead the solution 
of this most complicated problem. 
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CHAPTER II 

METHODS OF INVESTIGATION OF THE CHANGE IN CLIMATE 
AND AN ESTIMATE OF THE REALITY 

OF THESE CHANGES 

1. Terminology 

Authors of works devoted to the study of the change in climate 
use for this purpose different methods depending upon the set concrete 
problem. It is necessary to analyze basic methods of those used at 
present in order to select the most suitable for resolution of the 
problem formulated in this work. However, before doing this, one 
should definitize the terminology. The concept "change in climate" 
has different meaning to various authors. Dis< ordance in this 
question reached the point where at the Fourth Session of the 
Climatological Commission of the Universal Meteorological Organization 
(UMO) (1965) the working group on variations in climate presented 
a proposal for the standardization of terms connected with the 
concept "change in climate". 

Basically this proposal is reduced to the following. 

"Change in climate" is a general term including all forms of 
inconstancy of climate irrespective of their nature, statistical 
(connected with the internal structure of series) or conditioned 
by physical causes. 

The particular cases in the concept "change in climate" are the 
following: 

a) stepwise change in parameters of statistical distribution 
from one part oí1 the series to another;1 

b) variation in climate — such a change of climate at which 
values of the variable are gradually and smoothly changed between 
consecutive maximum and minimum values; 

1In the proposals of the working group only mean values are 
mentioned, but it is more correctly to discuss all the basic 
statistical parameters. 
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World Weather Records 1941-1950 (1959) these differences are given in 
the form of corrections to temperature of the station at the airport 
so that it would be possible to unite its data with temperatures of 
the station in the city. The same corrections were given by us to 
data of the station at the airport for the period of 1951-196O, 
Analogously there was determined the magnitude of heterogeneity 
appearing in connection with the transfer of the station at Vienna. 
Differences in temperatures at the new and old locations at New 
Haven during eight months in the year (from April to November) are 

from 1.0° to 1.5°, and in Vienna from May to August they are 0.8 to 

1.0°. 

Inasmuch as these differences are averages from observations of 
a series of years, the addition of them to data for individual years 
cannot completely remove the heterogeneity of the series. At 
New Haven we considered possible, however, to unite both series, 
since the corrections were given only to data for 20 years. For 
Vienna it was considered more expedient to use data of the station 
only after its transfer, since 1S5I, than to give corrections to the 
old 75-year old series in order to unite it with the new. 

When work is conducted on the scale of the entire Earth, the 
history of the station -- the change of its location or the 
surrounding environment in separate parts of the period of observations 
the change in periods of observations or formula which are use for 
the derivation of average diurnal temperature values — by far is 
not always known. But also in those cases when there is this 
information, it is far from always possible to determine quantitatively 
heterogeneity caused by the above-indicated causes while one can 
see by examples of New Haven and Vienna that differences in tempera¬ 
ture comiected with the move of the station 1-1.50C, differences of 
the mean diurnal temperatures, calculated by the formula 1/2 
(maximum + minimum), and averages for 24 hours in many regions of 
the Earth are also about 1°C. In the case when in some years the 
mean temperatures are calculated by the formula 1/2 (max + min) and 
in other years at the very same station as an average of some 
combination of përiods of observations, the series of observations 
becomes nonuniform. 

In the present work if it was not possible to determine the 
magnitude of heterogeneity quantitatively, stations were used only 
as auxiliary (for establishing the community of variation with 
other stations), or the nonuniform part of the series was rejected. 

3. Method of Integral and Integral-Difference Curves1 

The essence of this method consists in the following. 

Let us designate terms of the initial series by .. 

^■Sometimes such curves are called cumulative curves. 
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al* 2' &y •*•» an* T1:ien its mean value will be 
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average deviation of every term of the series from the perennial 

4-a,-A.. 
The integral Is called a series whose terms are equal to 

«,+«,+«„. 

and the integral-difference, a series whose terms are equal to 

rf" +^,.+rf,+... 

varlantUSf11?heUíe;LíhísSused.°f ^°86 ln 0Umate thls 

A comparison of properties of integral-difference serlpc! with 
the initial leads to the following conclusions. Since 

then the last term of the integral-difference series should be eoual 
to zero. Practically, if quantity is not calcÜatS accuratllf 
enough (with rounding off), it somewhat differs from zero. 

ova cî£ £he struc'fcure of the initial series is such that its terms 
?£lT£0meh^WvConnejted/With each otheri tut their magnitude is 
influenced by random (in statistical sense) factors then in the 
converted series the ¿ole of systematios iicSases is Spiïed lo 
the influence of random factors, Xf. the initial series ineludPQ tho 
gu£i?a£ Proc®ss> then in the integral-difference series it will 
sin^x Amn£íhrn°f a p^asej slnce the integral of cos x is equal to 

íCí„/iAmpl£tuíes of long waves «ill he increased greater than 
amplitudes of shortwaves, since the integral of cos x is 1/2 sin x 

The fact that in the integral-difference series its reKular 
structure appears more clearly than in the initial series and 
amplitudes of long waves are increased greater than those"of short 
(and, consequently the alternate filtrltion of waves of various 

£s P°asihle), attracted a number of authors to use this 
method for the study of the change in climate. However this 
SS? ?£ d^icfencles * Thus, for example! Sozdov 
ii^rT showed that with the initial incoherent series the 
greatest0in°th£e£,{1Hfi?f inieeral-difference series will be greatest in the middle of series studied and that the accumulation 
aLidPntflierf°fS+.?an souslhorably increase the amplitude of 
accidental variations in this part of the series. He also 
fh£Cwted coefficient of correlation between neighboring terms of 
the integral-difference series and shewed that it is cäflSbl? 
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esoeciallv in the middle of the series. In connection with this the 
characte/of curve becomes smooth and produces an impression of 
regularity. 

Considering the above-indicated deficiencies of the method of 
integral-difference curves one should not recommend it for extensive 

MÄofÄS ÎSYSÆry of the 
integral-difference series has real physical meaning. 

4. Method of Moving (Overlapping) Averages 

This method is one of the most often applied in the investiga¬ 
tion of the change in climate; just as the method of integral curves, 
U £as propos ed It the end of the last century for the smoothing 
of series of observations. 

The essence of this method consists in the in the transformation 
of the initial series a^ a2, • • • # a into the series 

n 

• V» JL V'« — V — a>.* ,T- 

Obtained after averaging with respect to m of consecutive terms of 
the first series when m < n. 

T-p -in fhp initial series the periodic term is contained* then 
it is eas? S si™ ttet in ths concerted series this term »111 have 
an amplitude decreased as compared to the first in the ratio 

Ha«4 

where p is the wavelength of the period. 

With P equal to m, l/2m, l/3m etc., A = 0, i.e., such periods 
"H nui dated If p > m, then the greater the p, the 

less the amplitude decreases in the smoothed series, since at very 

small angles sin m£ is close to m sin £ and A is close to one. 

Thus the method of moving averages presents a certain "mathe- 
■Mnai •nitpr11 allowing the isolation of variations with a large 

wavelength^consideralyHfxtlnguishine the short-period oscillations 

This method is simple, and in the converted series the phase 
of periodic terms does not change (for waves of sinusoidal character 
with a wavelength exceeding the period interval) 
attributing the results of smoothing to the middle of interval;. 
Furthermore when necessary from the smoothed series always it is 
possïbïe ïo’turn to a series of averages for consecutive (nonover¬ 
lapping) Ume intervals, in which the influence of random factors 
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and small cycles is just as suppressed as in the series of moving 
averages, but whose terms with incoherence of the initial series 
remain independent. 

Application of this method requires, however, the calculation 
of certain properties of this series without which it is possible 
to arrive at false conclusions. 

Establishment of fact of the change in climate is reduced 
basically to an analysis of time series. It is complicated by the 
fact that not all noticeable variations in these series are real. 
Slutskiy (1927) showed that "the addition of random causes generates 
wave-like series having a tendency during the period of a greater 
or smaller number of waves to simulate harmonic series formed from 
a relatively small number of sinusoids. Upon the expiration of the 
greater or smaller number of periods of the defined conditions are 
upset, and the transition to other conditions can occur either 
gradually or more sharply near the special critical points. 

The appearance of these waves can be caused by the following 
circumstances. With moving averaging in the influence of every term 
of the series spreads on m terms of the moving series. Terms whose 
value considerably differs from the average will manifest their 
influence during the whole period of averaging. At the same time 
in the random series the number of maxima and minima is about 1/5 of 
the terms of the series, Xf these maxima and minima were not covered* 
in the moving series there had to appear apparent cycles with an 
average wavelength equal to the triple period of averaging. Partial 
covering of the influence of extreme terms of the series will somewhat 
reduce the duration of such apparent cycles, and they will exceed the 
period of averaging 2-5 times. In connection with this it is 
expedient to apply the moving averaging either for detection of cycles 
with a wavelength greater than the tripled interval of averaging, or 
to control the reality of the cycles by applying in parallel several 
periods of smoothing. 

Here an account was of the simplest variant of the method of 
the moving average when all terms of the series have identical 
weight. There are used sometimes more complicated variants of 
this method, a short summary of which is given in the report mentioned 
earlier at the Fourth Session of the Climatological Commission of the 
Universal Meteorological Organization. These methods are not 
analyzed, inasmuch as in the present work they were not used. 

An illustration of that said about properties of time series, 
smoothed according to method of moving average, can be Figs. 2 and 
5, where there is given a comparison in the variation in temperature 
in the initial series of observations with temperatures smoothed 
by means of the formation of 5, iO, 55 and 80-year moving averages. 
The data are given for Leningrad as for the longest and most uniform 
series of observations in the Soviet Union. 

With attentive examination of the graphs it is possible to 
notice already in the initial series a certain tendency toward an 
increasi' in temperatures in the 20th century as compared to the 
18th and 19th centuries. This can be seen from the course of devia¬ 
tions for every year from the perennial mean temperature. In first 
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Fig, ?• Moving average of air temperature. 
Leningrad, a) 5-year, to) 10-year, c) 55-year 
d) 80-year. 

part of the series there are considerably greater negative deviations 
in temperature than in the second, where only the deviation in 
temperature in 1942 can be compared with deviations of 1785* I809 and 
1814. 

In the course of moving averages the tendency toward the increase 
in averages of monthly temperatures is more sharply expressed, 
but great deviations in temperature from the perennial averages are 
well evident even on 5 and 10-year moving averages (for example, low 
temperatures in the beginning of the 19th Century and in 1940*s 
and high temperatures of the 1950's). The horizontal lines corres¬ 
pond to the perennial mean temperature for the whole period of 
observations. 

There is interest in the comparison of the analysis of the 
time series by methods of integral-difference curves and the moving 
average. Figure 4 gives the variation in temperature Kazalinsk in 
Spril calculated by both methods. Variation of the curves on this 
Figure shows that the moving average temperatures give a more graphic 
representation of the actual changes in temperature than do the 
integral-difference curves. Thus the highest 10-year mean temperature 
of April was in the period from 1952 to 1941, and the integral- 
difference curve occupies during this time almost the lowest 
position, which is caused by the influence of the low temperatures 
of the preceding period (as is well evident from the curve of moving 
temperatures up to 1905-191^)• One should not assume that the 
course of curves on Fig, 4 is accidental* and an example is 
specially selected. Such movement of the curves is typical, in any 
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case for series characterized by great variations in temperature, and 
they represent for us the greatest interest. The fact is that 
integral-difference curves in principle are the integral of the 
Initial series and, therefore, should have with respect to this 
series an opposite movement. We compare these curves with the 
smoothed series, but, since in it during the 10-year averaging there 
still are preserved the basic features of the initial series, 
tendency to an opposite movement of curves remains noticeable. 

To deficiencies of the method of 
KâídUnsk April integral-difference curves having a 

technical character should belong the 
fact that with the desire to extend the 
series during the accumulation new 
data is necessary to calculate 
deviations from the perennial average 
anew, since the mean value of the series 
under conditions of variable climate 
can be different. 

5. Methods of Spectral 
Expansion of Series 

of Observations 

Fig. 4. Moving 10-year 
avearage temperatures (1) 
and integral-difference 
curve (2). Scales above 
and to the left pertain to 
the moving average, and 
scale at the bottom and to 
the right - to the inte¬ 
gral curve. The horizon¬ 
tal solid line is the 
mean temperature of April 
at Kazalinsk for the 
period from l88l to I960, 
and the horizontal dotted 
line corresponds to the 
beginning of the reading 
of the integral-differ¬ 
ence curve. 

These methods, as also the method 
of integral-difference curves and 
method of moving average already 
described, are for the purpose of 
detecting hidden variations in series of 
eteorological observations. 

5.1. Schuster Perlodogram. In 
1898 Schuster proposed themetnod 
perlodogram analysis, which was wide¬ 
spread in his time. The idea of this 
method was founded by Bayes-Ballo in 
1847. There is no need here to give 
many research works and textbooks. In 
connection with the laborious for 
preliminary analysis of cyclic 
recurrence, in the present work there 
was used the periodscope method of 
Carruthers (1944). 

5.2. Carruthers Perlodoscope. 
The basis of this method, as other 
methods of such kind, is the expansion 
of the series of observations to several 

components selected with such calculation in order to distinguish 
oeriods with an interesting wavelenght, which smooths other waves. 
Bv means of vSy simple calculations we obtain tentative magnitudes 
of ïhe îengti? Lplltude and phase of periodicities Subsequently, 
with necessity, a more precise definition is 
magnitudes by the method of harmonic analysis of ^hose/^riations 
with which it is possible to give a definite physical interpretation. 
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The method of calculation of the periodoscope, in particular 
for a series of mean monthly temperaturesj consists in the following. 
The initial series is divided into segments u in such a manner that 
the length of the period of variations which we want to isolate 
covers from Ju to 6u observations; then we will form average of u data 
(u^, Ug, ..., un) and calculate the difference: 

<1, - 

u,-u,~v}, 

From the . eries of differences (v2, vv ..., vn) again we 

calculate the differences: 

®l - fj “ M. 

• » • • • 

^•4-1 

Then 

*.--■.-1 + 2«.-«.+,. 

This expression serves for the control of calculations. 

The obtained differences z^, z^, ..., zn are plotted on a graph, 

having selected convenient scale. On the obtained curve there is 
excluded secular variation, and large variations are essentially 
smoothed. 

Giving different values to quantity u, we obtain a series of 
curves which make it possible to study the wide range of periods or 
variations. 

Reality of the exposed periodicity is confirmed by the presence 
of it on two or more curves obtained at close values of u. 

If the series of observations contains periodicity with the 
length L, then this periodicity will be contained in curves of the 
periodoscope with the same length, but with an amplitude increased 
in the ratio R:l, where 

co** KM 

Quantities of R for values of the ratio L:u from 2.5 to 6.9 
are reproduced from the article of N. Carruthers (1944) in Table 2. 

Thus in order to obtain the real magnitude of the amplitude of 
the periodoscope of period L found on curve u, it is necessary to 
divide the mean value of amplitude, determined by u, by the quantity 
R. 
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.Table 2. Degree of Increase ln Amplitude for 

and the Period of Averaging _ 

Is« 1 
[il 

o.t 1 0.2 0.3 0.4 0.5 0.0 0.4 0.9 

" 7 
3 
4 
5 
6 

2.44 
3/« 
3.3!» 

2. T4 
3. W 
3.31 

2. H0 
3, «2 
3.2!» 
2.75 

3,00 
3.02 
3.24 
2.70 

3,20 
3.5!» 
3.14 
2.*w 

I.« 
3..11 
3.57 
3.13 
2.01 

1.3ft 
3.41 
3.5» 
3,07 
2,50 

l.M 
3.44 
3.51 
3,02 
2.51 

1,07 
3.51 
3.47 
2.07 
2.40 

2.2i 
3.57 
3.4» 
2.V2 
*2.4» 

An example of the calculation of the amplitude on periodoscope 
■urves and results of the periodoscope analysis, carried ou 
£e series o?temperature, will be given in Chapter V. 

Idea of it consists in the following. 

• • • * If there is given a series of equidistant values a1, a2, 

and their deviations from their average value AN will be 

N = a - J then the coefficients of correlation between terms of 
I 1 . N’ . ;his series”a^ and a^+lt will be 

here k = 1, 2, 5 ... 

Thus the coefficient of correlation ^ ‘he^functio^k. ^This ^ 

unction is called ? ?°r![®1°fí?In¿e „reserved and in the series r(k); 

S^^^lnfre^ t? tSf/rSh in the difference of 

hases of rhythmic fluctuations. 

5 4 Method of analysis of c°gtlnu°ug , spftfítruni i Varfatl—‘ 

.StfoÄSlrS^^ 
‘rfS ?LVeasearïesncaiSb rSp?êseLër=;nsisrirsdo?8ah infinite 
SÄ “ions ^vingcontinuou^dlstrihutlo^of^veienghs, 

!“î“rSna con!ïnuoSfregion of 
Infinitely long to the shortest ant estimate 

“S M :??ecuve îhÂe ^ 

-58' 

.... 



! 

processes 

This variant of the method of spectral expansion of series 
of observations is more perfected than that of the preceding, since 
it allows determining the continuous distribution of wavelengths 
contained in the time series. All variants of methods of spectral 
expansion characterize the structure of random processes contained in 
the time series. All variants of methods of spectral expansion 
characterize the structure of random processes contained in the time 
series. But the method of composition of the continuous spectrum of 
variations of series, just as the method of autocorrelation, has the 
deficiency that it does not permit determining the phase of cyclical 
components of the series. 

A large part of the spectral peculiarities of the series, 
which is revealed in the method of analysis of variations with the 
help of the continuous spectrum, is contained in the correlogram, 
although in a somewhat less graphic form. 

Considering the least laboriousness the methods of periodoscope 
and Correlogram of all the mentioned methods of spectral expansion 
of series of observations, we used these methods in the application 
to the problem set in the present work, along with the basic method 
of moving averaging. 

At the same time in Paragraph 2 of this chapter it was noted 
that in the smoothed series there can appear "waves" which in the 
initial series were not noticeable. It is necessary to find the 
criterion on the basis of which it would have been possible to arrive 
at conclusion whether these waves, becoming noticeable due to the 
suppression of shorter waves, are real or are they only an imitation 
of variations, caused by the addition of random causes. 

6. Criterion of Reality of the Distribution 
of a Series of Observations from 

the Incidental 

As is known, variations in meteorological quantities differ 
with great diversity. Part of the spectrum of variations in 
its structure resembles incidental incoherent variations or random 
disturbances covering considerable periods within which there 
appears connectivity of meteorological series simulating the cyclic 
recurrence of the variations. Other variations in their structure 
considerably differ from the incidental and reflect the influence 
of prolonged effective factors, creating a certain form of systematics 
in the structure of the series. The establishment of such systematics 
has much importance for the estimate of the influence of the internal 
structure of a series and external factors on terms of the series 
and also for checking the hypotheses of the existence of connections, 
especially those more complicated than the linear correlation 
(Drozdov, Pokrovskaya, 1962). 

For the purpose of facilitating the analysis of- prolonged varia¬ 
tions most interesting for climatologists measures are taken for the 
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suppression of short-term cycles and also those similar In structure 
to the incidental. For this there is used most frequently either 
the consecutive summation of terms of the series (integral curves) 
or different methods of smoothing (filtration). The first procedure 
does not change, essentially, the quantity of information embodied 
in the series and only facilitates the detection of long-term cycles 
against the background of shorter ones. The second procedure can 
in certain cases completely turn off defined periods from the 
converted series. 

As was already mentioned, among methods of smoothing comparatively 
frequently there is applied the method of moving average. A great 
deal was written about its merits and deficiencies. They are 
discussed in Paragraph 4 of this chapter. In addition to this one 
should dwell on the merits of this method noted earlier insufficiently. 
In particular it can be proved that with the same averaging the 
method of moving averages liquidates the random effect the greatest 
as compared to other methods of smoothing. 

Let us assume that suppression of the influence of random 
factors is carried out by means of averaging n consecutive terms of 
the series 

with weights 

Æp JCp ■ ■ ■. Jf„ X,+|, ■ • • i Jf.Vi 

V • m**! ***!■■•• 

(i) 

(2) 

Let us determine dispersion of the accidental incoherent series 
smoothed by the above-indicated method. It is obvious that as a 
result of smoothing there will be obtained the quantity of the form 

m 

(3) 

With this the mathematical expectation of quantities of the 
initial series and averaged series will be equal to Ey = Ex, where 
E is the sign of mathematical expectation, then the dispersion yk 

will be equal to 

(M 
To clarify the influence on dispersion of the series of 

irregularity of weights, quantities of weights a can be replaced by 
quantities b by the relation 

T+*«. (5) 

where 
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but then instead of (4) it is possible to write 

.:.-2(^.:-(^+2,.).:. (7) 

The second term of the expression, (in parentheses) is identically 
4 zero4on basis (6and the third term in parentheses 

(7) is essentially positive. There, the minimum a will be under the 

condition yk 

¿,■0 (/v 1,2.3.it). 
(8) 

_ This proves that any smoothing with unequal weights in the 
interval of n consecutive terms less effectively suppresses incidental 
variations than that of the moving average.1 

^Preliminary smoothing is frequently found necessary for 
composition of the spectrum of basic cycles, without which the level 
of significance remains inadequate for definitiveness of .judgement 
on the reality of the obtained results. At the same time smoothing 
does not save from the necessity of estimating the degree of 
reality of exposed peculiarities of the series structure. Among 

ra.ther sensitive in many cases (Drozdov and Pokrovshaya. 
1961; Drozdov and Pokrovskaya, 1962) are the relationships collected 

^1936)P* Veynbers (1929) and strictly founded by M. A. Omshanskiy 

+ t*16 Prasen1: work there was interest in the criteria allowing 
establishment of ohe distinction in variations in the investigated S 
series from variations, taking place in incidental incoherent series 
for which there is maintained approximately the equality of the 
number of increa.ses and decreáses, and the number of extrema is 
approximately 2/3 of the number of the terms of the series. 

, The first of thementioned criteria permits revealing the 
systematic change in the level of the series (on the whole or on 
some section), and the second permits estimating the duration of the 
characteristic cycles. These criteria were developed earlier only 

sefies- Considering that the methods of moving averages 
are used by great propagation in practice, they are generalized in 
tne case of smoothing (Drozdov and Pokrovskaya, 1962T. The 
appiication of them to factual material immediately led to unexpected 
and interesting results. Let us show this in the example of an 
analysis of the'series of January temperatures in Leningrad. This 

Si£ceSifiORrîhd ^ 1745 kut h^d ln the beginning several omissions, 
bince 1005 the observations have been conducted continuously. For 
an analysis of the quantity of extrema it is expedient to use this 
last section of series, which up to 1964 numbered 160 years. 

^be report already mentioned earlèr of Commission on the 
ofMrin +£ cll+ate at bbe 4th Session of the Climatological Commission 
of UMO there is examined the generalized method of moving averaging 
°tJe£les wb°se terms have unequal weight. This method is frequently 
used by various authors.- As was shown above, the most effective is 
the method of simple smoothing of terms of series with equal weights. 
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For the initial series the number of extrema v * 2/3N = IO7 
with a probable error 

/M -0,477 ¡Z i^lrf-3,5, 

where N is the number of terms of the initial series. 

For smoothing of the series, with a period of smoothing n > 3, 
the number of extrema will approach 1/2(N - n) with a probable error 

/<*) - 0,1124 KiT(N - « -1) - 2*. 

A test of the difference of the number of extrema from the 
accidental is conducted for the nonsmoothed series and for the 
moving smoothing with respect to 10 and 35 terms. More prolonged 
periods of smoothing were not tested, since with such averaging the 
series.of adjacent terms appeared within the accuracy identical, and 
determination of the number of extrema was difficult. Results of 
the test are given-in Table 3. 

Table 3. Test of a Number of Extrema in a 
Smoothed Series of January Temperatures in 
Leningrad for the Difference (A) from the 

Ftrioa or 
■noothing V-ft-fl ¥ ** fop randan 

■epita 
A /w 

A 
7TT 

A 
\ 

t 
10 

t- --01 
Not«. 

•H
 

H
 

m 
*2 
71 

rst 1 

107 
75 
62 

ine then 
+» 

5 are 

3.5 
4.5 
4,0 

data 

+0 2.9 
: + .5 

+2.2 J +1.5 
of the 

nonsmoothed series. 

In the nonsmoothed series the number of extrema was found to 
be considerably more incidental than the presence in the series of 
a biennial cycle (4.3f = 2.9o, level of significance is O.37#) is 
found reliable. 

After smoothing the deviation of a number of extrema from that 
expected became unimportant, and the certain exaggeration of the 
number of extrema as compared to the expected is apparently connected 
with the inaccuracy of their counting in the flat sections of the 
curve (in every flat section there was taken one extremum, which 
is somewhat conditional). 

No less interesting were results given by the analysis of the 
number of increases and decreases in the series. Here up to n = 50 
inclusively the length of the series was used the same as in the 
preceding case, but with smoothing over 80 years omissions were 
disregarded and counting was conducted over the. entire series with 
averages for the actual number of years of observations in the 
given 80-year period. The number of Increases (or decreases) in 
the nonsmoothed random series should on the average be m - N/2 with 
a probable error (Veynberg, 1929) 
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For smoothed series the number of terms will be less by n, and 
consequently, the number of increases and decreases is each on the 

N — n 
average —s— with a probable error F = 0.195^ + n. 

In order to decrease as much as possible the influence of flat 
segments of smoothed curves, on which to distinguish the increase 
from the decrease in series it is practically impossible, it is 
expedient to take the difference of a number of increases and 
decreases, considering that on the flat segments the increases 
and decreases are equally probable. But it is natural that the 
variability of the difference in the number of increases and decreases 
m the series is twice greater than the variability of the number 
of increases, and consequently if the mathematical expectation of 

the difference m(+) - m(-) = 0, then f^^^ = 0.390^ TT 

for the nonsmoothed series and = Ò.390VN + n for the 

smoothed parts of the series. ' ' ' 

As a result of the analysis of the January temperature for 
Leningrad Table 4 is obtained. 

Table 4. Test of Differences of Numbers of 
Increases and Decreases in a Smoothed Series 
of January Temperatures of Leningrad for 
Difference from the Expected in the Random 

Period of^ 
smoothing V — « -4- 1 "(<•>-*(-> 

*(4.) — 
n /«<+)-«(-) 

11 
10 
35 
50 
»0 

IfiO 
151 

III« 
KM2 

ÍÍ 
-fS 

+13 
tW 

5,0 
3.1 
5.3 
5,0 
6.7 I 

+0,00 
tI¡57 
+0,!« 
+».30 
+».30 

+0.33 
+1,00 
+0,05 
+ 1.55 
+1.01 

1In first line there are data of the non¬ 
smoothed series. 

2A11 years of observations are used. 

Data of this table show that in the nonsmoothed series the number 
of increases and decreases in practically equal, and up to the 
period of averaging n < 50 there appears only an insignificant excess 
of the number of increases over the number of decreases, after 
which the predominance of increases over decreases is more clearly 
revealed. Translating the calculations given in Table 4 from 
probable deviations into units of standard deviation more accepted 
now, we find that for the 50-year smoothing the difference in the 
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number of increases and decreases composes is about 1.55o / / 
, n m(+)-m(-)’ 

and for the 80-year period, The level of significance 

of similar deviations as random is equal to 12 and 11$ respectively. 
Thus the criterion of Veynberg was found insufficiently sensitive 
for the given purpose and only with averaging over periods, greater 
than 50 years are there revealed noticeable differences in the 
number of increases and decreases from that which one should have 
expected in random incoherent series. But the level of significance 
for categorical conclusion remains insufficient. This shows that 
the analysis of changes in climate requires more sensitive criteria 
than, for example, the analysis of levels of reservoirs, in 
connection with the great variability in temperature from year in 
year. 

Let us analyze the ways of possible more precise definition of 
criteria of systematics. The profitable side of the criteria of 
Veynberg 13- that, by applying them, it is possible to trace the 
accumulation of distinctions from accidental with an increase material 
at constant structure of the series. A shortcoming of them is the 
fact that peculiarities of the series utilized in the criteria are 
considered only in qualitative form. Hence the replacement by their 
analogouscriteria is natural, but founded on the quantitative 
calculation of peculiarities of the series, in particular on the 
calculation of the increase and decrease of its level. For obtaining 
a similar criterion we will use certain ideas of sequential analysis 
developed by Wald (19^7, I960). Let us compose a series of 
consecutive differences of neighboring (equidistant with time) 
members of series x1, x2, ..., Xj,. 

i*. rf,-,-*.*— 

As is known. 

(9) 

(10) 

i.e., with summation of consecutive differences anew difference 
series is obtained tut with an interval in k of the terms. 

For incoherent series 

(11) 
As can be seen, dispersion Dk does not depend on k and it 

can be designated by aD. At the same time Dk is expressed the 

direct change in the level of the series from the first term to the 
(k + l)-term. Obviously, it makes sense to compare D. with on or to 

D k D 
estimate the series of ratios — for establishing the significance 

D 
of systematic tendencies in the series as compared to their natural 
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variability. 

With this if systematic tendencies of the evolution of the 

level will be important, the series JS (k - 1, 2, ..., N) finally 

th^rP^Miíf70^ th^,,liraits of several units, which will characterize 
the reliability of setting the tendency (with conservation of the 
law of formation of terms of the series). 

D, 
for cyclical processes the series —, emerging some time beyond 

+ Per®issi^le for random series, again will return to 
relatively small values, which usually is not anticipated in 
sequential analysis. However, this criterion will also not always 
be sufficiently sensitive, since variability in the x series can 
appear is so great that accidentally can negligibly differ 

from xk. in this case sensitivity of the criterion can still be 

increased if one were to take the differences of not consecutive 

same8series? Series' but the averaees of consecutive n-year of the 

(12) 

Summing d^n) gives quantities 

(13) 

For random incoherent series a 

depend on k. 
D(n) = 2 it also does not 

,(n) Comparing the series of quantities D^*' with a /n), we can more 

lmPortance of distinction in changes in the 
series x^ from variations in the random incoherent series. The 

influence of various kinds of connectedness in the series 

(Markovian processes, stationary processes etc) does not change 
îJ0!?1116 cr1‘fcerlon> since the very fact of stability of the 
tendency in the level of series independently of its origin is 
important (it is immaterial whether stability is determined by 
o?nh?rCÏÎ;0I\S subsequent terms of the series with the preceding 
or by the influence of external factors on them). 6 

PeFlodaveraging n can be taken as arbitrary, but its 
rations,! selection is determined by the following conditions: n 

of°thf iní+í!;?\??0UgV?u0r?er í° substantially lower the variability 
of the initial value of the level of the series induced by random 
factors, and at the same time the quantity n should not be so great 
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Equating the derivative with respect to n to zero and rejecting 
the values n ■ Ö and n - N the giving minimum, we find 

AT-«—2*. 

or 

Consequently, the interval of averaging even for linear 
evolution should not exceed 1/3 the length of the series. 

If, however, evolution has a more complicated character, then, 
by dividing series into sections within which the evolution can 
be considered rectilinear, it follows for every such section to have 
not less than three averaged values. 

In this work to ensure the maximum comparability with the 
main part of the material, n most frequently was taken equal to 10. 
The ten-year period leaves in the series many interesting parts of 
the secular variation and therefore is acceptable in first 
approximation. However, with great variability of temperatures in 
certain seasons in defined regions, averaging over 10-year periods 
was found to be insufficient to ensure the necessary sensitivity of 

Dk(10) 
criterion -> then there were" used larger periods of averaging 
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that it smoothes the real peculiarities of the structure of the 
series subject to exposure. The biggest values of n, naturally, 
can be taken during linear evolution of the level of the series. 
For this case the rational value of n is easy to calculate 
theoretically. Benefit of the increase in n with incoherence of 

Series Xj^ is in the decrease In which will decrease 

proportional to Vn. Loss from the increase in n is obtained as a 
result of reduction in the time interval during replacement of 
initial members of the series by mean values. The relative 

importance of reduction in the length of the series is with averaging 

of ^ ~ Consequently, the most profitable interval is determined 

by the maximum relation 
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(examples are given in subsequent chapters of the work). 

The course of quantities ^(n) accurately reproduces the course 

of the actual quantity x in appropriate averaging, and only 
changes are counted off not from the average for the whole series 
but from the initial level of the series. In those cases when the 
initial_level of reading will be far apart from the average level of 
the series, this has decisive importance in the increase in 
sensitivity of the introduced criterion. 

If one were to take reading of deviations not from the initial 
level of the series but from the average for the whole series, 
then the criterion should be converted accordingly. Similar 
replacement reduces twice the modulus of the greatest deviations in 
the case of linear evolution of the level of the series, which on 
the level of significance is felt extremely great, and sometimes 
it is increased hundreds of times. For example, if changes in 

Dk(n) reacl1 then deviations i’rom the average will lie within 

^^(n)* but the level of significance of the yield for 4o for the 

for the normal law of probability distribution is 0.0064#, and for 
2o — only 4.55#; therefore, if one were to use the criterion without 
some changes, the sensitivity of it will decrease TOO times. 

It is true that by modifying criterion it is possible and in 
this to improve the position considerably. Thus In last case the 
series will twice approach the extreme values, in beginning and at 
the end. The probability of coincidence of similar moduli of 

deviations will already be (0,0455)2.100# = O.207#. 

Such a procedure anew increases the sensitivity of the criterion 
22 times, but there still remains a loss of 52 times, which actually 
will be still greater, since the probability of appearance of 
certain deviations should be multiplied by the total number of terms 
of the investigated series. Meanwhile such a case can appear 
when in the series instead of a systematic tendency of level there 
take place only-great cyclical variations, in this case the 
initial section of the series can coincide with any phase of the 
cycle, including and with that close to the perennial mean value. 
Averaging in this case will help little since the averaged level will 
also approach the perennial average. Then for the initial level it is 
expedient to take the quantity of the cycle nearest to the beginning 
of the series. An analogous procedure can be applied when cyclical 
changes in the series are combined with systematic changes of the 
level. It is necessary to remember only that each such shift increases 
the probability of the random appearance of a great variation in 
differences the number of times corresponding to the number of 
years of the shift in the initial level of the series. 

Somewhat better is the situation, if reading is conducted 
strictly from the average level of the series, since dispersion of 
deviations from the average are less than the dispersion of 
differences, and, consequently, for conditions introduced above. 



l'T 
^V"11 and 2fpí«>«234*.<lt.f I The probability of yield for 2.84a 

is 0,462^, which corresponds to the lowering of sensitivity of the 
criterion for the given case JO times. If, however, for this case 
we again use the probability of double appearance of the given, 
then it will be equal to 0.0021#, i.e., three times less than with 
i n(n) 
the application of the criterion —-. 

>) 
If, however, we consider that this probability must be 

multiplied by the number of terms which are necessary to use on 
each border of the series in order to enter the section of the 
noticeable evolution level, then great benefit in the accuracy of 
the criterion cannot be obtained by this means, and the criterion 
itself is considerablycomplicated. It is easy to show that, without 
recourse to averaging in series, the linear evolution of its level 
on the basis of calculation of extreme values of deviation from the 
average, in general, cannot reliably be revealed. 

Let us assume that the amplitude of variations of the series 
values, variable strictly linearly (random scattering is absent), 
will be 2a. Then 

_» i V 
<*fc*-0,3332a* and»,«0.560. (17) 

Consequently, under these conditions extreme values in the 
series, in general, cannot exceed the value I.760 , and therefore 

calculation of deviations even on both ends of the series does 
not give an essential difference from chance. The low sensitivity 
of dispersion of the series to influences of systematic tendencies 
makes hardly acceptable the criterion of systematics proposed by 

Budyko and Yudinyy (i960). It is based -on the average of c, (on 
p ^ 

which systematic changes of level do not affect) and av . By it 

the disturbance .of the relatibn =■ 2ox2 with a change in the 
level is checked. It is true that for the case of a purely linear 

d2 = 0, when ox2 ^ 0 it 

immediately solves the problem, but, in general, the sensitivity of 
this method quickly drops with an increase In the influence on the 
level of the series of random factors, since 0^ becomes within 

errors of that indistinguishable from 2a 2. 

evolution of level, examined above a 

For example, for the same January temperatures in Leningrad 

ax « 5.9°> and the change in level from the end of the 18th Century 

was about 3.0°, hence a = 1.5° or 0.58a = O.720. Thus the total 
variability of terms of the series exceeds 5.4 times the influence 
on it of variations of the level. Contribution of the latter in the 
total dispersion will be, consequently, about 4#, which will cause 
divergence of the theoretical and actual values of ad only within 2#. 
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But the duration of observations at Leningrad is about 208 years. 

which gives 
>d 

= 4. Thus the divergence of theoretical and 

actual values of will lie wholly within the errors. 

All of this once again confirms the rationality of the use of 
criteria founded on the calculation of evolution from the initial 
level of the series, which is one of the principles of sequential 
analysis. This principle in qualitative from was used even in the 
criteria of Veynberg, which have, nevertheless, greater sensitivity 
than criteria founded on replacement of the series by the 
totality, i.e., founded on comparisons of dispersion with extreme 
terms of the series and of analogous procedures. Let us consider 
the application of the above-stated method of analysis of systematics 
of variation of January temperatures in Leningrad as the same 

example. For the given case a 

of quantity Dk is given in Table 5 

= 5.6°, 
D 

(10) = 1.75. The course 

Table 5 
Level of 
•Ignificant,^ 

1815—24 
1825-34 . 
1835-44 
IW5-S» 
1855—64 
1865-74 
1875-84 
1885—94 
1895—W 
1905-14 
1915-21 
1«?5*54 
1935-44 
1915-51 
1955-51 

1,94 
0,69 
1,41 
1,20 
1.71 
2,40 
1.01 
1,66 
2.01 
2,11 
1.38 
2,92 
0,97 
2,40 
2.80 

3,24 
49,02 

1.52 
2.1,0! 
8,73 
1.54 

30,30 
9.69 
0.H5 
3,49 
6,01 
0,35 

33.20 
1.54 
0.51 

LIn accordance with the 
established terminology, the 
sharper the distinction from 
chance are expressed, the lower 
the level of significance. 0b- 
viously, this is connected with 
the fact that in the term "level 
of significance" there is 
omitted its further continuation 
of "random phenomenon". 

The course of values B<í0> corresponds to the combination of 

aD<10) 
evolution of the level with random cycles. In accordance with this. 
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although the indicated relations increase with time, in their course 
great variations take place; for example, in the decade of 1895-1904 
the level of significance dropped to 0.85^; in the decade of 1915-1924 
the level of significance was raised to 6.01^ and again fell to 0.35* 
in the decade 1925-1934. Further, in connection with cold winters 
of end of the 1930»s and beginning of the 19^0's, the level of 
significance again reached 33.20#. The most outstanding (excep- 
Chance) warming was in the decade of 1925-1931*» indeed, and In the 
decade of 1955-1964 the level of significance was found close to 
its extreme value in the series (0.51V). Comparing d*ta °f T«rt>les 
4 and 3, it Is possible to see that the sensitivity of the proposed 
criterion was found to be approximately 30 times more than the 
sensitivity of the criterion of Veynberg. 

As will be shown in Chapter VI, by an increase in the period of 
averaging the sensitivity of the proposed criterion can be made 

even more considerable. 

In present work the connection of cyclic recurrence of 0,ar. 
variations in the series of temperatures with solar activity is also 
analyzed. The distinctive peculiarity of heliogeophysical 
connections is the fact that they do not always appear and by not 
fully set causes can from time to time even change the sign of the 
connection. It is difficult to distinguish such a complicated form 
of the connection from random coincidence cycles close in average 
duration, and the danger of acceptance in similar cases of fictitious 
connections for real ones was indicated by Slutskiy (1935). 

In the practice of investigation of the influence of solar 
activity on geophysical processes, there has long been used the 
probability distribution of certain phenomena by of the 
cycle, which permits considering statistical formsof the connection 
which are not even correlated. In this case it is expedient in 
chases of the solar cycle to disperse the extrema (or separately 
Km ind respectively) $f the course of temperature curves. 
If the connection is real, then there should take place natural 
grouping of the probability of singular points of the temperature 
curve with respect to phases of the solar cycle, and it remains only 
to check the level of significance of deviations from the average 

level in the given grouping. 

Let us assume that in m years of the solar cycle n cases of 
analyzed criterion are necessary. Then the probability of entrance 
of every case with the given criterion for a certain year of the 
solar cycle for chance of distribution of the given criterion will 
be eauaï to 1/m, and the average number of cases of combination of 
the given criterion with the corresponding year of the solar cycle 

will be n/m. 

Tests are important on: a) the irregularity of distribution of 
the criterion (extrema) with respect to the solar cycle; b) 
correlation of signs of the deviation in frequencies from probabilities 
within one phase of solar activity. A che°kJhe 
can be made in the following way. The P10^111^0^ or 
k times or more of the criterion on a concrete year of the solar 
cycle Is in accordance with the binomial distribution 
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(18) 

Since ni = il, the subsequent terms of the series, as a rule, 

rîinulL?fCffafe as c?™Pared to the preceding ones, and most 
of the fiÏLÎÎi™ PO?riÏÎe t0 vevHralted in (l8) by the flrst number 
?alíe ofT^w;,rJVhe Pf?ïabl}lty of the appearance of the large 

«Lí^??f!rve^ £ reality, is small, then this testifies to 
great probability of the nonrandom appearance of the given 
irregularity of the distribution of deviations of frequencies from 
probabilities. It is less profitable to make calculation determining 
o^, due to the asymmetry of distribution of deviations of frequencies 
m 

from probabilities, but at small Û it is possible to estimate the 

thebpoisson law^ certain 6rouPln6 of the criterion according to 

2(- ir 
>T» 

(19) 

where terms of higher orders, as a rule, can be rejected. 

fefpect t0 criterion "b" one should estimate the probabili¬ 
ties of the appearance of large or, conversely, very small (for 
example, zero) numbers of the Incidence of the criterion in a defined 
phase of the solar cycle. Then the probability of preserving the 

°f °ne S^fn arriving on several adjacent years of the solar 
thp1nrnHnr.+SB^nptivnv?f4& ch*nce of its appearance) will be equal to 
^«Pf0dUCtv0£-,probablllties of these anomalies are practically 
anUanomaly0bable, corresP°ndinS to the degree of probability of such 

/ A check in the stability of coincidence of extrema of smoothed 
(over five years) variation in temperature for 8Ó years at the station 

variiat?nnh?we? that î*1® coPhasal and antiphase relationships of the 
variation in temperature and solar activity are encountered 

of m0re ££eque?tly than those of the Intermediate values 
of shift phases. These distinctions are so important that thev 

tbe e*e&t Probability of the influence of sola/ 
n/î/Z the level of temperatures in defined regions. Examples 
of similar relationships are given in Chapter V of this work. 

Wo sh?uld be noted that in searching for similar connections 

isSfouïd îhp£ m«í+rlai •.iS c°nsidered» and until the sought connection 
£pm£?ilB^4-?hen,J-natur?llyi thero can be revealed very unlikely 
peculiarities of secular variation caused by action of random 
factors. However, if the tendency toward grouping of extrema is 
preserved in all cases, this will be an additional argument in 

of heliogeophysical connections, since with 
their accidental appearance the relationships of phases of 
variations in temperature and solar cycle should be arbitrary. 



CHAPTER III 

PERENNIAL VARIATION IN TEMPERATURE AT DIFFERENT PARTS OF 
THE EARTH FOR PERIOD OF INSTRUMENTAL OBSERVATIONS 

1. Basic Results of Investigations of the Change in 
Air Temperature “—- 

» J-.??3'11*8 exPounded in Chapter I of the Investigation of variations 
of different elements of climate indicate, on the one hand, the 
necessity of such information and, on the other hand, shown the 
limited possibility at present of using data on variations of the 
majority of basic meteorological indices without risk of obtaining 
disorienting results. Data on air temperature, one of the main 
climatic elements, suffer to a lesser degree from the deficiencies 
in observations mentioned in Chapter I, are comparable (with the 
appropriate climatological analysis) in scale of the entire Earth, 
and are at a great number of points. All of this is the reason 
air temperature is used as the basic index for investigations of 
variations in climate of large territories. 

In the last two decades a number of works has been published 
devoted to the investigation of variations in temperature in a scale 
the entire Earth (see introduction). Let us give a brief survey of 
the results of these investigations. 

Soon after termination of the Second World War there was published 
the investigation of Ye. S. Rubinshteyn (1946) on the presence and 
character of changes in climate, mainly one of its most important 
elements, air temperature. Investigations were conducted basically 
for the territory of the USSR, but in individual cases for revealing 
interrelationships data were used of certain stations of the 
northern and southern hemispheres. Analysis of the moving 10-year 
averages of annual temperatures (up to 1940) showed the presence of 
considerable variations, their coordination in large territories and 
a noticeable tendency toward lowering on the greater, part of the 
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northern hemisphere (north of i)0° n. Lat.) in the last 10-year 
period, with the exception of North America where according to the 
data available then warming was not revealed. 

Analysis of variations in thermal conditions in separate months 
for stations of the northern hemisphere and 10 stations of 
southern hemisphere showed that warming is basically caused by the 
increase in temperature in January, November and December, and 
furthermore, the amplitude of variations in the winter months are 
considerably greater than those in summer. The absence of synchronism 
is clarified of vaiiations between regions of Iceland, Western 
Greenland and northwest USSR, despite the fact that in these regions 
warming was the most noticeable. 

Lysgaard (19^9), in his investigation, conducted a detailed 
survey of works on variations in climate (more than 500 names) and 
gave a picture of the change in temperature in January, July and 
on the- average for the year on Earth, using data of all stations 
having a long series of observations prior to 1940. He, just as 
Ye. S. Rubinshteyn, showed that warming in January was the greatest 
in Greenland and on Spitsbergen, and to the south warming decreased 
or did not appear at all. In part of the southern hemisphere, 
especially In Southeast Asia and Australia, in January a lowering 
of temperature was observed. In Ju.iy the greatest temperature rise 
took place In Finland, Northern Scandinavia, the central regions of 
Canada and the United States, and a so in Australia and South 
America; a decrease in the July temperature was observed in Central 
and Southern Asia. 

A year later there emerged the work of Willett (1950), in which 
he tried to estimate the total planetary temperature tread, using 
data of observations of about 100 stations located for the most 
part in the northern hemisphere during the period of 1880-1939. For 
investigation Willett applied the method of zonal averaged temperature 
trends. 

Zonal integrated trends were determined by means of calculation 
of differences between consecutive 5-year mean temperatures for 
stations distributed as far as possible evenly over the earth's 
surface. Then the obtained differences were grouped by 10-degree 
latitudinal belts and were averaged for every belt; integral sums 
of these averaged differences were accepted as a measure of the 
change in temperature between consecutive 5-year periods in the 
given latitudinal belt. Such a method, in the opinion of Willett 
reduces to a minimum the influence of heterogeneity of the series of 
observations at certain stations. Mean trends — planetary and by 
hemispheres — were established by the corresponding weighted 
averaging of data of 10-degree latitudinal belts. 

Willett found that from 1885 there was observed a considerable 
tendency in the increase In winter and annual temperature, which is 
unequal over different parts of the planet. A tendency of temperature 
rise was about 1°C in winter and about 0.5°C as an average for the 
year, where it is more clearly expressed in the high’latitudes of 
the northern hemisphere; in the polar latitudes of the southern 
hemisphere the presence of a negative trend is assumed. 

-53- 

«Mm 1 

tÉËMttÉÉMattttattia iHIl lillt'b.tSMiÜhlilililiiLiii i .lili 1 



Mitchell (1961, 1965) continued the investigations of Willett 
in mnvp extensive (over 200 stations) material# augmented by 
obeervation^ofthesubsequent 20 ye¿rs. This gave to the poselhlllty 

to ascertain the presence of the planetary trend of 
In the 1940‘s changed sign, l.e., there began a temperature drop, 
although In certain regions the temperature rise 
With this regions of especially Intense warming prior to the 194 
turned out to be regions of a rapid temperature drop in subsequent 

years. 

On Pig. 5 a graph is reproduced from this work of Mitchell, 
denicting the trend of mean annual and winter temperatures in the 
northern and southern hemispheres. On graph there is seen good 
coordination In the course and magnitude of change of the mean 
annual temperature (about 0.4°C for 60 years) In both hemispheres, 
in the winter oeriod the magnitude of the trend in the northern 
hemisDhere (0.5°C) exceeds more than twice that of the trend in the 
southern'heralsphere* ( 0.2°C). Especially 
in annual temperature in the tropics (30 N. Lat. to 30 S. Lat.), 
which had the same order (0.5°C for 60 years), as that for the 
hemispheres. On the whole the method of determination of zonal- 

integrated trends applied and Mitchell is c°rr®c^' ^ . 
obtained results, as Mitchell showed, have sufficient statistical 

significance. 

However, as Mitchell himself notes, zonal integrated trends 
cannot be representative for all longitudes inside the latitudinal 
zone Maps constructed by Mitchell of differences in ann'Ja,J- 
winter temperatures for consecutive 20-year (1920-1959 and 1940-1959) 
ïnd 10-year periods (1940-1949 and 1950-1959) showed, how Poorly 
the planetary trend is correlated with trends in separate geographic 
regions. It was possible to judge this from results of preceding 
investigations of Rubinshteyn, Lysgaard, Prohaska and others, who 
indicated the different character in variations in climate in 

various areas of the Earth. 

Simultaneously with that of Mitchell, Callendar (1961) published 
an investigation on fluctuations in temperature and th«i|;rt^re^df.on„ 
the EarthT He used data on mean annual temperatures of 400 stations 
on the Earth prior to 1950 averaged by moving 5-ye&r Perdods¿ .. 
Deviations from the mean for the period 1901-1930 were used by him 
for calculation of trends of fluctuations in temperature of 
individual countries or regions; the weighted means (acc°rd^n6 
area) for these regions give zonal or planetary trends of fluctuations 

in temperature. 

• As a result Callendar, similar to Mitchell, arrived at conclusion 
about the general trend toward the increase in temperature from the 
Arcticto $58 S. Lat. Results of investigations of the planetary 
trend of Willett, Mitchell and Callendar in general 
anite of the different approach to the estimate of zonal and planetary 
trends; this is clearly shown in Table 6, taken from the work of 

Mitchell (1965). 
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Despite the fact that in the examined 
works differences are given of mean annual 
temperatures for not fully coinciding 
j50-year periods and latitudinal zones, 
the magnitudes of these differences well 
enough agree and indicate a general trend 
(from 60° N. Lat. to 50° S. Lat.) toward 
warming in the last (up to 1950) 30-year 
period. 

Pig. 5. Trend of the 
change in 5-year mean 
temperatures in different 
latitudinal zones (after 
Mitchell). 1) 0-80° N. 
Lat.; 2) 0-60° N. Lat.; 
3) O-60O s. Lat. 

Similar results can be of great 
Importants in the solution of many 
problems of the theory of climate and 
causes of its variations, if the trends 
of fluctuations in heat balance of the 
atmosphere are determined and vertically, 
i.e., in three measurements. 

However, just as the mean annual 
temperature conceals peculiarities of 
the distribution of it in seasons of the 
year, the planetary trend of fluctuations 
of temperature camouflages their great 
diversity in various areas of the Earth. 

+ _ „ Investigations of fluctuations in 
fof, every month of the year show how they can differ in 

lud^the^KSit* T5eSffoie' for examPle> it is impossible to 
^ character of fluctuations in temperature in the winter 

frequently^annear siTier, in July' although these months most 
seasonsof ?heyear? investieatlons as representatives of main 

connection with this it is expendient to investigate 
variations in temperature by mgnths_.of the year for the whole Earth 

actual Picture 

iowled 
)OSS 

.n temperature and 
an: 

is 
leses on causes var: .ons 

Zona 

Planetary 
Moderate north 

Tropical 

Moderate south 

60 N* Lat* *50° S* Lût* 
60° H. Lat*-25° N. let. 

25° N. 

25° 3. 

Lat* «25° S. Let. 

Lat*-50° S. Let. 

40. U 

♦0.70 

+0.31 

♦0.25 

After Wilatt end 

60° N. L , _ lat.-50® S. 
60® ». Lat.-30® ». 
60® ». Let.-20® ». 
30® ». Let.-30® 3. 
20® ». Let.-20® S. 
20® S. Let.-50® S. 
X1® 3. Let*-50® 3. 

Let. 
Let. 
Let. 
Let. 
Let. 
Let. 
Let. 

^ "5 tor 18Ä-1920 end 19a-1950, end the detê of 
•tt and Mitchell for 1890-1919 end 1920-191*9. 

♦0.37 
♦0.61* 
♦0.57 
♦0.35 
♦0.39 
♦0.10 
♦0.08 
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In the following section of this 
to the investigation of variations in 
and for the year according to data of 
stations of the Earth. 

chapter results are given 
temperature for all months 
continental and Insular 

2. Method of Analysis of Data and the Form of Its 
“resentatlon 

As a result of investigations conducted at the Main Geophysical 
Observatory (Rubinshteyn, 19^6» 1956; Polozova and Rubinshteyn, 19o?) 
of variations in air temperature, there has been accumulated 
extensive data containing a series observations on temperature 
analyzed from the point of view of homogeneity, and graphs of 10-year 
mean monthly temperatures for all months and the year at 2|t0 stations 
of the Earth.1 This enormous graphic material (over 3000 graphs) 
was possible to systematize, considering that considerable variations 
in temperature, caused by atmospheric processes of large scale, 
spread over considerable territories* as was shown even in the firs 
work of Rubinshteyn (1946). 

With a comparison of graphs of the variation in temperature 
in hifch and moderate latitudes of the northern hemisphere there is 
distinguished a series of rather extensive regions, inside of which 

erature In broad terms are synchronous durin, 
¡atedperiod of the observations (basically during 

years). In lower 

the 

, «i nwc ooserva-*— --- -- . 
arther south than' "5ü-350 N. Lat.) latitudes 

variations in temperature are less considerable, and as a rule, are 
non-synchronous, so therefore it is possible to examine here only 
a general trend of the change in temperature at selected stations, 
about which will be discussed further. 

Since for the investigation of variations in temperature there 
are used, as a rule, only stations with long series of observations; 
naturally, in Europe one region covers up to ten stations, while 
in other parts of the northern hemisphere one region of the same area 
is united by a smaller number of stations. 

It is understandable that between regions of synchronous 
variations in temperature there cannot be clear-cut lines; these 
regions are divided by sections of the transition type of variations 
This is revealed where there is a dense network of stations. For 
example, in January between regions of Northern and Southern Europe 
(without the western seacoast) there is a zone which is intermediate 
between these two types of variations (approximately along 54-5o 

N. Lat.). 

Separating regions of synchronous variations in temperature is 
not only important essentially, but it also considerably facilitates 
the problem of presentation in this work of results of the 
investigation of variations in temperature on the Earth. 

1Data were used from the beginning of continuous observations 
up to i960 and where there were data up to 1963 and 1964. 
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The fact is that graphs of perennial variations in temperature 
are a form of presentation of data on the character of these 
variations but are not illustrative material. However, the placing 
in the present work of all 3000 graphs would burden it too much 
and considerably hamper the analysis of these graphs. 

The grouping of stations by regions of synchronous variations 
makes it possible to give curves of the variation in temperature of 
one or two datum stations, as which stations with sufficiently 
uniform prolonged series of observations for each region are selected. 

3. Regions of Synchronous Variations in Temperature 
(Northern Hemisphere) 

of 

A list of stations, united into regions of synchronous variations 
temperature,1 is given in Table 7. 

In the first column of this table the number of regions is 
given. Numeration was produced from west to east starting from 
northwestern Europe. Borders of the regions are changed depending 
upon seasons and even months of year, and therefore in the line of 
every station of Table 7 for every month there is entered the 
number of region in which station is found at different months 
of the year.5 If two figures are in series, for example, in February 
Berlin 2, 3, this means that the curve shape of variations in 
temperature was intermediate between characteristic curves of regions 
2 and 3, i.e., Berlin is in a given month in the transition zone 
between these regions. In certain months one region, according to 
the character of the variation in temperature, is divided into two 
subregions or more; in these cases in series with the number of 
region are placed the letters a, b, c; for example, region 1 in 
May has two more subregions, la and lb; region 3 in April, 3a and 
3b, etc. Sometimes in Table 7 near their number there is the 
asterisk sign (*), which designates insufficiently good coordination 
of the variation in temperature at the given station with the 
variation at the datum station of the region. 

If the variation in temperature at some station, in general, 
did not coincide with the variation in temperature weather in given 
region nor in a neighboring one, then in Table 7 a line was given. 
Datum stations in the table are given in italics. As can be seen 
from Table 7. almost in all the regions are separated stable "range 
of operation" of synchronous variations in temperature around bench 
mark stations in all months of the year and peripheral for the given 
region of the station, which according to the type of variations 
at different months pertain first to their own region, then to the 
neighboring one or have a transition type of variations. 

Subsequently, for brevity we will call these simply regions. 

2It is necessary to emphasize that the number of the region is 
preserved for all months of the year, but this does not indicate 
synchronism of variation in all months of the year; in all the 
the analyzed data there was not one case of synchronism perennial 
variations even in adjacent months of the year. 
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Table 7* Regions of Synchronous Variations of 
Mean Monthly Air Temperature 
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Table 7. Regions of Synchronous Variations of 
Mean Monthly Air Temperature (Con'tj 

L« C 

m z a u 

(h)* 

(09 

(J)10 

(k)ll 

(1)12 

(m)13 

(n)M 

(°)M 

(p)w 

(q)ir 

Stations 

TtMKëHC* . 
Ta9«0'Caac 
Cyptjff. . 
TO&MfcC« • 

?.K*i : 
Tomcm . . 
Bvpntítf* , 
Khpvhck . 
ItpKyrcM . 
O.IfKMHNCK 
/Karnstca . 
KRK'np . . 
D«p.<UNHCN 
ftKyuK , . 

Bh.1R)MCK . 
CprJtHCMO,iy«CK • 
O. KoTfÁlMfUK . 
o. Merup«jict 
o. BpiNrcjm . 
¿'j.irN . . . 
AHa^Mpa . . 
IlHKO.ILCKDf .,., 
fJtlptntíê.UHC* • KtM* 

WCKUÛ 
KanwH . 

Omtck . . . 

• # a 

• • • 

Ann . 
A. irKcaNApoac«'Ha 

CaRa*iHNff , 
BoNNaa . . . 
B. ia ro mim* Ne* . 
l<HK0J1JC>CK‘Na-AM)r* 

EVuamnocto« 
HrpMHNCNHH 3aao 
Bjppoy . 
auycim , , 
TyA-Xoyn . 

TaNana 
ttfpficNKC . 
Hon. 
Kaak«. . . . 
CuTKã .... 
^attXaptep . 
Muvcer.... 
BuKtOpUM . . . 

SoftCH .... 
iftx-AMMt.urt . 
CiH-AMero . , 
3.ik (laco . . . 
K)nj .,,, 
MycoNN. • 
BuHHMti . , . 
Omumû ..,. 
Kk«t 3fiiie« , . 
UlfpHANN , , , 
3 J MONTON 
A Maputo 

• • • 
• * 
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The stablest range of operation of synchronous variations is 
distinguished in all months of year in these regions; 1 - 
northwestern Europe, 2 - Great Britain and northern Prance, 5 — 
Transcaucasus and Caspian Sea regions, 6 — south of Central Asia. 

The presence of a stable range of operation in the area of 
which variations in temperature are synchronous in each month of 
the year during 70-80 years is caused perhaps by the stability of 
the space localization of influences causing perennial variations 
in temperature in these regions. On the periphery of such regions 
the intensity and directivity of influences are changed, which 
leads to a migration of stations, i.e., to the adjoining of them 
by form of variations first to one, then the other region. 

Influences directly causing perennial variations in temperature 
can be in the first place peculiarities of circulation of the 
atmosphere; and stable regions of synchronous variations are nodal 
regions of trajectories of such influences. With any directivity 
and intensity of them they pass through these nodal regions during 
the period of the entire period of observations. 

At. 

—i -—4 

Fig. 6. Moving 10-year mean 
temperatures. January. 1 - 
Kiev, 2 — Vienna, 3 — Lugansk, 
4 — Octyabr'skiy Gorodok. 

It is necessary once again to emphasize that the variation in 
perennial variations in temperature at various months has the most 
diverse form, and in one not region are there two neighboring 
months in which variation would be identical. Even greater 
importance is the space stability of variations in .considerable 
territories; this to some degree facilitates the still unsolved 
problem of the investigation of causes of variations in temperature 

1 
I 

I 
• * 



Table 8. Coefficients of Correlation Between 
Moving 10-year Mean Temperatures for the 
Period I88I-I960 Station Kiev and Other 
Stations 

Vilnius Vienna 
1 

Sofia 1 Odessa Luganik Ootybr 'ikiy 
Oorodok 

Orenburg 

1 
VII 

0.76 

O.G* 

0.65 
0.K1 

0,64 

0.75 

0.77 

0.0.» 
o.uo 
O.Mi 

0.01 

0.*7 

0.M» 
O.mJ 

lí'MSüü 1 

and the setting of their trends. 

From Table 7 it is possible also to see that on seacoasts of 
the Pacific Ocean regions of synchronous variations in temperature 
are actually not separated. Here weak coordination is observed in 
the course of temperature even between not too remote stations as, 
for example, Okhotsk and Ayan, Petroplavlovsk-Kamchaskiy and 
Klyuchi, Kodiak and Sitka and Victoria and Masset. This, apparently, 
is connected with peculiarities of circulation in the frontier areas 
of monsoon regions of moderate latitudes (this pertains to the 
first two pairs of stations) in combination with great distinctions 
in the form of relief and possibly with the quality of observations. 
This question requires further investigation. 

In finishing the analysis of the table of regions, let us 
illustrate the synchronism of variations in temperature in region 
3, combining graphs of moving 10-year mean temperatures at main 
stations of the region for January and July (Fig. 6). On this 
figure general features are quite distinctly expressed in the 
perennial variation in temperature at stations distant from each 
other by thousands of kilometers. 

The relationship between 10-year mean temperatures of datum 
and other stations of the examined region is expressed by the quite 
high coefficients of correlation, which are given in Table 8 for 
several stations of region 3. 

: 

r 

As calculations showed, coefficients of correlation in January 
and July are, as a rule, one order, although the amplitude of 
variations in temperature in winter is more considerable. 

Subsequently, it is assumed one most obtain quantitative 
criteria for more precise definition of borders of regions in all 
months of the year. 

Analysis ofthe Variation in Temperature in 
Regions ot Synchronous Irariations 

si 

Ft es 7-19 give graphs of moving 10-year mean air temperatures 
for bench mark stations of regions distinguished in .the northern 
hemisphere. Knowing what interest for numerous researchers of 
variations in climate there is in such data, we set the graphs for 
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all months of the year. As a rule, stations were used with series 
of observations of 70-80 years, but where the series were longer 
data were used from the beginning of continuous observations. In 
regions, of few observations, as an exception data of stations with 
50-40 year series of observations were used. 

With the setting of borders of regions sometimes there were 
used series with a disturbance of homogeneity, if the form of curves 
of variation in temperature of such stations differed little from 
the curve of variation of the bench mark station. 

Prom the stations enumerated stations used in every region, on 
the graphs (Pig. 7-19) moving mean temperatures of 32 datum 
stations are represented. One should note that on the figures the 
order of the location of the stations somewhat changes from month 
to month depending upon community of trends in variation in temperature 
in different regions. 

Year. An analysis of perennial variations in temperature is 
expediently started from the consideration of annual quantities as 
resultant and giving presentation about the general trend of 
variations in temperature. One should not forget, moreover, that 
the peculiarities discussed below of variation in temperature of 
bench mark stations pertain to all stations of the region. 

In examining of Pig. 7a-7d it easy to note the well-defined 
trend toward the increase in temperature at stations of high 
latitudes (60-70 N. Lat.) from the beginning of the observations 
(for the most part since I881), and according to data of Leningrad, 
for example, where there is a continuous series of observations 
since 1Ö05, the increase in temperature started from the middle 70's 
of the last century. The most intense warming was observed in the 
northwest part of Greenland (Upernavik). Here even the smoothed 
over a 10-year mean annual temperature for 45 years was raised 4°. 
Culmination of warming was observed in the beginning of the third’ 
11927-1-930] decade of the 20tn century" ‘rnis is the earliest date 
of the change m tne sign or the annual trend in high latitudes of 
the northern hemisphere. In subsequent years level of variations 
in temperature dropped prior to i960. As was already noted in the 
work of Polozova (1963), in the eastern half of the North Atlantic 
(Skomvar, Tondheim, Jan-Mayen) the greatest warming approached 
somewhat later (1929-1938), after which the variation in temperature 
shows a well-defined trend toward a temperature drop, but not so 
intense as with the preceding warming. 

Turning to an examination of variation in annual temperature on 
northern stations of the Soviet Union (from 60 N. Lat.), it is 
possible to note that at lenlngrad the peak1 of warming belongs 
to the same years as in the eastern part of the Atlantic. But 
further eastward this peak is displaced to later years. Thüs“at 
Turukhansk, the most eastern or STaHömTwrEE « long (at 
Yakutsk and Verkhoyanske there are many omissions in data on mean 

rPor brevity the peak of warming will be the 10-year period 
of greatest warming. 
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annual temperatures), the peak of the Increase In annual temperature 
Is noted In the decade of 1936-1945 (F1k. 7a). 

In the eastern part of Soviet Union in high latitudes there are 
not stations with a sufficiently long period of observations. But, 
judging by data of stations with comparatively short series 
(Srednekolymsk and Uelen), confirmed by data of sufficiently 
prolonged observations of the station at Nome (Alaska), eastward 
from Turukhansk the displacement of the peak in warming ceased, 
and at the stations mentioned it is noted even a little earlier 
(1954-1943). 

At Dawson (Canada) a peak of the Increase in annual temperature 
in the decade of 1936-1945 is again observed. 

The character of the lowering of temperature after the 
indicated periods of its culmination is similar at all stations of 
high latitudes with the exception of Leningrad prior to i960. In 
Leningrad the trend toward lowering is maintained from the decade 
of 1931-1940 to 1940-1949, after which the temperature anew started 
to increase. A secondary maximum is only 0.5° lower than the main 
one, and further temperature variation does not have a clearly 
marked trend. 

To the south of 60° N. Lat. in moderate latitudes at stations 
of Eurasia, from Greenwich to Barnaul, there is observed a tendency 
toward an Increase in annual temperature up to recent years (Fig 7c). 
Judging by stations with a long series of observations, the beginning 
of this stable trend in the western regions can be referred to the 
end of last century (Greenwich), and eastward this date Is displaced 
by earlier years (Kiev - 1870^3, Sverdlovsk and Barnaul - from the 
beginning of observations, i.e., the 1840's), but at Vladivostok 
the beginning of a stable increase in temperature again shifts to 
the beginning of the current century. 

One should specially examine the region with the bench mark 
station of Moscow. The configuration of the curve of variation in 
temperature here is very similar to the curve of Leningrad (Fig. 7a) 
up to the decade 1939-1948, after which the temperature in Moscow 
began to increase and in recent years (1936-1965) reached a level 
of the peak of warming of 1929-1938. Thus the variation in annual 
temperature in the region represented by Moscow unites the lines 
of two regions (first and fourth). As will be shown below, the 
variation in temperature in this region in different months has an 
intermediate, transitional character. 

Regarding the variation in annual temperature in moderate 
latitudes of North America, here there is not observed a general 
trend in variations in temperature of different regions as takes 
place in Eurasia. 

If the region of the eastern seacoast represented by the 
station New Haven, in form of the variation in temperature has common 
features with regions of high latitudes but with a shift of the peak 
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Flg. 7d 
Years. 

Moving 10-year mean temperatures 

of warming to 19^5-1954 (Fig. Td), then at continental stations 
(Omaha, Winnipeg) the peak in warming is illegibly marked or is 
quite absent. The same pertains to stations of the western sea- 
coast of Worth America. 

As was already noted earlier, the variation in temperature in 
separate months of a certain season of the year can greatly differ 
from the temperature variation in other months. Therefore the 
characteristic of the perennial temperature variation by seasons 
does not represent the distribution of temperature within the season, 
but is only a resultant, indeed, of more a detailed one than that of 
the annual. Optimum for investigation of variations in climate 
are the mean monthly values, which give a sufficiently detailed 
characteristic of the year by natural gradation and at the same 
time are not too small, which has great advantages during the 
investigation of them. 

Let us turn to the examination of peculiarities of the variation 
of mean monthly temperature in different months of year. 

January (Fig. 8a-8e). The most considerable variations in 
temperature are observed in the northwest regions of Greenland 
(Upernavik) on Novaya Zemlya (Malyye Karmakuly) and, apparently, 
on Spitsbergen (Barentsburg), a graph for which is not given due 
to the heterogeneity of the series of observations. The warming 
of the Arctic in these regions was the most intense. After a 
break in the course of warming the temperacure drops at the same 
rate (Fig. 8a), but recently still by far did not attain that 
level from which started its extremely rapid rise. 

In Upernavik the mean temperatures for the decade 1939-19^8 
10° higher than that for the decade 1907-1911j in Malyye Karmakuly 
the temperature for the decade 1937-19^6 is higher than that for 
the decade 1909-1918 by almost 9°* 

i: 
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Differences between 10-year mean temperatures of the order of 
6-3° are also encountered in Canada (Dawson, Winnipeg), the United 
States (Omaha), Soviet Union (Kazalinsk, Salekhard, Leningrad). 

With a whole variety of variations in temperature in different 
regions during certain periods, for example, from the decade 1918- 
1927 to 1943-1952 (the wave of maximum warming and subsequent sharp 
temperature drop), a community of large-scale variations from 
Trodheim to Salekhard (Fig. 8b) is observed; to this group adjoins 
the region of the eastern seacoast of the United States (New Haven). 
At the same time variations at New Haven mirror the oscillations 
in the adjacent continental regions of North America (Dawson, 
Winnipeg, Omaha) which one can see well from a comparison of Fig. 
8b and 8d. In Eurasia, to the south of 60 N. Lat., the general 
course of variations from Greenwich to Kiev is traced approximately 
from the middle of the 19th Century. With this the amplitude of 
variations, naturally, decreases westward (Fig. 8c). 

The community of great variations from Tbilisi to Tashkent 
is well defined. These regions are joined with Orenburg and partly 
Barnaul. Here intense warming occurred between the decades I886- 
1895 and 1911-192O; the difference in their mean temperatures was 
about 8°. After that at the same rate there occurred a temperature 
drop in the 10-year period of maximum warming in the high latitudes 
(1928-1937); the temperature reached the initial minimum. Frequently 
there is given the example of the mirror-like nature of variation 

* in temperature in January between Kazalinsk and Salekhard (Fig. 8b 
and 8c). However, this mirror-like nature is somewhat inaccurate: 

mean temperatures. January. 
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Pig. 8b. Moving 10-year mean temperatures 
January. 
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if in Salekhard even with considerable variations there is a trend 
toward an increase in temperature, then in Kazalinsk sharp variations 
occur near the mean level. 

In Eastern Siberia and the Far East variations in separate 
regions are heterogeneous in the absence of a definite trend. An 
exception is the region Turukhansk, where from the beginning of 
observations there occurs a steady oscillatory rise in temperature. 

In Northern America, as was already noted above, the general 
course of variations in continental regions is observed not in a 
latitudinal, as in Erasia, but a meridional direction (Dawson, 
Winnipeg, Omaha) with a decrease in the amplitude of variations 
southward (Fig. 8d). 

On the western seacoast of North America variations are 
observed near the mean level, with the exception of the region of 
Sitka, where variations are synchronous with those at Dawson, but 
a tendency toward warming at Sitka is more sharply marked. Of 
interest is the fact that at Uelen and Nome, divided only by the 
narrow Bering Strait, in certain months, and, in particular, in 
January, the variations in temperature are nonsynchronous. 

February (Fig. 9a-9e). Warming in this month occurred only in 
Greenland, and it was not as considerable as that in January. With 
the great amplitude in variations (Upernavik, Ivigtut) the 10-year 
mean temperature during 40 years was raised approximately 5°j 
attaining a maximum in the decade 1927-1956 in Upernavik and 1959- 
1948 in Ivigtut. After these years variations in temperature 
occurred at a level considerably exceeding the mean perennial 
(Fig. 9a)- On the eastern seacoast of the Atlantic, as one can 
see from Fig. 9a, there is no definite trend in the variations. 
An exception is the seacoast of Scandinavia (Trondheim), where after 
a maximum in the decade of 1905-191^ to the end of the period, the 
temperature descended more than 5°. 

In the territory of the Soviet Union from the beginning of the 
current century, the synchronism of variations in broad terms is 
traced almost to Irkutsk. These variation are of great amplitude, 
but do not have a definite trend. 

With a more detailed examination of Fig. 9b and 9c it is 
possible to establish easily that form of curve shape of temperature 
in regions of Western Siberia is slightly modified (for example, a 
deeper minimum in the decade (1925-1952) in comparison with the 
European territory of the USSR; but common traits of large-scale 
variations emerge very clearly. It is interesting to note the 
synchronism of .great variations at Kiev and Sverdlovsk, which is 
sustained during the total period of observations (about 120 years). 

Regions of high latitudes (Malyye Karmakuly, Salekhard, 
Turukhansk) differ by another type of variation with more 
considerable amplitude (up to 6-70) and clearly marked cyclic 
recurrence of the variations (Salekhard and Turukhansk, Fig. 9c). 
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ír11 ^e.nor1:heaft of Siberia ;(SrednekolymBk, Uelen) and northwest of 
North America (Nome* Dawson) the variations in contrast to January 
are synchronous, but in continental regions (Winnipeg, Omaha) the 
variations are the same with respect to Dawson (Fig. §d and 9e). 
Variations at New Haven are similar in form to variations at Omaha, 
but have a considerably smaller amplitude. In all three regions 
there is noticed a trend toward an Increase in temperature, sharp 
variations in the current century occur on a level considerably 
higher than those in the last century. In this respect regions of 
the central and eastern parts of North America are similar to the 
region of Greenland. Nowhere in the northern hemisphere was there 
observed a trend toward an increase in temperature in February. 

On the western seacoast of North America variations in 
temperature are insignificant and are not of interest (Fig. 9d). 
Subsequently, we will not dwell on an analysis of these regions, 
presenting them only in the figures. 

(Fig. 10a-10e). A trend toward an increase in temperature 
just as In February, is most clearly marked in Upernavik (Fig. 10a). 
Here approximately during four decades the mean 10-year temperature 
was raised 9° and attained the highest value in the decade 1928- 
1957, and in subsequent years (1951-1960) it dropped to the perennial 
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Fig. 9a. Moving 10-year mean 
temperatures. February. 
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mean. A weaker tendency toward a temperature rise was observed on 
all the coastal and insular stations of the North Atlantic with the 
exception of the seacoast of Norway (Fig. 10a). In the Atlantic 
regions of Western Europe (Greenwich) and Northern America (New Haven) 
from the end of the last century a small warming trend started 
(Fig. 10a and 10e). 

In the territory of the Soviet Union there were observed 
considerable variations in temperature near the perennial mean. 
Common traits in the course of temperature are noted in a smaller 
number of regions than in January and especially in February. One 
group of regions of synchronous variations is that of Leningrad, 
Moscow and partly Kiev, a second group is Malyye Karmakuly and 
Salekhard, and a third - Orenburg, Sverdlovsk and Kazalinsk (Fig. 
10b and 10c). 

In the central regions of North America the synchronism terms 
is noticeable between curves of Winnepeg and Omaha (Fig. 10e). 

(Pig. lla-lle). In Upernavik, against the background 
of a general trend toward an increase in temperature variations 
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mean temperatures. April. 

of considerable amplitude are observed. At Stikkisholmur this 
trend is also noticed, but the variations have a smaller amplitude. 
A slight rise in temperature is observed in the region of New Haven 

In the northern regions of the Soviet Union (Malyye Karmakuly, 
Salekhard, Turukhansk) the variations are synchronous and similar to 
variations in Upernavik, but are opposite it in phase. Such 
variations are of great duration and amplitude in the region of Nome 
(they are synchronous with those of Upernavik) and Dawson. Thus, in 
the high latitudes of the western and eastern hemispheres there were 
observed variations of the same order but opposite in phase (Fig. 
11a, 11b, and lie), with a common tendency of temperature increase. 

The synchronism of variations in the following groups of regions 
is noted: Leningrad, Moscow, Kiev - from the beginning of the 
current century; Sverdlovsk and Chkalov — from the end of the last 
century; Barnaul, Yakutsk, Srednekolymsk and Kazalinsk, Tashkent — 
during the whole period of observations (Fig. 11b, 11c). In all 
these groups of regions except the last, a certain tendency toward 
the rise of temperature. 

In the temperature variation of remaining regions of the 
northern hemisphere there is nothing remarkable, and therefore to 
dwell on them is senseless. 
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May (Pig. 12a-12d) Variations are considerable and are 
synchronous starting from the middle of the last century (Fig. 12a), 
Judging by the graphs of Leningrad and Kiev. In broad terms this 
is Joined by Sverdlovsk. In the course of the curves a slight 
tendency toward an increase in temperature is noticed. It is 
expressed in the northern regions to a greater degree (Malyye 
Karmakuly, Salekhard, Upernavik, Ivigtut, Nome) and also farther 
south in the region of Los Angeles. 

As can be seen from Pig. 12b, 12c and 12d there are regions 
with a well-marked cyclic recurrence (Barnaul, Winnipeg, Greenwich). 

June (Fig. IJa-lJe). Perennial variations in temperature and 
in summer months are rather considerable, but groups of regions with 
common tracts of variations include not more than two regions 
(Moscow and Leningrad, Pig. IJaj Torshavn and Trondheim, Fig. ija; 
Los Angeles and El Paso, Pig. ije). 

On Pig. 13a it is possible to note a certain community in the 
form of curves in regions of the North Atlantic (Torshavn), 
Scandinavia (Trondheim), Leningrad and Moscow. The deep minimum in 
the Atlantic in the decade 1921-1930 shifts to the southeast in the 
decade 1925-1934. (Moscow); a subsequent short-term rise up to 
1931-1940 occurred in these regions synchronously. But subsequently 
with synchronism of even small variations the trends in them are 
different, at Torshavn and Trondheim the temperature steadily 
decreases at Leningrad it varies near one level, but in Moscow it 
was increased noticeably. 

IJJJjJJJJJjjJIII i 

Tashkent 

Pig. 12a. Moving 10-year mean temperatures. 
May. 
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Even more noticeable is the tendency toward an increase in 

BaS)?re ln “estern Slberla (Sverdlovsk, Salekhard, íuruÜhañsk, 

America ^ n°te that on the western seacoast of Worth America there is observed good coordination of the varintinn 

at Í°s A"Sel« “<1 El Paso íroS ?L ïegSlng o? tie 
obiiríS UrLa¡!Í»!:i.erÍdent10,f venation for these aSnf is 
rZnmrïuî\ In^Up?n?f lk ^ intense rise in temperature occurred* 
»2 rïueiTio a^'t1^3 îe° tha "•<*» 10-^r ?^S„re 
reach the pe^lKVe^" “hÄrlÄg^eS 

ïSïStiant?LfSfetrh“ieiSiïï?Ure °f JUne al8° ^^Iderahly 

that (FiS:. lifa-^d) • Almost from the same 10-year period as 

Sneïnî^îUnemHther\befan an intense rise in temperature aï 
Upernavik. The peak of warming was observed in the decade 1931-1940, 
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Fig. 14a. Moving 10-year mean temperatures. 
July. 
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when the mean 10-year temperature was 1.5° higher than that of the 
perennial, and in subsequent years the mean 10-year temperature 
dropped to the level of the mean perennial. 

As can be seen from Fig. 14a, the same (in basic features) 
variation in temperature was observed in the northwest of Europe 
(Trondheim, Leningrad, Moscow) and in continental regions of North 
American (Winnipeg, Omaha). In all these regions the maximum 
increase in temperature coincides with the period of the greatest 
warming in the winter months. 

Warming of July is noticeable in regions of Los Angeles and 
El Paso, where almost prior to the last decade there was observed, 
as in June, a synchronous rise of temperature with noticeable 
variations. In the remaining regions a definite trend in variations 
of temperature was not observed. 

August (Fig. 15a-15c). Warming covers a greater number of 
regions than it did in July: from the beginning of the 19th 
Century the temperature increased in all regions of high and 
moderate latitudes of Europe, the North Atlantic and the eastern 
seacoast of North America. The peak of warming in Europe came 
earlier (1930-1939) > and in Iceland and on the eastern seacoast of 
North America it was later, about 19^4-1953. This warming was, for 
example, in Leningrad, the greatest for 150 years (1.5° higher than 
that of the perennial average). 

A noticeable increase in temperature occurs almost from the 
beginning of instrumental observations in the whole territory of 
the United States (Winnipeg, Omaha, Los Angeles, El Paso). In the 
two last regions during three summer months coordination of variations 
and a noticeable temperature rise are observed. While in months of 
the year the variation in temperature in these regions was quite 
different. In Greenland there is an insignificant tendency toward 
warming. 

September (Fig. l6a-l6d). All over Europe there is noticeable 
a slight trend toward an increase in temperature from the beginning 
of the 20th Century approximately up to the the decade 19^5-1954, 
after which in the western part of Europe the temperature continued 
insignificantly to vary near this level (approximately Io higher 
than that of the mean), and in the territory of the Soviet Union 
it began rapidly to descend and in recent years reached the perennial 
mean. 

Common features in the course of the temperature are already 
noticeable in considerable territories: in Europe and Trans-Urals 
in five regions (Leningrad, Kiev, Moscow, Sverdlovsk, Orenburg); 
in the Northern Atlantic in four regions (Upernavik, Ivigtut, 
Stikkisholmur, Torshavn); in the continental part of North America 
from the first decade of the 20th Century the level of variations 
insignificantly decreased (Omaha, Winnipeg), but on the eastern 
(New Haven) and especially in the western seacoasts (Los Angeles) 
it noticeably increased. In Los Angeles, for example, the increase 
in mean 10-year temperatures is about 3° for 60 years. But in 
contrast to summer months, in September the synchronism of variations 
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Fig. l6d. 
September 

jV 
Moving 10-year mean temperatures 

in Los Angeles and El Paso is observed no lor.ger 

October (Fig. 17a-17d). In this month there are already 
observed considerable variations similar in common features the 
whole territory of Eastern Europe and Trans-Urals. The great 
amnlitude of variations is observed in the middle belt (Kiev, 
Orenburg? Moscoî, Sverdlovsk). If in the first two more southern 
regions6variations occur near the level of the perennial mean 
temperature, then in more northern regions there is a weil-marked 
trend toward an increase in the level of variations. At Kie , 
having aperies of observations of over 150 years, there is clearly 
exoressed the cyclic recurrence of variations. In Western Europe 
thereSis<a trend toward an Increase In temperature. Variations 
nf créât amolitude are observed in Western Siberia (Salekhard, 
?SrKnsk?Pii™ul)( where In the current century the mean level 
of variations is higher than that of the perennial mean. 

in the extreme northeast of the Soviet Union and northwest of 
North America the considerable warming of October, observed 
annroxlmately up to She decade 1936-1945, was changed by an Intense 
omnipresent temperature drop from õrednekoiymsktoDauson. This Is 
expressed somewhat weaker in the southern regions of Canada 

(Sitka and Victoria). 
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Fig. 17a. Moving 10-year mean temperatures. 
October. 

temperatures. October 
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In the remaining regions of North America, from the end of 
the last century there is observed a considerable increase in the 
level of variations in temperature at New Haven, having a series 
of observations of over 150 years, and this increase in temperature 
is traced even from the middle of the 19th Century. 

Considerable synchronous variations are observed in regions of 
Iceland (Stikkisholmur) and Faeroes Islands (Torshavn), which do 
not occur in all months of the year. 

November (Fig. l8a-l8d). For this month there is characteristic, 
together with oscillations of great duration and amplitude, an 
extreme variegation of curve shapes. This conditions the presence 
of synchronism of variations between regions only in comparatively 
short periods (3-4 decades). 

In the European territory of the USSR and Trans-Urals from 
the end of the last century up to the decade 1922-1931_(in Leningrad — 
up to 1929-1938) there is a trend toward the increase in temperature, 
after which the trend changed sign and prior to the 1960’s there was 
observed a considerable drop in temperature, but in recent years an 
increase again. In Tashkent from the beginning of the century the 
level of variations in temperature continuously drops. 

An especially intense warming in November was observed in regions 
of Malyye Karmakuly and Salekhard (Fig. l8b). In Salekhard the 
mean 10-year temperature during approximately five decades was 
raised almost 9° and attained a maximum in the decade 1935-1944, after 
which was observed such an intense drop in temperaturej however the 
temperature still did not reach the initial (the lowest) level of 
the I88O's. 

A type of variation similar to that described above is observed 
in the regions of Turukhanska, Barnaul and Yakutsk (Fig. l8b). But 
here the maximum of warming is approximately a decade earlier, 
and from the decade 1944-1953 a rise in temperature started anew. 

From the 1870's November in the region of New Haven warmed 
greatly (Fig. i8c). After a low temperature level in the last 
century with two deep minima (2.5-3.0° below the mean) from the 
decade 1866-1875 the temperature increased with insignificant 
variations and in recent years has held even 1° higher than that of 
the mean perennial. Such is the trend of variation in temperature 
in the region of the North Atlantic (Ivigtut, Stikkisholmur). In 
Upernavik from the 1890^3 the temperature increased with great 
variations. The maximum in the course of the temperature was in 
the 1930's. In regions Winnipeg and Omaha considerable variations 
were observed at the end of the last and in the beginning of the 
current century, and in the last four decades the variations are 
little (Fig. lad). 

December (Fig. 19a-19e). Just as in January, there was 
extremely intense warming in the regions of Upernavik, Malyye 
Karmakuly, Turkhansk, where the peak of warming in Upernavik was 

99' 



{ 

! 

i; ; 

• ♦ 
i s < I 

üü i :»pwniwiwinwuwn»iwiwiiw>iw^'w^ 

». flÜi 

Fig. l8a. Moving 10-year mean températures. 
November. 
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atures . November. 
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Pig. 19c. Moving 10-year mean 
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Fig. 19d. Moving 10-year mean temper' 
atures. December. 

Fig. 19e. Moving 10- 
year mean temperatures 
December. 

observed earlier (1926-1935), and the most intense position of the 
temperature occurred at both stations synchronously and, as it is 
possible to judge according to Malyye Karmakuly, continues up to 

recent years. 

In the southern part of Greenland (Ivigtut) the rise in 
temperature was more moderate, and a maximum was observed even later 
(1938-1947) than that at preceding stations (Fig. 19d). 

The synchronous course of temperature in regions of Iceland and 
the Faeroes Islands in broad terms is more similar with the course 
of it in Upernavik, but the amplitude of variations here is a few 

times less. 

There is a completely different character of variations in the 
territory of Europe (from Greenwich to Moscow). Here there were two 
peaks of warming ln 1909-I918 and about 1946-1955 (Fig. 19b). To 
this group of regions can belong the region of Salekhard, but here 
the temperature drop after 1944-1953 is more intensive and in the 
last 10-year period the temperature attained the lowest level, from 
which in the 1880's warming began. 
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warming ln,Dfce^eri as ^ the majority of the months, 
1s observed in the eastern seacoaat (New Haven). If one 

the?? K?eatrIimna if1®; anK 19di then “ is Possible to note 
extremfl? ÍJSi1 ity+ln N?ve?Jber and December, which is noted 
decide Î?6ÏÏÏ87P*thp?f aS in ^ovember> after a deep minimum in the 
thidlcade 187? ?C^rred a rapld ln temperature and after 
De?e^î?î avera^ variations occurred on a level exceeding the 

Í°Í\Ü;:W ^av®n we are limited to an examination of variations for 
thi?°d observations common for all stations, i.e., from 1881 

SSe? Int ftra£ou?5eHalln\0f the mfan Per®nni¿l ^úíd piss 
and foold have been possible to ascertain that in 

theeS ÎSetUally 

the series with calculation of the perennial average if îtfl f 

lnClUde -^auonfii^ 

varia?L^niSetc»SrItr™e‘=ce °f ^^onoua 
atmospheric processes domina-.. . It íf taoíí îtet üS^uroõe^uíh16 
í.fr^fy ^ heat transfer from the ocean ! tie LmScTÕf Se 
Atlantic. Here there are distinguished two large regions of 
synchronous variations in temperature covering several thousand 

latSiroi^Æ^JeSÂ^Se^^n^h^oî^LS^^r0 
rL^e^lÄgr^S ifíe iftM Î f í ‘S™aUO" 
intensifying with this the infiuefe of Kcïï fÎdîïloïï III „f 

varlécitP^i?11^' in.some degree determines the comparatively1 
variegated picture of variations in temperature in reíions of 
Central and Eastern Siberia and also the Far East? 

peculiarities orographic and circulatory 
* ’ th influence of the Pacific and Atlantic ocean^ is 
fariai™ JiS^^^^ooasts^en^the 

oi ^rrf^^^^^^^^^^^^^hhftfthfcontinentafparf60 

veriatlonsff limSed ïof^aSîîff sS/^iíf. SynChr0ntS“ 0f 

Analysis of Changes in Temperature in an 
of th< Unreglonallzed territory 

Hemisphere 
ie Northern 

northpí ÂÍïfaÄe'f^tffÄf» flat . 
let us give graphs of the variation in temperature for all mo?th¿ 
and the year according to certain stations with the most uniform 
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serien of observations. 

Figures 20a-20f give curves of the variation in temperature 
for certain stations of the southern part of Asia. The densest 
network of stations is in Japan. Synchronism of the variation in 
temperature is observed in ail months of the year on a great part 
of the territory (except the northern); a representative of this 
region is the station Sakai, and for the northern part (Hokhaido) - 
the station Nemuro. With a general distinction in the character of 
variations in temperature at stations Sakai and Nemuro in certain 
months of the warm half of the year (April, June, August, September) 
variation in these regions are synchronous. In individual months 
of the year there is not observed here any secular trend. But in 
the last two decades (up to i960) the warming of almost all (except 
June and July) months, especially the winter (Io and more), is marked. 

A general increase in mean annual temperature in the decade 
19^8-1957 is indicated by Yamamoto (i960), and Aracava (1961) 
considers the contemporary warming in Japan, which agrees with 
the increase in temperature for the entire Earth, indubitable. 

In the territory of China for investigation there were taken 
data of the station Shanghai, which has the longest series of 
observations. Here in almost all months of the year (except January 
and June) there is a well-defined trend toward warming from the 
end of the last century, but in the last decades a temperature drop 
began (in Japan - warming). 

From the published investigations it was not possible to obtain 
more detailed information about variations in temperature in China. 
It is possible to cite only the data of Duan' Yue-Vey1 (1964) about 
a rather high positive correlation (r = 0.84) between the winter 
temperature of Asia and Europe but a negative one with North America. 
In the summer the correlation of temperature of Asia with the 
temperature of Europe is positive, and with the temperature of 
the Atlantic it is negative; with temperature in regions of the 
Pacific Ocean and North America the correlation is close to zero. 

In India variations in temperature are small, but a secular 
trend toward warming is noticeable, especially in the winter months, 
and even in mean annual values (Fig. 20f). An analysis of data of 
the soil temperature in Bombay (at a depth of 60 inches), performed 
by Ramdas and Radjagopalan (1963), also showed a clearly expressed 
trend for all months toward a temperature rise during period of 
observations (from I879 to 1925). 

Of all the countries of the Near and Middle East (except the 
United Arab Republic) it was possible to cite data only of the 
station Nikosia (Cyprus Island), where the series of observations is 
more or less uniform. As can be seen from Fig. 20, there are 
observed here insignificant variations near the mean level. 

1This Chinese name is transliterated from the Russian. 
[Trans. Ed. Note] 
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It should be noted that data cited at the Rome symposium 
(Rosenan, 1963) on variations in temperature in the Near East are 
based on very nonuniform series of observations (Beirut, Alexandria, 
Cairo, Jerusalem). Although the author makes reservation about the 
low degree" of homogeneity of the initial data, he still considers 

it possible to use them, referring to the coordination of trends 
and the identity of the sign of their change from station to station 
according to their geographic position. 

One should refer to such kind of data with great caution, since 
with the insignificance of variations in temperature the role of 
heterogeneity increases, and it is possible to reveal false trends. 

On Pig. 21 curves are given of the variation in temperature 
of stations located in the examined latitudinal zone on islands of 
the Atlantic and the Pacific Oceans. These curves indicate the 
evident increase in temperature at Funchal (Madeira Island and 
Honolulu, Hawaiian Islands) in January and July. Such a trend in 
the variation in temperature is noted on islands of the Caribbean 
Sea (San Juan, graphs are not given here). But on the most northern 
islands of this zone - the Azore (Fonta-Delgada) - variations near 
the mean level are very Insignificant, and a trend toward an increase 
in the level of variation is not observed. At the same time on the 
Bermuda Islands, located somewhat farther south of the Azores in 
the western (open) part of the ocean, curves of the course in ij 
temperature indicate considerable variations, especially in July. ! ! 
Such variation in temperature at this station seems somewhat doubtful, 
but the available information on certain disturbances in the 
homogeneity of the series does not give bases for confirmation of ! 
these doubts. 

Variations in temperature over vast expanses of oceans cannot 
be judged according to several insular stations. Brown (1953, 1963), i 
in trying to obtain data on perennial variations in temperature over i 
the Atlantic, used a great quantity of ship observations of the 
period 1880-1959 (with considerable omissions) and calculated the 
10-year mean temperatures for 5-degree latitudinal-longitudihal 
squares. 

Let us the give basic results of his investigations, which, in 
spite of thorough critical analysis of rather variegated initial 
material, can be assessed only as tentative. 

Brown showed that in the zone 7O-600 N. Lat. In the Atlantic 
there is a well-marked trend toward the increase in annual temperature 
of the air and water from the beginning of the current century to 
1930-1939 in the eastern part of the ocean and to 1940-1949 in the 
western part (farther south of Iceland). This agrees with data of 
mainland and insular stations, about which it was mentioned above. 
In the zone of 60-30° N. Lat. the trends are less distinctly 
expressed, just as in the region to the west of Ireland. 

More complete data for the period of I88O-I949 are given by 
Brown in his last work (1963) for the tropic zone of- the Atlantic 

(30° N. Lat.-300 S. Lat.). According to the course of trends of 
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Fig. 21. Moving 10-year 

mean temperatures. 
January, July. 

variations of the 10-year mean annual 
temperature, this zone is divided into 
three regions: 

I) north of the equator where a 
temperature drop from the end of the last 
century to 1910-1919 was observed, and 
then a warming to the end of the examined 
period of observations; 

II) farther south of 9° S. Lat. the 
southwest part where slight variations 
were observed, especially near the southern 
border of the zone, but in the majority 
of the squares after the 1920's there 
predominated a trend toward an increase 
in temperature; 

III) farther south of 5° S. Lat. 
the southeast part where there predominates 
the trend toward a general slow increase 
in temperature up to 1950-1939 or 19^0 to 

1949. 

Generalizing Brown's results, it is 
possible t note the good coordination in 
variations ^n annual temperature of the 
air and water and the general trend toward 
an increase in temperature in the tropic 
regions of the Atlantic approximately from 
the decade 1910-1919. With this the 
character of variations in the period 
188O-1949 is distinguished in various 
regions of the examined zone, which is 
confirmed also by data of insular and 
coastal stations. 

Unfortunately, analogous investigations on the Pacific Ocean are 
unknown, but data of insular stations of Honolulu, Apia_(Samoa Islands) 
and Rarotonga (Cook Island), shown in Fig. 21, also indicate a 
considerable secular trend of the increase in the mean annual 
temperature. In Honolulu and Apia this trend is observed almost in 
all months of the year, but in Rarotonga it is more pronounced in 
winter months. 

Variations in temperature in the tropic latitudes of the 
Indian Ocean can be judged only hypothetically, since the available 
frequently incomplete series of observations on the Seychelle Islands 
and Madagascar have considerable heterogeneity, and in the eastern 
part of the ocean, in general, there are no stations useful for 
investigation of variations climate. 

In Indonesia the long series of observations of Jakarta 
indicates a gradual increase in temperature in all months (after 
1940 the homogeneity of series is disturbed). A secular increase 
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in temperature, as was already noted above, was observed at many 
other stations of this part of the Earth (Bombay, Calcutta, 
Honolulu, Apia and others). Indicating the continuous increase 
in annual temperature in Jakarta (Io from 1866 to 19*10), De Boer 
and Euwe (19*19) note that it is frequently tried to attribute this 
to "urbanization," but this is refuted by the fact that such a trend 
is revealed for rural and mountain stations of Indonesia. 

o. Analysis of Changes in Temperature in Africa, 
South America and Australia 

On continents of Africa, South America and Australia regions of 
synchronous variations in temperature, naturally, cover considerably 
less territory than those in the northern hemisphere. This is 
connected with the geographic position and dimensions of continents 
and the great influence on temperature of radiation factors as 
compared to circulatory ones, which strengthens the role of local 
conditions in variations in temperature. Therefore, for the 
mentioned continents there are not isolated regions of synchronous 
variations, but graphs are represented of the variation in temperature 
by stations having prolonged and as uniform a series of observations 
as possible. 

It is necessary to consider that homogeneity of the series of 
observations at many stations of the southern hemisphere even more 
frequently than in the northern hemisphere is disrupted due to 
transfers, the change in quantity of periods of observation, 
incorrect setting of the quality of instruments. 

Africa. In Africa the longest and most uniform series of 
observations in the moderate latitudes of the southern hemisphere 
is at Capetown. Given on Fig. 22a-22g are data up to 1955^ since 
in this year the station was transferred, which introduced into 
the series of observations great heterogeneity. Variation in 
temperature in Capetown shows that with the general small range 
of secular variations of temperature, the most considerable 
variations are observed in the summer of the southern hemisphere. 
i.e., in months of the cold half of the year in the northern 
hemisphere. In all months of the year (except September) in 
Capetown there was observed a trend toward an increase in temperature 
at the beginning of the current or the end of the last. This trend 
in the majority of the months of the year was changed to the opposite 
approximately in those same year as in the northern hemisphere. The 
most considerable increase in temperature was observed in November, 
when the mean 10-year (1930-1959) temperature exceeded the perennial 
mean by 1.2°, and during three decades (from 1900-1909) it was 
increased 2.2°. In the same month as mentioned above and 
approximately in the same longitudinal zone (Malyye Karmakuly, 
Leningrad, Moscow, Kiev), exceptional warming of November was 
observed. 
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At the station of Helwân, 
located approximately at the same 
latitude that of Capetown but in 
the northern hemisphere, there is 
observed a weakly marked trend toward 
the increase in temperature only in 
the winter and summer months; in 
November the variations are 
insignificant. In continental 
regions of Africa (Kano, Khartoum) 
even in the low latitude (about 15° 
N. Lat.) there are observed 
considerable variations, which in 
the majority of the months are 
synchronous at the indicated two 
points. In winter and in the 
transition months the variations 
here do not have a clearly marked 
trend, but in the summer, from June 

up to September, it definitely is negative; the temperature drop of 
the summer, especially noticeable at Khartoum, reaches for example, 
2° in August (from the beginning of the century). 

On the western seacoast of Africa farther south the station 
Luanda is located. It is remarkable in the fact that the variation 
in temperature here is monotypic in all months of year and repeats, 
naturally, in a considerably smaller scale (in conformity with 
latitude) the scheme of warming and subsequent temperature drop at 
the same longitude in the northern hemisphere. The temptation of 
establishing such relationships is very great, but here the general 
character for all months of the course of temperature seem doubtful 
whether this is the result of the station transfer or other causes 
affecting homogeneity of observations. 

As an average for the year the trend to warming is observed in 
two extreme points ol' Africa: southern (Capetown) and northern 
fHelwan). Regarding, however, continental regions, then here 
(Khartoum and Kano) there is a more pronounced temperature drop 
from the 50's of the current century. 

In investigations of African climatologists a slight trend 
toward warming in North Africa during the last 50 years is noted 
(Dubief, 1963) and a considerable trend in South Africa in the 
period 19OI-I93O (Hofmeyer, Schulze, 1963). 

South America. The greater (northern) part of the continent 
has a very widely spaced network of stations with a long series of 
observations, from which not one was found useful for investigation 
of variations in climate. 

South of the tropics the number of stations is greater, and 
it was possible to select several stations for investigation. Figures 
23a-23f give graphs of the variation in temperature at stations of 
seacoasts of the Atlantic (Rio de Janeiro, Buenos Aires) and the 
Pacific Ocean (Santiago), within the mainland (Goya, Cordova), 
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southern extremity of the mainland (Punta-Arenas) and the antarctic 
Islands: South Georgia (Gritviken1) and South Orkneys (Oreadas). 

In the course of the temperature on the seacoasts and mainland 
there is observed a noticeable trend toward an Increase in temperature 
which is better expressed in the months from August to February. 

In certain months (March-July) at the indicated stations 
(Buenos Aires, Goya and Cordova) there are observed considerable 
synchronous variations near the mean perennial level. On the 
Pacific Ocean seacoast (Santiago) the most intense warming is 
observed in the warm period from November to March, i.e., in the 
winter of the northern hemisphere. The mean 10-year temperature 
of these months was increased during 80 years on the average of 2 . 

In Rio de Janeiro an increase in temperature was observed in 
all months except November and December. 

At most southern stations (Punta-Arenas and islands) in the 
warm part of the year, from December to April, the trend toward an 
increase in temperature is absent, while at more northern stations 
such a trend is best expressed in precisely this period. 

In January at these stations nearest to Antarctica there is 
even observed a trend toward a decrease in temperature. In the 
cold period of year (May-August) on the islands there were observed 
sharp variations in temperature, and the lowest temperatures in June 
and July at the most southern station (Oreadas) were observed in 
the 1920's and the highest, in the 1940's to the 1950's. The range 
of variations reached 5.5°, but the trends toward a continuous 
increase in temperature was not observed. Whether the variation in 
temperature in Antarctica have the same character is difficult to 
decide now since there are no sufficiently long series of observations. 
Nonetheless, certain authors (Wexler, 1959» 1961; Buynitiskiy, 1955, 
and others) confirm that in Antarctica, just as in the Arctic, 
warming occurred. It is true that these conclusions are 
insufficiently founded. Aver'yanov (i960), for example, to solve 
the question of wajrming of Antarctica, compares the temperatures 
at Mirnyy and at the earlier operational station in Queen Maud Land 
and on this basis draws conclusions about warming by 9“10°i which is 
unlikely. Apparently, the question here is not in the change in 
temperature with the flow of time, but in different local conditions 
of these stations. 

What such great differences of temperatures, depending upon 
local conditions, are possible can be seen from a comparison of 
parallel series of observations at stations McMurdo and Scott. 

According to data of the station Little America it is also 
impossible to judge the warming of Antarctica, as is done by 
Buynitskiy and Wexler. If one were to examine a series of 

1This name is not verified.' [Trans. Ed. Note] ( 
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fasmania Island (Hobart) and New Zealand (Dunedin). 

Ar an average for the year (Fig. 24), in the central regions 

“f "î!-"“g"^iKr'itn;‘iîai"!î‘’ 
(erfbgS^ê^mm? SucI a trend is notlcsahle in the 
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north of the continentj at Darwin. 
A temperature drop of the summer 
months is especially great in the 
south (Adelaide). This station has 
the longest (since I857) series of 
observations. Prom October to 
March during all period of observations 
there is noted here a lowering of 
the level of variations in temperature, 
which is especially considerable in 
the 1890's the mean 10-year temperature 
dropped Jr during five to six decades. 

GritvikerO 

Oroadaa*; j 

Alice Spring* 

In the cold half of the year the 
temperature varies near the mean 
perennial level. 

Pig. 24g. Moving 10-year 
mean temperatures. Year. 
South America and Australia. 

It is necessary to emphasize 
that, .lust as in South Africa, the 
most considerable variations in 
temperature are observed in the warm 
period, whereas in the winter months 
the amplitude of perennial variations 
is noticeably decreased at all stations 
of Australia. 

This fact is very important for 
investigation of causes of variations 
in temperature on the Earth. It 

indicates that maximum perennial variation in temperature in Southern 
Africa and Australia do not depend on the season, but are observed 
in months of the cold half year of the northern hemisphere. In 
southern America, conversely, the greatest amplitude of variation in 
temperature is obtained in winter of the southern hemisphere (June, 
July). 

Quite opposite trends as compared to Adelaide are observed on 
the eastern seacoast of Australia (Sidney): with insignificant 
variations in winter (from May to August) from the beginning of the 
century warming is well marked; in the warm period there are observed 
insignificant variations near the mean level. Farther south of 
Adelaide on island (Hobart and Dunedin) in the majority of months 
of the year considerable variations occur in a reversed phase. At 
Hobart there is a quite distinct difference in the amplitude of 
perennial variations in winter and in summer. Thus, in the middle 
month of summer (January) the maximum range of variations of mean 
10-year temperatures reached 2.5° and in winter (in July), only 0.7° 

The station Dunedin is one of three stations with a long series 
of observations in New Zealand. Data of the oldest of these stations 
(series of observations since 1864) of Wellington are not given here, 
since homogeneity of the series of this station was disturbed. 
Although Wellington lies between Dunedin and Auckland, the variation 
in temperature in Wellington has nothing in common with the variation 
of these stations. Variations at extreme points (Dunedin and 
Auckland) are synchronous in the warm half year. 
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especially0^ the^^haífr.year ÎJ ^^e^atiire since the 1850's, 
variations in temperature ín^f is characteristic: although 
a++Ur4.?ear the raean level, it is ^evertíu^ the,months at Dunedin 
attention to the fact that in those ™ ®^ ^Possible not to pay 
when at Adelaide th’ere is ohïervoH D me,raonths February and November) 
Dunedin since the end of the maximum temperature drop/at -1 
trend toward warming? the 1&St century thera is a clearlyPexpressed 

^ri.e^eSrobsfrïXîoÎs availableJthereatt0 the incomPlete 

temperaturetexposed^n the3 ^ h^ sin^a°iations in 
the cold half? TvstVs in Sí rSinw ífí ^^^noln^în11 
the eastern seacoast). maining part of Australia (except 

7• Conelusions 

S-ti°n and amplitudes? which^^b^oad11?^1 variations of different 
the whole period of observation^nn08,0 ^5rms are synchronous durine 
and moderate latitudes in the northem^íf^1® terrltories of high 
instrumental observations, the time i7vf-aemifphfre* The Period of 

°raer t0 JUdge ths wavelength3™f*these0variations^CaJlt 

considerable in inten?iïy S dSatïon ïas S hS’ th® most 
I* literature the name "warming of^ +Jh® phenomenon acquiring 
there has been no clear présentât Lí®. However, till now 

warminS and peculiarities of* -t? ^err^^ortal propagation 
months of the year. manifestation in different 

variationsrofUtenperaturrrí0SffeS»í?llea.?nal),sls of Perennial 
“ ls «tatlisSel M ís ifn“^? “? for “e year as 

that the center of*thiq as_in Preceding investigations^ 
region of Greenland ‘L'an^e?^ MS! "aS ln the '»«Seit 
was noted at Upernavike on + f°r ^î16 year maximum warming 
and spread to the east \nÍMPÍ ^ber6en' in the Malyye Karmakulf 
A mapPof dif?eíeñe!s ÎÆn lönv«r3t "lth d^»isw2g iSuy. 
1930-1939 and 1881-1890, which for fh^ean annual temperatures of7 
SlrXr Of Se S™Kgm?|LPa|i1‘!0'rSpoM Periods warming covered a considerablp 25), shows that 
th® A+y latitudes, seizing alsoPpart nf^th EartJ?* it spread into 
the Atlantic and Pacific Ocean «í/t,-. Pbe soutHern hemisphere in 
of°SÍLS; WaminS (as an averagr^?^eS?rd0^imattely to th® s°'t¿ern of Middle and Central Asia dld no‘fc spread to region« 

evenir î?tarcUc ^e (sSïïeÎÂVffi"6 Sî Afrl=a> AuÏÏgS 
if it occurred ie, apparently, on^ SPL S&aî SeS!*108 
Reffarrtlnnr ___ 

-vu.^vAa.4. areas. 

considenlMd *Dperna™’'*1““°US6winterr7f??i iSh6 mvSt lntense warming 
considerable in the sumier L°S)f l6sf 
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autumn months (September-October) a trend toward warming was not 
observed. In Malyye Karmakuly along with a shift in the maximum of 

warming in later years, a shift was observed also in 
course in warming (with respect to Upernavik)! here the most intense 
warming was observed from November to January, less intense irom 
March to May, and from June up to September there w»8 n<3 warming. 
Westward from Greenland the nearest station in the high latitudes 
with a long series of observations is Dawson. Here great warming 
was observed only in January, and in other months there . 
definite trend in the change in the level of variations in tempeiature. 

Thus, warming, apparently, spread basically from west to east 
with considerable inertia (5-10 years). This inertia is increased 
in the process of propagation of warming to the south: the peaK in 

warming (as an average for the year) is dlsPlace^. t0„1^e^Q^ef:rs 
with a decrease in latitude, so that farther south of 40-3o N. 

warming still continues. 

N. Lat. 

In the tropic zone of Southern America the trend toward 
warming is more distinct in the summer months (December, January, 
February), i.e., in the months of the greatest warming in the 

northern hemisphere. 

Warming in Africa (on its northern and southern extremity) 
also is better expressed in winter months of the northern hemisphere 

On the Pacific Ocean seacoast of Australia there is well-marked 
trend toward warming in winter (May-August). But in the remaining 
regions from the beginning of the century there was observed a 
temperature drop., especially considerable in the spring-summer 
months (September-March) of the southern hemisphere. 

A peculiarity of perennial variations in temperature in 
South Africa and also at the majority of the stations of Australia 
and islands adjacent to it is the fact that the most considerable 
variations occur here not in the cold period of the year, as 
usually, but in the warm period when variations in temperature in 

the northern hemisphere are especially great. 

Exclusiveness of the phenomenon of warming of the Arctic is 
somewhat dimmed when after the 40*5 in the high latitudes a steady 
lowering in the temperature began. Now already oscillatory (and 
not forward) character of this phenomenon becomes even more evident, 
but the wavelength of variation in about this case is great and 
is commensurable with the length of series of observations# 

The temperature drop started first of all (1927-1956) on the 
northwestern part of Greenland, i^e., where there was the most 
intense warming. Eastward, westward and southward from this region 
the beginning of the temperature drop came in later years. In 
moderate and low latitudes of the northern hemisphere warming still 
continues in many regions, especially in the southern half of 
Europe and on the eastern seacoast of Northern America. One can 

see well this on the map of differences of i0-year,®f^n,^P®i;ftur®|N 
between decades of greatest warming 1930-1959 and 1951-1960 (Fig. 2b) 
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It should be noted with this that for comparability there is taken 
the mean decade for high latitudes of greatest warming (1950-1939) 
(the earliest pertains to 1927-1936, and the latest to 1936-1945). 

A temperature drop, as can be seen from Fig. 26, envelopes 
regions Íshaded on the map) in which there was observed considerable 
warming (above Io) and intensity of the temperature drop on an 
average for one decade is approximately equal to the intensity of 
the preceding warming. Farther south of 40-38° N. Lat. and the 
southern hemisphere a temperature drop was not observed (with the 
exception of Africa). 

Thus the propagation of considerable as an average for the year 
warming and temperature drop for the greater part of the Earth 
itself already confirms its reality. However, as was shown above, 
the changes in temperature in different months of the year are 
unequal, the variability of mean monthly temperatures from year to 
year in different regions of the Earth is also different. In 
connection with this, although curves of the variation in temperature 
leave no doubt as to the existence of its directed changes, 
quantitative confirmation is necessary of non-randomness of the 
changes revealed. 

For this purpose is used the sufficiently simple and reliable 
method proposed by 0. A. Drozdov allowing by means of simple 
calculations the estimation of how changes in the given series 
of observations differ from variations in random incoherent series. 
The essence of the method is expounded by Drozdov in Chapter II 
(§6) of the present work, and here we will give results of the use 
of this method for an appraisal of the reality of changes in the 
series of observations of stations located in different parts of 
the Earth. 

The application of the criterion of Drozdov for a 10-year 
interval of averaging of the temperature requires fulfillment of 
following operations: 

of 1) calculatiqns from the initial series (x1, x2,..., xN) 

the mean quadratic error (o) differences between neighboring terms 
of the series (x0 - x„ , x, - x„,..,, x, 

2) 

k2 ^j ^ “ *2* • • • * 

calculations of differences 

N " xN-l); 

between mean temperatures 

of consecutive decades of the same series/ In this case in formula 
(4) of Chapter II the quantity n = 10 and k-th difference are equal 
to: 

3) consecutive algebraic addition of quantities d.(10) for 
/ 4 N IV 

obtaining of total differences of consecutive* 10-year series; 
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Table 9. Values oí’ the Criterion -p by Months 

of the Year in Different iO-year Series of 
Observations 

DocaJa 
(years) II III IV V VI Vil VIII; IX XI XII year 

Leningrad 

1*11-1820 
1H2I — I<30 
1*31—1*10 
1*41-1*50 
1*51 —I** GO 
1*61—1*70 
1*71—1*10 
1**1-1*00 
18-11-1000 
1001-1010 
1911-1^120 
1921-1030 
1931—1040 
1011-1950 
1951—1060 

1.9 
0.7 
1.4 
1.2 
1.7 
2.3 
1.0 
1.6 
2.6 
2.0 
1.8 
2,8 
0.9 
2.3 
2.7 

I Ot •> o * •*; “ i “ 
U 0,8 
1.2 0.8 
0,4‘ 0.4 
U! 1.2 

-0,2 1.4 
1,6! 0.6 
1,2! 0.9 
0.7 0,8 
1.9 
0.* 
1.1 
1.7 
0.9 
2.0 

2.8 
0.7 
1,5 
I.H 
1,2 
0.4 

2.1 
2.1 
0.9 
0.7 
l.H 
1.1 
1.0 
2.6 
2.3 
2,9 
3.3 
2.1 
2.3 
4.1 
2,6 

1.7 
1.8 
1.9 
1.2 
1.1 
o.i 
0.7 
2.7 
‘2.* 
2.4 
2.3 
3,6 
2.3 
2.4 
3.1 

o.o;-o,i¡ 
1A 0.3, 
0.1-1,4 
0,4-0.41 
1.2 0,6' 
O.I. 0,7. 
1.5-0.7Í 
0.0, 0.0, 
0,* -0,3 
1.21 0.4| 
0.6, 0.6 

-O.n 
I.*i 
1.9 
1.5! 

2,0 
2.0| 
0.0! 

0,6j 

-1.7' 1.0^2.6: 
-1,1-4).1,2.61 
— 1,7j 0.0? 1,8' 
—0,4 0.612.4 1 
—2.4: 0,1(2.6 
—I.ii- -O.I 13.0 
—1,71 0,811.5 
—2.1'-0.7 i 1.9 
—2.0.-0,3 2,6 
-2.3-4). 1 ! 2,0 
—2.0' 0,7-2,2 
—O. I1 0.4 2.4 

0.8 
-1,0 
-M 

1.0Í3.0 
1.312.2 
0.613.6 

0.3 -0.4‘ 2.8 
0.91 0,1,2.2 
0.6-0.5 1.2 
1,4: 1.0:2.0 
0.7, 0.2 2.2 
<1,1-41,1 I,*» 
0.6' -0.8,1.3 
0.6' 0.5 2.2 
1.2' 0.1 2.* 
1,1 !,3;4.0 
1.2; 0.2 2.«» 
2.6 0.9 3.0 
2.1 0.7 4.2 
1.2' l.H 4.2 
1.6( 0*4,4,2 

Salekhara 

I8S6-1R95 
1896-1905 
1906-1915 
1916-1925 
1926—1935 
1936—1945 
1946-1955 

1.1 
0.6 
0.4 
2.7 
2.6 
2.7 
2.4 

-2.1 
-0.1 
-2.6 
-0.7 
-0.1 

i!:d 

-1.21 I. 
-0.6 2,( 
-1.4 2.1 
-1,2 1.: 

1.1 
6 

2.5 
3 

-Dsi j;o 
r-0.4 5,1 
-1.2 '2,8 

2.6 
2 9 
2.5 
1.4 
2.6 
3.7 
3..8 

1.4 
2.6 
4.0 
2.4 
3.1 
3.0 
4.1 

0.7 
0.7 
0.3 
0.7 
0.4 

-0.1 
2.4 

1.0 
1.4 
1.6 
1.8 
1.8 
2.1 
1.8 

1.0 
1.0 

0.3 

1.51 
1.81 
1.2' 

2,9 
2.0 
3.4 
1.5 

0.8 
1.8 
2.1 
2,8 
4.6 
3.5 
1.6 

0.1 
1.0 
1.6 
1.3 
1.0 
1.7 
0.9 

'1.0 
2.6 

¡0.4 
¡ 1.14 
lO.O 

Upernavik 

18*5—1894 
1895-190« 
1905-1914 
1915—1924 
1925—1934 
1935-1944 
1945—1954 

1.4-0.3( 0.7 
-3,0 

1.8 
6.5 
7.7 

10.5 
5.3 

-O.I 1.8 
1.0 2.2 
0.6 2.4 
1.3 3.9 
1.7 3.0 
3.4 4.4 

-0.5,-0.51 0.6-0.6 
1.8 0.8! 0,2¡ 0.2! 
0,4 0.5-0.4-1.6 
2.8 
3.2 
1.2 
3,9 

1.9 

?:? 
2,8 

2.21 
3,2l 

'Mí 

0,2- 

0.6 

3.4 
7.0 
6.0 

1.5 
2.7 
0.3 
1.8 
2.2 
1.8 
0.0 

0.6 
2.2 
1.8 
3.0 
3.0 
1.6 
1.4 

1.8 
0.6 
0.6 
1.4 
2,0 
1.6 
2.0 

0.4 
•i *> 
0.5 
4.3 
4.0 
3.6 
4.1 

0.7 *0.6 
2.0 ¡2.0 
1.7 1,¾ 
4.4 '5.0 
5.1 !6.4 
5.0 15,4 
4.8 14.4 

New Haven 

1891-1900 
1901-1910 
1911-1920 
1921-1930 
1931-1940 
liMl-PSO 
1951-1900 

-0.3 0.4 
1.3 
1.2 
2.1 
0.6 
2.2 
0.8 

0.6 
1.3 
2.7 
2.6 
3.9 
2.7 

2.1 
2.4 
2.6 
2.9 
2.6 
4.4 
3,8 

0.2 
0,7 
1.0 
0.2 
0.7 
3.5 
3.0 

1.0 
1.0 
0.5 
1.3 
2.3 
1.8 

-0.8’ 0,8 
0.0¡ 2.2 

—0,2! 1,5 
.0' 2.5 

1.5, 3.8 
2.0 4,8 

2.3 4'H 

0.8 
0.8 
l.H 
2.0 
4.2 
4.0 
5.5 

•6 
l.H 
2.0 
3.2 
2.2 
4.0 
4.4 

1.6 
3.6 
3.* 
2.4 
3.4 
6.4 
5.8 

0.3 
1.5 
1.2 
2.3 
2.2 
4.0 
4.2 

-0.91 
O.H 

-0.2! 
*.»f 
0.8 

1.0 
4,0 
3.5 
5.5 
6.0 

1,7; 10.5 
0,4j 8.5 

Note: The quantity of criterion 2.0 
corresponds to 95$ of the probability of 
distinction of changes from the random., and 
the quantity of criterion 5.0 to 99*7$; a 
quantity of criterion higher than 4.0 
practically corresponds to 100$ of 
probability of nonrandom changes. 
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Table 9 gives values of the criterion A 
•• 

and the level of 

significance (probability of chance of variations for different 
stations of the Earth and various months of the year). Here there 
is quantitatively confirmed the irregularity of changes in 
temperature during the year in different regions of the Earth. For 

annual changes in temperature the criterion is obtained higher 

than it is in separate months due to the smoothness of variation 
and, consequently, smaller quantity a. 

A more definite general trend of the change in temperature is 
expressed with an increase in interval of averaging, as will be 
shown during the analysis 35-year mean temperatures in Chapter VI. 
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relationship between the change in air tei 
WITH ATMOSPHERIC CIRCULATION 

1 F-incipIes of the Classiiication of AtmosnhPTMH 
Processes or vangengeym-Girs-- 

ana -Uzerdzeyevskiy 

-j . I? is ^nown thaf- a number of factors determlnins- +ho «h»«»*, climate acts iointlv hpimr nm ia • 4. ^ ciminxng tne change in 
nt-hov* T +■ • J DQing in a complicated interaction with panh 

of each of íhe^alifíLtof^SítglSwl^tí0 estlmate the rola chansp r-i o- I Pari;iclPatT-ng in the process of the 

linken “he cteÍñ'of tóeae^tSr^n'ÍM^cí»0? ÍS “ 

S?ac?eínoVfÍÍgatefhe 1S character of atmospheric circulation and change in temperature rate. 

are mos^exped?ent°5ï seS? What Característica 
W air temperature.comparxson of them With indices 

processes6 Sh^whSî^hf classification of atmospheric 
dwelling An this nnpît?! - } f ^rits and deficiencies. Not uwtaxing on this question m detail, we will note nniv thnf 
problem formulated in this chapter/it is necessarï S 6 
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grouped into 26 types. Subsequently these 26 types were generalized 
into three basic types of atmospheric circulation: western W, 
eastern E and meridional C, which were determined by the predominant 
transfers in the troposphere of moderate latitudes. 

Subsequently Vangengeym (19^6., 1952) showed the relationship 
between processes in the Atlantic-Eurasian sector and processes over 
the whole northern hemisphere} assuming that each of the three types 
in this sector corresponds to the simple symmetric field in the 
whole hemisphere. It turned out, however, that this is correct only 
in periods of strong and stable development of processes of the given 
form, and in periods of transformation of forms of circulation in 
the Atlantic-Eurasian and Pacific Ocean-American sector there are 
observed simultaneously various forms of circulation. In connection 
with this, Girs (1956) produced typification of macrocirculatory 
processes for the Pacific Ocean-American sector, separating also the 
three forms of these processes. 

The typification Dzerdzeyevskiy (1946, 1962a, 1962b) was at 
once developed for the whole northern hemisphere, but at first on 
data of 8 years and in the last variant for 60 years. In this work 
there is used the typification of Dzerdzeyevskiy, since for it there 
is a calendar of types belonging to the whole hemisphere, and for 
separate groups of these types also six sectors of the northern 
hemisphere. 

Dzerdzeyevskiy, jointly with Kurgan and Vitvitska (1946), 
conducted typification of atmospheric processes, assuming as its 
basis the following indices: a) directivity of arctic intrusions 
during uniform circulatory mechanisms in the hemisphere; b) 
interconnection and interaction of them with processes in southern 
latitudes and c) zonality or meridionality of circulation. 

Dzerdzeyevskiy established 13 types of processes. They were 
united by him into, 4 groups, according to the following criteria: 

Group I. Types 1 and 2. Zonal circulation predominates. Arctic 
intrusions are abspnt.1 

Group II. Types 3-7. Disturbance of zonality. In this group 
processes are united with one meridional intrusion in whatever 
geographic region (Greenland, Chukotski peninsula, America, etc.,) it 
occurs. On a great part of the hemisphere there is preserved zonal 
circulation, and in the region of an intrusion — meridional. 

Group III. Types 8-12. Two or more Arctic are carried out 
intrusions, simultaneously. 

Group IV. Two varieties of Type 13 (summer and winter). 
Cyclonic activity cover the polar region and adjacent regions. 

1It should be noted the Dzerdzeyevskiy uses the '.'zonal circulation" 
when cyclones and anticyclones move in a direction close to meridional 
and the term "meridional" when trajectories of them are meridional. 
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Trajectories of cyclones pass through the North Pole. In this scheme 
certain detailization is conducted: meridional type of circulation 
is divided into the northern and southern, the zonal type — into 
western and eastern. Furthermore, there is distinguished the 
"stationary position." By this term such a position is designated 
when in a definite region baric formations have low mobility, and 
clearly marked trajectories are absent. Practically this type is 
connecte ’ „Ith. the Asiatic and subtropical anticyclones. 

Initial synoptic data for the exposure of the connection between 
atmospheric circulation and. thermal conditions was the calendar of 
the course of atmospheric processes in accordance with typification 
of Dzerdzeyevskiy, compiled at the Institute of Geography of the 
Academy of Sciences of the USSR for the period of 1899-1958. 

2. Analysis of Recurrence of Types of Circulation 
for Every Month of the Year 

First of all there was calculated by months of the year the 
recurrence of each of the 15 types in percent of the total number of 
days and also percent of days "outside the type." In this group are 
included days when the synoptic situation corresponded to the 
transition position from one type of circulation to the other. In 
Table 10 recurrence is given of different types of circulation not 
only for the whole 60-year period of I899-I95S but also for the 
Individual decades of this period. There is no need here to give a 
full analysis of this table. Let us limit ourselves only to an 
indication of certain important regularities in the course of 
recurrences of types of circulation in various parts of the 60-year 
series. 

Table 10. Recurrence of Types of 
in Various Time Periods ($) 

Typ« 

» s 
January 

! 
6 
7 
« 
9 
10 
tl 
W 

Outaid* 
the type 

2:? 
0,0 

14 

10,1 

0.3 

3,5 

2.5 
0,0 
0.0 
0.0 

0,0 
10,3 
2.9 

1 
0,0 

?:$ 
21,0 
0.0 

11,9 
2.9 
0,0 
1.2 

40,5 
11.4 
3,5 

9.0 
0.0 
0.0 
0,0 
l*.l 
0.0 

10,6 
0.0 
0.0 
3.5 

36,H 
11.3 
7.5 

4,R 
0.0 
0.0 
4,5 
5.1 
0.0 

16,6 
9.0 
0,0 

3?; ï 

2.« 

2.0 
0.0 
0.0 
1,0 

12.0 
1.0 

I0.H 
10.4 
•2.6 
2.* 

27,h 
17.2 
6.0 

m 
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Table 10. Recurrence of Types of Circulation 
In Various Time Periods (^) (Con't) 

Type 

1 
*2 
3 
4 
5 
6 
7 
i 
9 

10 
It 
12 
13 

Outside 
the type 

1 
2 
3 
4 
5 
6 
7 
H 
0 

10 
11 
12 
13 

Out side 
-the -type 

1 
2 
3 
4 
5 
6 
7 
H 
9 

10 
11 
12 
13 

Outside 
■the type 

1 
2 
3 
4 
3 
6 
7 
ñ 
9 . 

10 
11 
12 
13 

Outside 
the.type 

t 

i 8 8 8 

u 
o.o 
0.3 
0.9 

n.2 
0.0 
3.« 
3.4 
0.4 
1.2 

37.3 
22.4 
2.3 

1.9 

l9 0.0 
0.9 
2.3 
3.8 
0.5 
10,0 
9.0 
2.1 
5.2 

25.0 
27,0 

2.1 

2.3 

2.3 
O.H 
3.1 
3.1 

?:? 
14.8 
9.4 
5.3 

13.0 
12.3 
27,5 

1.0 

2.3 

0.3 
5.6 
7,3 

11.2 
0.4 
1.9 

12,7 
11.4 
4.2 

18.2 
1.2 

23.1 
U 

3.4 

1.1 
0,0 
1.4 
1.1 

10.3 
0.0 
7.1 
7.1 
1.1 
1.4 

35.1 
30.3 

1.1 

2.9 

0.3 
0.0 
3.9 
0.6 
8.4 
0.6 

10.9 
8.4 
4.5 
9.4 

22.6 
27.4 
0.6 

2.4 

•3 1.0 
2.3 
3.7 
0.0 
2.0 

17.0 
9.0 
9.7 

17.7 
13.3 
25.3 
0.0 

3.7 

0.0 
3.2 

10.0 
11.9 
0.0 
0.3 
7,4 

10,0 
1.9 

18.7 
2.9 

29.4 
0.0 

4.3 

February 

0.7 
0.0 
0.0 
0.0 

14.2 
0.0 
7.3 
3.9 
0.0 
1.6 

49.9 
20.1 
0.7 

.6 

2.1 
0.0 
0.0 
1.8 

21.3 
0.0 
6.7 
2.5 
0.0 
0.0 

46,5 
13.¾ 
3.2 

2.1 

March 

1.3 
0.0 
0.0 
3.5 
8,7 
1.0 
2.3 
7.5 
0.0 
1.3 

37,5 
35.0 
0.6 

2.3 

4.7 
0.0 
0.0 
1.3 

12.9 
2.3 

11.0 
6.8 
2.6 
3,6 

27.2 
25.5 
0.0 

2.1 

April 

0.0 
0.0 
2.° 
7.3 
1.0 

10.3 
I4 7.0 

12.0 
23.3 
26.5 
0.0 

4 ^ 

5.4 
0.0 
0.0 
4.7 
0.0 
3.7 

11.3 
6.6 
5.4 
11.0 
8,6 

38.4 
0,0 

2.0 

May 

!:$ 

0,0 
1.2 

10,6 
8,5 
4.3 

21,6 
3.2 

23,9 
0.0 

2.9 

• 0,0 
7.4 
1.6 

12,6 
0.0 
1,2 

11.7 
13,2 
3.5 

17.4 
0.0 

28.5 
0.0 

2.9 
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2.8 
0.0 
0.0 
0,0 

18,0 
0.0 

11.3 
8.1 
1.4 
2.1 

32.8 
15.2 
6.5 

1.8 

2:§ 
1:S 
7.4 
0.0 

13.5 
4.5 
2.4 
1.0 

33.9 
23.6 
2.3 

2.4 

1.0 
0.0 
9.7 
4.0 
6.3 
0,0 

11.3 
U.3 
0.7 
9.7 

13.6 
30.0 
0.7 

1.7 

0.0 
6.8 

12.6 
11.7 

(’2 1.2 
16,4 

U 
!?:¿ 

4.5 

0.0 
0.0 
1.4 
0.0 
6.0 
0.0 

14.6 
9.9 
0.0 
0.7 

34.0 
27,0 
5.0 

1.4 

4.5 
0,,0 
0,0 
45 
8,4 
0.0 

16.1 
U.4 
1.3 
6.1 

16.4 
21,3 
6.1 

3.9 

1.7 
1.3 
2.7 
3.2 
3.7 
3,0 

25.4 
7.7 
5.3 

19,3 
8,0 

15,0 
1.7 

2.0 

I.Ó 
4.9 

10.0 
U.9 
1.3 
1.3 

11.3 
16.4 
5.2 

12.8 
0.0 

17.1 
2.3 

4,5 

9 

0.0 
0.0 
0.0 
3.5 

15.1 
0.0 
3.5 

21.7 
0.0 
1.8 

27.9 
23.9 
2.2 

0.4 

4.0 
0.0 
0.8 
1.6 
7.7 
0.0 

10.5 
15.3 
1.6 

13.3 
15.3 
25.4 
4.1 

0.4 

6.2 

H 
1.2 
2.5 
O.** 

15.8 
15.4 
4,a 
8.7 
4.5 

30.4 
5.0 

1.2 

0.6 
8.7 
2.8 
2.4 
0.0 
6.3 

19.7 
16.2 
4.« 

10.1 
0.0 

24.6 
2.8 

0.8 
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Table 10. Recurrence of Types of Circulation 

in Various Time Periods (¢) (Con’t) 

;!ti 

Typo 

5 

8 

8 

1 
2 
3 
4 
5 
6 
T 
8 
9 

10 
n 
12 
13 

Out side 
the typ* 

0,0 
11.4 
9,0 

14.9 
°.o 
4.3 

11.3 
9.7 
7.7 

16,7 
0.0 
9.4 
3.7 

1.9 

0.0 
22.8 
7,9 

23.2 
0.0 
4.1 

7 
8 
9 

10 
11 
12 
13 

Outside 
the t./per 

6.1 
7.8 
7.4 

13,2 
0.0 
3,0 
3,0 

1.5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
U 
12 
13 

Outside 
the typ1 

0.4 
17.3 
7.2 

18.0 
0.2 
3.3 
n.e 
9,6 
3.5 

13.3 
0.0 
«.8 
5.2 

1.5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Outside 
the type 

3*3 2.9 
3.3 
9.8 
5.9 
5.8 

15.2 
11.5 
3.0 

11.8 
6.3 

,4'5 4.2 

2.5 

0.0 
3.7 
3.3 

13.3 
0.0 
3.3 
2.3 

15.3 
7.7 

28.4 
0.0 

16,0 
2.7 

3.0 

0.0 
17.1 
3.5 

17.1 
0.0 
2.4 

8.9 
13.5 
8.4 

21.3 
0.0 

i:3 
2.3 

0.0 
8.9 
5.8 

16.1 
0.0 
1.9 

15.5 
13.9 
5.1 

14,8 
0.0 

16.4 
0,0 

1,6 

4-I 2.7 
1.3 

16.7 
4 *2 3.7 
9.3 
6*I 1.3 

22.0 
10.7 
l2*5 1.0 

3.3 

June 

0.0 
7.7 

10.6 
14,4 
o.n 

10.0 
15,3 
7.4 
8,3 

13.7 
0.0 
8.2 
1.7 

2.7 

0.0 
11.3 
0.0 

13.4 
0.0 
4,0 

17.3 
17.7 
8,0 

13,0 
0.0 

14.3 
0.0 

1.0 

July 

0.0 
26.2 
10.3 
21.8 
0.0 
l.o 

0.0 
25.8 

5.8 
25.2 
0.0 
7.8 

4.8 

,5:S 
9.4 
0.0 
2.9 
0.0 

0,6 

4.2 
5.1 
6.1 
9.4 
0.0 
3,2 
5.5 

1.9 

August 

0.0 
19.6 
8.4 

21.8 
0.0 
2.9 

12.2 
8.7 
4.3 
8.7 
0.0 

11.7 
0.0 

1,6 

0.0 
21,8 
7.7 

14.8 
0,0 
1.6 
8.4 

10,0 
2.6 

23,3 
0.0 
7.5 
1.3 

1.0 
September 

0.0 
3.7 
3,0 
h'l 3.3 
6.7 

17.1 
7.7 
*'1 10.7 
7.8 

26,6 
1.0 

3.3 

3.3 
3.7 
4.3 
6.0 
6.0 
4.7 

18.0 
13,6 
3.3 
5.7 
8.0 

18.7 
2.0 

2.7 
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o.o 
26,7 
13.4 
13,0 
0.0 
4.7 

11.3 
0,0 
6.0 

16.5 
0.0 
1.7 
4.7 

2.0 

0.0 
23,8 
10.3 
32.2 

0.0 
3.9 

7.» 
7.2 
6.2 
3.9 

1.9 

1.6 

0,0 
33,5 
5.5 

20,0 

W 
S:i 
2.9 

13,2 
0,0 
1.9 
2.9 

2.3 

8,0 
2.4 
4.7 

12.6 
5.3 
5.7 

12.3 
11.7 
2.7 
7.3 
2.4 

12,9 
10,0 

2.0 

0.0 
6.3 

18.0 
17.4 
0.0 
0.0 
9.3 
7.0 
6.7 

19.3 
0.0 

9*I 4.0 

2.3 

0.0 
21.6 
8.2 

17.2 
0.0 
2.2 

4.5 
6.8 
3.5 

27.4 
0.0 
3.2 
3.2 

0.0 
10.7 
7.1 

21.2 
0.0 
2.3 

13.9 
10.3 
2.3 

10.7 
0.0 
4.8 

14.1 

2.3 

5.7 

6.1 
14.2 
12.4 
4‘? ?:i 

2.7 

0.0 
15.7 
7.9 

11.2 
0.0 
4.9 

?:$ 
0.0 
6.2 

11,2 

0.0 

0.0 
24 ! 
8,9 

19.7 
0.0 
6,0 

6.5 
7.6 
6.8 
6.8 
0.0 
2.4 
7.4 

0,0 

2,8 
7.7 
8.1 

12.9 
1.6 
5.2 

11.7 
8.1 
3.2 

12.5 
o.o 

10,1 
16.1 

0.0 

2.8 
0,8 
0.8 
3.6 
6.8 
6.8 

17.9 
16,7 
3.6 

20. H 
2 8 
5)2 
7.2 

0.4 
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Table 11. Total Recurrence 
Circulation 5, il and 1? 

of Types of 

ß s!P 
1 

1 

i 

i 
1 

I 
§ 
1 
Mg 

2 

1 
1 
1 

I 
1 

§ 

3 

1 

3 

am 

ë 
d 

54,5 
6UJ 
Tl 5 
74.2 

53.6 
71,1 
79.6 
75.7 

73.9 
76,6 
90,? 

61.2 
71.5 
72,9 
«1.6 

«.4 
65,5 
66.2 
66.0 

40,7 
62.2 
526 
«7,0 

46.6 
. 52.2 

57.0 , 
66.97 

for the period 1911-1920 It Is even more than 90$. Starting from t 
decade 1931-1940 the recurrences of these types, without exception, 
are all lower than those of the mean for the period I899-I958. The 
numbers of Table 10 make it possible to judge what types decreases 
the total recurrence, and by what types of circulation are they 
replaced. J 

Fig. Type 11 

Such course of recurrences, of basic winter types of circulation 
^ne of.indlces indicating the warming of winter in a scale of the 

whole hemisphere. 

Table 11 permits noting one more characteristic peculiarity 
with the change in climate. In the decades 1901-1910 and 

I9II-I920 the greatest total recurrence of types 5* 11 and 12 is 
observed in January; starring from the decade I92I-1930 the recurrence 
0 - these tyPes in February is greater than that in January, or these 



Fig. 29. Type 12. 
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reel,if renes ars equal. Transît low «? ‘¿«f »IlllwMn of' temperature In 
Its annual variation from January to j%:bfuary presents a typical 
peculiarity of the marine elimafe, and therefore an increase in total 
recurrence of basic winter voeu of ’ r<r. laUon in February starting 
from 'he decade índica ¡.es inv, elimate from this time 
became more marine, which Is noted by many authors Invest i qai. 1 nr; the 
change in climate by the most diverse mstnods. 

As an average for the period 1<K '■ v.Ji there Is observed a 
gradual accretion of the nm&TBmw of %pes 5, 11 and 12 from 
November to February. 

Fig,. 31* Type |t w.inmr. 

From March there begins reconstruction of the circulation on 
spring types. From December to February in the perennial average 
a considerable excess of the recurrence of Type 11 over Type 12 is 
observed, in March the mean perennial recurrence of Type 11 decreases, 
and Types 12 and 7 (Fig, 31) is increased (owing to Type 5). These 
traits of circulation are even stronger in April and May. In June 
Type 11 is not at all observed, recurrence of Type 12 as an average 
for the period 1899-1958 is small, and the main role is played by 
Types 10 and 4 (Figs, 32 and 33). In July and August to them Type 2 
is added (Fig. 34), In Table 12 data are given on the recurrence of 
basic summer types of circulation in July and August. 

From this table it is clear that the total recurrence of basic 
summer types of circulation in the main summer months does not reach 
so great values as recurrence of the winter types in the cold period 
of the year. In August for periods 1951-1958 and I9OI-I9IO recurrence 
of the two summer types does not attain even 40$, and on the average 
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Fig. 33. Type 4. 
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.i-i, Type 2, 

for the period iBgÿ-l^ÿô It Is less than ßO0t, Systematics is absent 
in the course of total recurrence of Types 2, 4 and 10 fror, one 
decade to the other, so clearly expressed In winter. It is possible 
to note only the recurrence of less than the perennial average in 
July in the beginning and end of the period studied, and in August, 
furthermore, in the decade 

Table 12. Total Recurrence of Types of 
Circulation 2, 4 and 10 (f) 

s 
Month 

i 
J 

, S m 

0 fl 
7 
g 

§ 
'1 
E . 

S ü 
T 
i 

i 
T 
I 
il*»' 

i 
T 

’■ üt 

i 
T 
1 

Ä 
VI II 

£),2 
4à>6 

55.5 
39.8 

60.4 
50.1 

60.4 

59,9 

59,9 
66.7 

66,'2 

42.6 
50.6 

33.1 

Table 10 representation the instability of values of recurrence 
of types of circulation calculated from short series of observations. 
Thus, for example, recurrence of Type 5 in January and February in 
the period 1921-1930 is 4 times more than that in the period 
1941-1950, and in July recurrence of Type 10 in 1931-1940 is 7 times 
less than that in the period 

With analysis of data for the short period rarely realizable 
types of circulation can be absent. As an example it is possible to 
indicate that with analysis by Dzerdzeyevskiy (1946)-of data for the 
period 1933-1940 absence of the type of circulation 1 from May to 

I 
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August was ascertained, whereas in the period of 19^1-1958 it was 
observed both in May and August. Type 3 was not observed in the 
winter, and in the periods 1901-1010 and 1941-1950 it was observed 
in February. It is necessary to pay special attention to this 
circumstance, since the authors of many synoptic and synoptic 
climatologie works use for their conclusions short series of 
observations. Such works can have only a certain methodical value. 

Recurrences of types of circulation given in Tables 10-12, 
pertain to all the northern hemisphere as a whole. But realization 
of the same type of circulation in various parts of the hemisphere 
can lead to different temperature regimes, and therefore for a 
comparison of the character of general circulation with variation in 
temperature in individual parts of the hemisphere it is necessary 
to produce calculations of recurrence of types of circulation 
according to individual sectors of the hemisphere. The number of 
sectors and geographic position of the borders between them should 
be set, as the author of typification will recognize, every time in 
accordance with the problem requiring solution. At present for 
several reasons this is impracticable, and in this work, as in works 
of Dzerdzeyevskiy published till now, it is necessary to be limited 
to exposure of the connection between the change in temperature and 
circulatory characteristics for six constant sectors proposed by 
Dzerdzeyevskiy. Boundaries between these sectors with 
physicogeographic and climatic points of view have certain foundation. 

Shown on Fig. 35 are boundaries between six sectors of the 
northern hemisphere and stations at which there is performed a 
comparison of air temperature with circulatory indices. The stations 
were selected as far as possible in different parts of the sectors. 
As it is known (Rubinshteyn, 1956, 1962), mean monthly air 
temperatures of different stations have a considerable correlation 
connection even at great distances, and therefore there is no need 
to select for comparison with circulatory characteristics a great 
number stations. For the characteristic of the connection between 
air temperature and circulation data were analyzed only for those 
points and for those months of the year when variations in temperature 
from year to year and also in 10-year means were considerable. 
Otherwise conclusions would not be objective enough. 

The comparison of air temperature with the character of 
circulation for individual years is greatly complicated by the 
difference in the state of the underlying surface in the time period 
examined and preceding it (dry or humid soil, snowless surface or 
a surface covered by snow, etc.), and also by what the character of 
circulation was In the preceding period. In order to trace the 
presence of the relationship and to find its general regularities, 
it is expedient to examine the value of the temperature and types 
of circulation not for individual years, but averaged over a 10-year 
period. In this case the factors complicating the comparison to a 
certain degree are levelled. 

Exposure of the relationship between temperature and circulation 
is expediently conducted not with 13 types, but with'types united 
into 4 groups, about which was discussed in the beginning of the 
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Fig. 35. Location of sectors of the 
northern hemisphere by typification 
of Dzerdzeyevskiy processes and 
stations for which a comparison of 
air temperature with circulatory 
indices is made. 
KEY: (a) Winnipeg; (b) New Haven; 
(c) Upernavik; (d) Kyusyur; (e) 
Yakutsk; (f) Vilyuysk; (g) Malyye 
Karmakuly; (h) Salekhard '‘' _; (h) Salekhard;"(i) 
Greenwich; (j) Leningrad; (k) Kiev; 
(l) Kazalinsk 

chapter. In each of, these groups there are carried out several forms 
of circulation, where the basic, most frequently repeated forms are 
usually two. Since the remaining forms are rarely encountered 
(several days per month), then one of basic forms replaces the other, 
the course of their recurrence is almost mirrored, and there is no 
need to make a comparison with the temperature observed with both 
these forms. There are, however, cases, when there predominates 
almost the whole month one form of circulation or, conversely, 4 forms 
have practically identical recurrence. All these cases and results 
emanating from these differences in distribution in forms of 
circulation will be discussed concretely later. 

3. Relationship of Indices of Circulation with Variation 
in Temperature According to Moving 
~ Decades (by Sectors) "' 

After these preliminary remarks let us turn to an analysis of 
the comparison of the temperature regime with circulatory 
characteristics in individual sectors according to moving decades. 
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3.1. First Sector 
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Pig.'36. Number of days with zonal 
circulation and air temperature according 
to moving decades. First sector. January, 
February, April. 

recurrences of both forms of circulation are almost identical, but 
the role of meridional northern and southern circulation increases. 
After 1920 variation in temperature at New Haven is basically parallel 
to the variation of the zonal circulation. Apparently, this is 
connected with a decrease in recurrence of Type 12 and replacement of 
it in the period 1921-1940 by Type 5, and later Type 7 (Table 10, 
Figs. 30 and 31). 

Variation in temperature in Upernavik located on northwest 
Greenland is more or less similar to the variation in temperature in 
New Haven only up to the period of I92I-I930, and then in the period 
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of warming of the northern latitudes it is opposite to it. It is 
natural to expect that those changes in recurrence of forms of 
circulation about which was earlier said will lead to other results 
in the variation in air temperature in the north. 

February. Circulatory characteristics in February differ little 
from those of January. The predominant forms are, as in January, 
zonal circulation and disturbance of zonality, and the course of their 
recurrence is opposite to each other. In specific gravity somewhat 
greater than that in January, there is importance in other forms of 
circulation, namely, meridional northern and meridional southern, 
which complicates the comparison of some form of circulation with 
mean monthly temperatures. Thus, for example, in the period 1900-1909 
the number of days with zonal circulation, disturbance of zonality, 
meridional northern and meridional southern was 7.2, 9.^ 5.8 and 
4.9 respectively. With such relationship of recurrences it is 
difficult to expect similarity of variation in temperature with any 
of these forms separately. As can be seen from Fig. 56, with a 
comparison of temperature curves of New Haven and zonal circulation, 
it is possible to replace only the tendency to similarity of variation 
and coincidence of basic maxima in the 1920's and minima from the 
beginning of the century and in the 1940's. In Upernavik there are 
noticeable certain shifts in the course of temperature with respect 
to the variation in temperature at New Haven and the course of zonal 
circulation. There is basis to assume that the reason for this is 
the greater role of other forms of circulation (meridional) in the 
northern regions as compared to southern. Inconnection with this it 
is necessary to pay attention to the fact that. Just as in January, 
after 1950 the total recurrence of types of circulation 5, 11 and 12 
drops, which in the period from 1951 to 1950 is compensated by an 
increase in recurrence of Type 7 and in the 1950's, a Type 8 (which, 
however, for sector 1 there are special distinctions as compared to 
Type 7). 

In March the circulatory characteristics acquire certain features 
peculiar to the transition season of the year. Although, as in 
preceding months, the basic forms of circulation remain zonal and 
disturbance of zonality, the variation of which is opposite but the 
amplitude of fluctuation of them with time is less considerable, the 
number of days in the month when they are abserved is also decreased 
(not more than 15 on the average for a 10-year period). In the 
remaining days of the month the basic form of circulation is 
meridional northern (up to 7.6 day). 

The proportion of Types 11 and 12 in the perennial average is 
identical, and after 1940 the recurrence of Type 12 is considerably 
gréater than that of Type 11. All these conditions lead to the fact 
that good coordination of variation in temperature with some form 
of circulation is not observed. 

In April reconstruction of the circulation continues in 
accordance with the transition season in the same direction as that 
in March, - opposition of the course of zonal circulation and 
disturbance of zonality, increase in proportion of the meridional 
northern. The predominate in the perennial mean becomes Type 12, and 
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the next types are 7, 10 and 11. 

These conditions were reflected In the variation in temperature 
in such a form: curve of temperature in New Haven with insignificant 
amplitude of variations in general follows behind the variation in 
zonal component, and the temperature in Upernavik is changed opposite 
to this movement. Let us try to express certain considerations of 
the reasons for this. 

The lowest 10-year mean temperatures of April were observed 
in Upernavik in periods of approximately 1913-1922 and 19^3-1952. In 
the first of these periods the recurrence of zonal circulation was 
small and almost identical with the recurrence of disturbance of 
zonality (10.3 and 10.5 days respectively). During this time, on a 
level with Type 12, characteristic for spring Type 11 had great 
recurrence, which for this season is unnatural. Zonal flows went 
more farther south (Pig. 28), and on the northwest of Greenland 
conditions for cooling were created. In the 19^01s recurrence of 
zonal circulation attained their greatest values, but the temperature 
of Upernavik was nevertheless low, since with great recurrence of 
Type 7 zonal flows went, as in the first decade, farther south (Fig. 
31). The highest temperatures were observed in Upernavik in the 
1920's and 1930's. The relationship between recurrence of forms of 
zonal circulation, disturbance of zonality and meridional circulation 
is the same as that in the decade 1911-1920, but recurrence of Type 
11 sharply decreased and the temperature in this period was 
considerably higher than that in preceding years. 

In May the recurrence of the form "disturbance of zonality" 
considerably drops and its course is no longer opposite to the course 
of zonal circulation, and the meridional northern acquires an even 
greater circulation. Under such conditions it is impossible to 
expect good coordination of variation in temperature with any one 
form of circulation, all the more so that variations in temperature 
are small, at New Haven the difference in the 10-year mean temperatures 

does not exceed 1 3° and at Upernavik, 2.1° 

In June the basic forms of circulation are zonal and meridional 
northern circulation. Variations in recurrence of each of these 
10-year forms from one decade to the other has great amplitude, but 
the air temperature reacts weakly on them its(variations are 
insignificant). 

In July on an average over 60 years types of circulation 2 and 4 
predominate and in a separate 10-year period, also Type 10 (Figs. 34, 
33 and 32). 

The zonal component acquires much weight (its recurrence is from 
14 to 21 days per month), and the variation in ^emperature in 
Upernavik well agrees with the course of zonal circulation. In 
New Haven with small variations in temperature it is difficult to set 
the degree of similarity objectively (Fig. 37). 

In August, September and October during great variations in 
recurrence oí circulatory characteristics variations in temperatures 
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Pig. 37. Number of days with zonal 
circulation and air temperature according 
to moving 10-year periods. First sector. 
July, December. 

are small; in November, conversely, the recurrence of zonal component 
and disturbance of zonality is held very stably, the recurrences of 
them being almost equal. The variation in temperature does not 
correspond to them, apparently, because of the complexity of 
interaction of circulatory components between themselves. 

In December the basic forms of circulation as before are the 
zonal circulation and disturbance of zonality, the course of which 
in general is opposite. In New Haven variations in temperature are 
small and correspond little to the variation in zonal circulation, and 
in Upernavik the coordination of the variation in temperature and 
circulation is obvious (Pig. 37). It is evident especially clearly 
in the period of warming. In the period when recurrence of zonal 
circulation is least (1917-1926), the dominating influence is the 
disturbance of zonality and meridional northern circulation the course 
of which is parallel, and the mean total recurrence for this decade 
is 18.3 day per month. This is explained by the noncorrespondence 
of temperature of Upernavik in this period with variation in zonal 
circulation. An analogous position is observed in the period 
1941-1950. 
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5.2, Second Sector 

January. The basic circulatory form, just as in the first 
disturbance2^!?3,1 c-?‘^laî'lon (from 12 to 20 days per month), the 

sturbance of zonality in this sector is observed rarely* and a 
fh^reTaf?16 hf1"6 cSi?la^ed by tiie meridional southern circulation, 

he relationship of it with zonal circulation is rather comDlicated• 
up to the decade 1921-1930 its course is opposite to the zonal course 
itLln ^n nrl0á,°í aï0^ ^37-1946 their course is pSrallefto S' 
confnrmiïf Greenwich, Kola, Leningrad and Kiev one can see the 
and S wLmiírS íhaSm® of/,tÍL?ífridional southern circulation 

southern°cironiffi'in tb« father freat recurrence of meridional 

îea,hith the sharp i"crease of «=u?reS of Tjpe Í2y¿e compared to later years. 
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Fig. 38. Number of days with meridional 
southern and zonal circulation and the 
air temperature according to moving 
10-year periods. Second sector. 
January, February. 
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It is characteristic that the variation in temperature in the 
period prior to 1921 in Kiev agrees better with the course of the 
meridional southern circulation than that in a more northern stations, 

Leningrad and Kola. 

For February there is given a comparison of recurrence_of zonal 
circulation only with temperatures of stations of Kola and Kiev, 
since in Greenwich variations in temperature are small, and in 
Leningrad they are not clear and systematic enough to judge their 
connection with circulation objectively. The basic circulatory 
characteristics are zonal circulation and meriodional southern 
opposite to it in the course with time. Great recurrence of zonal 
circulation is connected with low temperatures of Kola. In those 
periods when zonal circulation is rare it is basically replaced by 
the meridional southern circulation bringing heat. 

Prior to 1940 variations in temperature at Kola and Kiev have a 
mirror character, which is in accordance with the predominate types 
of circulation; starting from the period 1941-19^0 the variation in 
temperature at Kola and Kiev is basically parallel. Such a distinction 
becomes intelligible if one were to remember the synoptic situations 
depicted on Figs. 50, 28, 29, and consider that after 1940 the 
recurrence of Type 12 was increased. 

In March traits of a transition season are noticeable. The 
proportion '07 types of circulation 11 and 12 decreases, on a level 
with Type 5 importance is acquired by Type 7 and in separate 10-year 
periods. Type 8. Although zonal circulation predominates, at the 
same time the role is increased of not only the meridional southern 
but also meridional northern circulation. In these conditions it is 
impossible to expect good coordination of the variation in temperature 
with any one form of circulation. 

In April the recurrence of zonal circulation considerably 
dec reases ariï is compared practically with the recurrence of the 
meridional northern, meridional southern and disturbance of zonality, 
but the maximum values of recurrences are apportioned to various 
periods: the course of zonal circulation is opposite to the course 
of disturbance of zonality, and the course of the meridional northern 
is opposite to the course of the meridional southern. 

With such a synoptic situation, as one should have been led to 
expect, the relationship of temperature with whatever one form of 
circulation cannot be quite clear. 

In May the basic form (in recurrence by circulatory form) is the 
meridionalnorthern, and the same course with respect to it is that 
of the disturbance of zonality. Variations in temperature in 
Greenwich ere opposite to the v&ri&tions in Kolo.* Leningr&d end Kiev* 
which is fullv intelligible if one were to consider that in May 
Síes 12 and 10 predominate (Figs. 29 and 52). The variation in 
temperature in Greenwich is basically parallel to the course of the 
meridional northern and. at the remaining stations is opposite to it. 



Pig. 39. Number of days with meridional 
southern and meridional northern 
circulation and air temperature according 
to moving 10-year periods. Second sector. 
April, May, June. 

In June in the perennial mean Types 10 and 4 predominate; both 
are characterized by Arctic intrusions in the examined sector. The 
predominant forms of circulation are the meridional northern and 
disturbance of zonality, and in certain years there also is quite 
often observed zonal circulation. The course of temperatures is 
opposite to the meridional northern course (Pig. 39). 

July, according to the character of circulation, is already the 
typicãTsummer month. In the perennial mean Types 2' and 4 are most 
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frequently observed and In a certain 10-year period, also Type 10. 

î? ÎnnîiHÎioîïf basic form of circulation is meridional northern, but 
of considerable importance also are the disturbance of zonality and 
zonal circulation. In connection with this the conformity of 
temperature with any one form of circulation is expressed less 
clearly than it is in June. y 

^^filiS^^^sarae^types of circulatiop as in July predominate 
(Table loJ. The basic forms are the disturbance of zonality and 
zonal circulation opposite it in departure. Of the same order is the 
recurrence for the meridional northern, but variations of it with 

rivT* the 5;m?litude is less than ^ days)< and therefore its 
role In the change of temperature from year to year is insignificant 
As can be seen from Pig. 5o, the variation in temperature of all 

JîLÎnf-fî ls.wei1 linked with the variation in recurrence 
of zonal circulation (and, consequently, with the disturbance of 

. according to circulatory characteristics, 
transition is seen from summer to autumn. Types 12 and 7 are already 

circulation*í'?eSuently there ^served a meriodional northern 
SÎÎnïïîÎÎ« it 1? daïs Per month); during years with its lowered 

P replaced on the whole by disturbance of zonality 
and zonal circulation, which during this time are practically reseated 
often equally. Thus, for example, in the decade igít-lSs the 
numbers of days with zonal circulation, meriodional northern and 

of zonality are equal to 9.0, 7.1, and 8.2 respectively. 
This relationship between recurrence of different forms of circulation 
results in the fact that variation in temperature does not have a 
close connection with any one form of circulation. 

In October the transition character of circulation is even more 
°5 a level.with ev«n considerable (in a perennial average) 

recurrence of summer types the proportion of circulatory Types 11 and 
5 is increased. Almost identical recurrence (up to 12-13 davsl is 

?fiBhoü?ÜÎÎ-iK an£ meridional northern circulations whose course 
®PP0?lte» but meridional southern is also repeated 

fre(lu®htly (wp to 10 days). Such relationships do not lead to 
good connection of the temperature with any of the forms of 
circulation. 

Circulatory characteristics of November have a tvninanv uínto». 
character. Predominate types of clrcüTation are 11, 12 and 5. Thl 

?2SLfreque5ily rePeated 18 the zonal circulation and meridional 
T£e course of temperature in Greenwich, Kola, Leningrad 

KíeY,is basJcaily opposite to the course of meridional southern 
but there are definite distinctions in the north and 

f îhe s®2tor‘ ,In a Period with a small number of days with a 

SÍ«ÍftÍ:?nf’J»H0yíSeSn^CÍr\UlaÍ40u (about 5-6 days) zonal circulation 
??ys^J which caused relatively high temperatures. 

In the period when the recurrence of meridional southern circulation 
T +K4 # zonal circulation has an almost identical recurrence with it 
ÍÍL-ÍÍÍ'8 c??6 the interaction of both forms of circulation should 
MTect differently the variation in temperatures of the northern and 

!.m 
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temperature according to moving 10-year 
periods. Second sector. Auguft, 
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A comparison o^th^ai^temperature^ith0^ circulation predominates 

The variation in temperature in Kola and Leningrad starting from 
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fh* npriod 1Q16-1Q25 aerees well with the recurrence of zonal 
eirculatlon»9imd in earlier years when the number of days with zonal 
circulation is almost equal to the number of days with meridional 
southern circulation this plays an important role and assisté in the 
appearance of a secondary temperature maximum. The course of 
temperature in Greenwich and Kiev is opposite in theii phase to the 
course of temperature in Kola and Leningrad, as can ^ ®xP^ted with 
Types 5 and 11 (Figs. 30, 28). It clearly agrees better with the 
course of the meridional southern circulation. 

5.5. Third Sector 

In circulatory characteristics in the winter this sector 
considerably differs from the second sector. 

in January the basic form of circulation is the stationary 
dobition which is observed from 14 to 24 days per month. In remaining 
days o? the mSníh In most cases is replaced by a meridional northern 
circulation, so that the course of these forms of circulation is 
opposite to each other. Comparing the course of temperature of a 
series of stations with the recurrence of the stationary position 
ÍFig. 41), we see that results of this comparison in various parts of 
the sector are different. In the Malyye Karmakuly in a period of 
about 1911-1920 a small number of days with stationary position 
corresponded to very low air temperatures, and J;n the 
1936-1945 just as low a number of days with a stationary position 
corresponded to high temperatures in the Malyye Karmakuly. l!? 
Salekhard located to southeast both minima of recurrence of stationary 
position corresponded to comparatively low temperatures, 10 
shows that in the period 1911-1920 the recurrence of Type 12 is 
considerably greater than that in the 1930's when recurrence of Type 
c 4s greater than that of Type 12, Examining Figs. 30, 28, 29» we 
see tSt tó aligaste winter types (11, 12 and 57 both the Malyye 
Karmakuly and Salekhard lie close to the border dividing the oyolonlc 
and anticvclonic regions. This can condition the distinction in 
variation in temperatures at these stations in various time periods. 

Variation in ‘temperature in Kazalinsk, as was already noted by 
Rubinshteyn in previous works (1946, 195^), is opposite to the 
variation in it in Salekhard. Kazalinsk is in the zone of the Asian 
anticvclone, and the stationary position causes here a lowering of 
the temperature and the meridional northern circulation, ios growth. 
The same trend is observed in Barnaul whose temçer&tMTe is 
considerably stabler from year to year than it is in kazalinsk. 

In February the basic circulatory characteristics are the same 
as those in January; basically a stationary position predominates. 
Meridional northern circulation has a smaller recurrence than it 
does in January. In periods when the number of days with stationary 
nn Bit inn til small there is observed not only a meridional northern 
but partially a disturbance of zonality and zonal circulation. Thus, 
for example, in the decade 1949-1958 the number of days with a 
stationary position is 10.0, with a meridional northern, 7.9, a 
disturbance of zonality, 5.4, and with zonal circulation, 4.7. I 
is natural that in such periods great conformity in the course of 



Fig. 41. Number of days with a stationary 
position and meridional northern circulation 
and the air temperature according to moving 
10-year periods. Third sector. January, 
February. 

air temperature with recurrence of the stationary position is absent 
On Fig. 41 conformity with temperature of stations Malyye Karmakuly 
and Salekhard can be seen especially clearly only in the period of 
the maximum of days with a stationary position. 

The course of temperature in Kazalinsk and Barnaul corresponds 
to the recurrence of the meridional northern. 

In March, as before, the greatest recurrence has a stationary 
position and meridional northern circulation, but they already in 
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only certain periods have an opposite course, since the importance 
of other forms of circulation increases, A comparison of temperature 
at the stations Malyye Karmakuly, Salekhard, Kazalinsk and Barnaul 
with recurrence of the meridional northern circulation shows an 
opposite course of them: the meridional northern circulation is 
connected with the lowering of the temperature at all stations. 

In April a comparison of temperatures in Malyye Karmakuly and 
Salekhard with recurrence of the stationary position, which in this 
month is observed most frequently, does not show full conformity 
between them. This is explained by the considerable proportion of 
remaining circulatory characteristics. Let us explain this in 
following example. At both stations the highest temperatures are 
observed in the period near 19^1-1950 coinciding with years when the 
number of days with stationary position and with meridional northern 
circulation is close to the minimum. In the period near I92I-I930 
the recurrence of the stationary position is also small, but the 
number of days with meridional component is almost ? times more than 
it is in the first case, and the temperature in Malyye Karmakuly and 

Salekhard is 5-7° lower than that in the decade 1941-1950. 

The distinction of these two decades is well seen in Table 10. 
In the decade 1941-1950 the recurrence of Type 12 sharply decreases 
and the recurrence of Type 7 increases as compared to that of the 
decade 1921-1950. 

In Kazalinsk the period of low temperatures coincides in time 
with the northern stations, but the rise in temperatures in the 1940's 
and beginning of the 1950's Is no longer observed, and in Barnaul 
it is still preserved. Since these trends are expressed less 
noticeably than those at northern stations, these data are not given 
in Pig. 42. 

The period from May to August has much in common to the 
circulatory indices. First of all the similarity consists in that 
the number of days with different forms of circulation is distributed 
more evenly than it is in winter. In May the basic forms of 
circulation are meridional northern and zonal circulation, the course 
of which is basically opposite. In June and July the basic form of 
circulation is the disturbance of zonality, and the stationary 
position has an opposite movement but its recurrence is small. 
Analogously, an opposite course is found in the meridional northern 
and zonal circulation, the numbers of days with which in June are 
baisically of the same order; in July recurrence of zonal circulation 
somewhat exceeds the recurrence of the meridional northern. In 
August the basic form of circulation is also the disturbance of 
zonality, and the meridional northern and zonal circulation have an 
almost identical recurrence and opposite course. The number of days 
with a stationary position is insignificant. Under such conditions 
in the summer period a clear parallelism between one of the 
circulatory characteristics and temperature is impossible to expect, 
and all the more so that in the southern regions the variations in 
temperatures themselves are small. 

In September, Just as in the preceding months, the number of 
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Ptg. 42. Number of days with a meridional 
northern circulation, stationary position 
and disturbance of zonality and the air 
temperature according to moving 10-year 
periods. Third sector. March, April, 
September. 

days with various forms of circulation is almost equal, where the 
zonal circulation has a course opposite to the meridional northern, 
and the disturbance of zonality is opposite to the stationary 
position. Figure 42 gives a comparison of recurrence of the 
disturbance of zonality and variation in temperatures in Malyye 
Karmakuly and Salekhard. At the more southern stations variations in 
temperature are small. 

October in a circulatory relation is the transition month to the 
winter type. The stationary position dominates, but, as one can see 
from Table 10, in the perennial mean Types 1, 5, 7, 8, 11, and 12 
have almost identical recurrence, Such position results in that good 
conformity of any one circulatory index with temperature conditions 
is not observed, and only definite trends of similarity between them 
are revealed. 
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Barnaul 

Fig.'^5. Number of days with stationary 
position and meridional northern 
circulation and the air temperature 
according to moving 10-year periods. 
Third sector. November, December. 

In November the stationary position on an average for a 10-year 
period is observed from 14 to 21 days per month. Variation in 
temperature in the Malyye Karmakuly and Salekhard basically 
corresponds to a circulatory characteristic, but qualitatively the 
difference in temperatures at these stations in different time 
segments, which characterizes the intense warming of the 1950's, is 
much more sharply pronounced than the difference of days with a 
stationary position in corresponding periods. It is necessary to note 
that this was also observed in January and February. The variation 
in temperature in Barnaul is basically linked with the recurrence of 
the stationary position only in the first half of the period. 
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- „ r^-embfr circulatory characteristlcB differ little from thoee 
°L?°VeraDer*„ \cot?iparison of the course of temperature with the 
recurrence of the stationary position is difficult to produce, since 

neí?^gM7to?rf0niÍnates ib is held ver^ stably duringPthe wh¿ir 
?erl?u4^17days pef month as an average for the 10-year period). 

bhis reason Pig. 43 gives a comparison of temperature with the 
recurrence of the meridional northern circulation. In the Malyye 
Í!^UlyJthere is distinctly seen feedback between them into the 

Prier to Í930; in Salekhard this connection becomes direct, 
and in Kazalinsk and Barnaul it is more clearly expressed after 1930, 

3.^. Fourth Sector 

First of all one should note that in this sector the 
relationships between circulatory characteristics and air temperature 
are expressed often less clearly than those in the preceding sectors 

and spread basically over the territory to the north of 6o° N. Lat 
In winter months here mainly a meridional northern circulation is 
observed^ The number of days with such circulation in January is 
from 15 to 25 on an average for a 10-year period. -^ 

Yafiati°n k? temperature in Kyusyur, Vilyuysk and Yakutsk 
basically coincides with the recurrence of the meridional northern 

Cor?U?'4'tioni h11? varlatl-ons in temperature are not proportional 
variations in circulation. Thus, for example, the least number of 
d ï^nîiAir1 raeridional northern circulation was observed in the 1930's 
and 1940's, and a secondary minimum in the beginning of the century 

f^Press®d. considerably weaker. At the same timethe temperature 

theV1930^skaíd 1940'°f th® century is lower than ib is in 

February circulatory characteristics almost completely 
coincide with those of January, but the connection of them with the 
temperature regime is the reverse. To explain the cause of this as 
Mnrr£emhñ+8,ucce88ful• Almost the same picture is observed in 
i!2££j2> but it iß expressed not as sharply as it is in February in 

^February faCt that variations in temperature are less than those 

__ Jn Ãg£ii the meridional northern circulation is still observed 
n than other forms of circulation, but recurrence of it 

on thpSive£fl«yf*leSS íoan that in Pfecedins months (from 6 to 14 days 
aJfeJa6e f0^ a 10-year period). The distribution of days with 

different forms of circulation becomes more uniform, and with a 
S°+ 0f bhe temperature with any one form of circulation it is 

outline6 t0 n°te similarlty in them only in the most general 

!n Mgvjjustas in April, the distribution of days with various 
I Circulation Ifi mor'A ovonl^r 4 4» 4 m J — ...4 .^ ..1_ forms ofcTrculation is mSre evenly tian it is in winter, wSeietS 

ríciíi*rence4Sf meridional southern circulation is greater than that 
of the meridional northern, and the disturbance of zonality has a 
course opposite to the meridional northern. A comparison with the 
temperature permits noting only general trends in the course of the 
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temperature and circulatory indices. 

In June the most frequently observed is the disturbance of 
zonality, and in number of days it only somewhat exceeds the 
meridional southern circulation whose course is basically opposite. 
The recurrence of other forms of circulation is insignificant. Under 
such condition as Pig. 44 shows, the variation in temperature well 
agrees with the course of the disturbance of zonality. 

In July the basic forms of circulation are the same as those in 
June, where the recurrence of them is increased. Disturbance of 
zonality is observed from 11 to 18 days per month on an average for 
a 10-year period and the meridional southern, from 9 to 15 days. The 
course of these forms of circulation is basically opposite. 

A comparison of the course of curves of disturbance of zonality 
and temperature shows that conformity is observed only with Kyusyur 
and Vilyuysk. With Yakutsk, located farther south and east of the 
indicated stations, there is observed a reverse trend - a lowering 
of the temperature with an increase in the number of days with 
disturbance of zonality. Distinction in the course of the curves as 
compared to June, apparently, is connected with a considerable 
increase in July of the recurrence of types of circulation 2 and 4 
(Table 10, Figs. 54, 55). 

In August the same circulatory forms as those in the preceding 
summer months preserve their importance, and in September there is 
considerable importance in the meridional northern circulation owing 
to a certain decrease in the number of days with remaining forms of 
circulation. However, in both August and September the variations in 
temperature are small and it is difficult to judge the conformity to 
their components of circulation. 

In October the meridional northern circulation becomes already 
the basic form of circulation (from 6 to 19 days per month on an 
average for a 10-year period), but during years when it is rare.1 v 
observed it is replaced by a stationary position and disturbance of 
zonality, and therçfore good conformity between the course of 
circulatory characteristics and temperature is not observed. 

In November and in December the circulation takes on a typical 
winter character with great predominance of meridional northern 
circulation and in accordance with the decrease in the proportion of 
other forms of circulation (Fig. 45). In these conditions there is 
observed good conformity with the variation in temperature, where in 
November the variation in temperature is reverse to the course of 
the meridional northern circulation, but in December it is parallel 
to it. The same phenomenon was shown with respect to other winter 
months. Thus in December and January the course of temperature and 
course of the meridional northern circulation are parallel, and in 
November, February and March they are opposite. As was already said, 
this phenomenon not accidental, but for its explanation special 
investigation is required. 
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Fig. 44. Number of days with meridional 
northern circulation and disturbance of 
zonality and the air temperature according 
to moving 10-year periods. Fourth sector. 
January, February, March, June. 
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Fig. ^5. Number of days with meridional 
northern circulation and the air 
temperature according to moving 10-year 
periods. Fourth sector. November, 
December. 

3.5. Fifth Sector 

For the Pacific Ocean sector during a number of months there is 
typically predominance of zonal circulation. In the period from 
November to March the number of days with zonal circulation in not 
one decade was lower than 19, and in separate decades it reached 
26-28. With such stability of circulation one should have expected 
good conformity of recurrence of zonal circulation and air 
temperature, but this is not observed. In this region there are 
observations with insufficiently long, frequently nonuniform series, 
which hampers a comparison. Many stations are located on seacoasts 
or islands, and therefore variations in temperature on them from year 
to year are greatly smoothed and this hinders more or less 
objectively the establishment of conformity of circulatory indices 
and temperature. 

In April and May although zonal circulation remains predominant, 
the proportion of the meridional northern circulation and disturbance 
of zonality increases, and from June to August a stationary position 
predominates. At this time of the year interannual variations in 
temperature are so small that it is especial difficult to reveal 
conformity with the circulation. 
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In September the numberr. of days with different forms of 
circulation differ little from each other, but nevertheless transition 
to winter conditions — predominance of zonal circulation, is noticed. 

In October the predominance of zonal circulation is already 
sharply expressed (from 16 to 25 days per month on an average for a 
10-year period), but the variation in temperature, as in preceding 
months, is little. 

5.6. Sixth Sector 

In the sixth, American sector in the winter the meridional 
northern circulation sharply predominates, but Pig. 46 shows that 
the course of the curves is rather complicated. In beginning of our 
century recurrence of the meridional northern circulation in January 
was highest, up to 27 days per month on an average for a 10-year 
period, and it corresponded to the lowest temperatures in Dawson and 
Winnipeg. In this period recurrences of the basic winter types of 
circulation (11, 12 and 5) were close to the perennial average. In 
the period near I92I-I930 the number of days with meridional 
circulation considerably decreased, and recurrence of Type 12 fell 
in comparison to the preceding period three times while recurrence 
of Types 5 and 7 increased, and the temperature in Dawson and Winnipeg 
increased. A secondary maximum of recurrence of the meridional 
northern circulation at the end of the 1930's and beginning of the 
1940's corresponds in contrast to that which was found near the 
period of 1911-1020, the highest temperatures in Dawson and Winnipeg. 
Prom Table 10 it is clear that in these years Types 11, 12 and 5, 
which is replaced by Type 7, are smaller in proportion. 

In February the character of the circulation is the same as that 
in January, but with a comparison of temperature with recurrence of 
the meridional northern circulation there were revealed the following 
differences. In Dawson the variation in temperature in the beginning 
of the century is parallel to the variation in number of days with 
meridional northern circulation, which, possibly, is connected with 
a certain increase,in recurrence of zonal circulation. Variation in 
temperature in Dawson and Winnipeg is opposite, and consequently, 
the role of the meridional northern circulation in more southern 
latitudes is already different from that in the northern. 

In March and April, although the meridional northern circulation 
remains predominant, the recurrence of it as compared to the winter 
months decreases, and the number of days with remaining forms of 
circulation is increased. In connection with this both in March and 
in April the conformity between the course of recurrence of meridional 
northern circulation and temperature of Dawson is observed only in 
basic features: the highest temperatures correspond to a small 
recurrence of the meridional northern circulation and the lowest — 
to great recurrence. 

In Winnipeg just as in February, connection between temperature 

I67 
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Fig. 46. Number of days with meridional 
northern circulation and the air 
temperature according to moving 10-year 
periods. Sixth sector. January, 
February, March, April. 
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and circulation is weakly expressed. 

From May the meridional northern circulation is not predominant. May _ __ s-** xo 11WU acuum 
numbers cf days with different forms of circulation are 

distributed^more^eyenly than in the preceding months. From June to 
August there predominates a meridional southern circulation,“TH“ 
leptember and October there begins transition to a winter character 

distribution of forms of circulation with predominance of a 
??ridí:onal northern, especially in November and December. However 
in not one of these months is there“observed good conformity between 
temperatures and circulatory characteristics. In the warm period of 
the year it is difficult to establish such conformity objectively 
because of small variations in temperature and in other months because 
of the more or less identical proportion of various forms of 
circulation. 

21 • Appraisal of Nonrandomness of the Change in Indices 
of Circulation - 

11 thefe was discussed the method and given the 
criterion of the appraisal of nonrandomness in a series of 
meteoroiogica! observations. In Chapter III with the help of this 
criterion it was shown that the change in the course of the moving 
lO-year mean temperatures exceed the bounds of the random change, 
this chapter one should check whether or not changes in the moving 
10-year numbers of days have a random character with a certain 

^ndex. Given below for selection are certain results of 
tnis check. 

In 

s?ct?r appraisal was performed of nonrandomness 
of.the course of zonal circulation in January and February (Fig. 38) 
nvnhah? Ju^® (Fig. 39). Calculations showed that 
probability of the fact that the course of the circulatory curve is 
nonrandom in January is 95.5$* in February 98.8$, and in June 99.95$. 

For the fourth sector curves were checked of the course of 
ao^hern circulation in January and February (Fig. 44) and 

in November (Fig. 45). Results of the check showed that probability 

ll 0f theae Januari' ^ i’.bruary 

Generalizing all the above stated, it is possible to sum ud 
certain results. Circulation of the atmosphere is an important 
factor of the formation of climate, but, inasmuch as this factor is 

primary one and only intimately connected with solar radiation 

thf íífK,SaíacÍer of £he denying surface, full conformity between 
the change in temperature with time and circulatory indices should 
not be expected. Basically the connections between them in winter 

til 4h?n in warm Period of the year. The reason 
for this is that in winter contrasts of temperatures between low and 
high latitudes, and also between the ocean and the tnn.in1«nd are 
?hfa!ifrt-!o+?n are 111 the sununer. In the summertime the role of 
the radiation factor considerably increases, and in connection with 
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Table 13. Number of Days in a Month with Different Forms of 
Circulation (on the Average for a 10-Year Period) 

Sector 

I 

II 

III 

IV 

V 

VI 

January 

June 

February 

January 

June 

January 

Form of circulation 

Zonal. 

Meridional northern. , . . 

Stationary position. . 

Meridional northern. . . . 

Stationary position. . . . 

Meridional northern. . . . 

Number of days 

least 

10 

15 

5 

17 

greatest 

16 

16 

21 

25 

15 

27 

that the interannual variability of temperatures decreases and the 
conformity between conditions of temperature and forms of circulation, 
as a rule, weakens. 

Objective judgement on the degree of conformity of air 
temperature and forms of circulation (with parallel or mirror course 
of compared values) is possible only when variations in their values 
from decade to decade will be sufficiently great. Great changes in 
temperature rate are well-known. In order to give an idea of the 
variations in number of days from a certain form of circulation, let 
us cite several examples (Table 13). 

As can be seen, in the same month of the year variations in the 
number of days with the same form of circulation can reach 7-11 days, 
i.e., of the order of 25-30# of all days of the month. 

In those periods when a relatively small number of days with the 
basic form of circulation for the given sector and month of the year 
is replaced by a form whose course is the same with respect to the 
first, and usually the connection (direct or reverse) of these forms 
of circulation with the course of temperature is well defined; with 
uniform (by number of days) distribution of three or four forms the 
resultant effect of their influence on temperature can appear 
different in different cases and the connection with temperature 
weakens. 

Thus far there has been discoussion of the complexity of 
objective exposure of the connection between the change in air 
temperature and circulatory indices, which is caused by the very 
nature of distribution of temperature and forms of circulation with 
time. However, a great deal of difficulties were introduced into 
the investigation and imperfection of the typification of atmospheric 
processes. Thus, for example, in the course of the work it was 
clarified that basically the connection between the character of 
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circulation and temperature could be established in the northern and 

middle latitudes (to the north of 50" N. Lat.) and only sometimes up Q ^ w • f vuj-y öwmeo unes up 

tLLailonsMÍs^e^íL^niy^tn^eSainÍonthr^ku^ »ruäSy 
froTyeaí ífyeãftfííe^ou^^aless?'' v“rlatlons ln ‘«"P^ature 

There is basis to assume that the worst connectione in th» »»e* 
(northern parts of the fourth, fifth and sixth sectors? arï 
caused by lesser study of these regions in a synoptic relation^in1^ 
w?thCHS^ in^efrlier years" in consequence of which the number of davs 

corree tly?e<4 °f “eather 00uld not al”aya »P deSrSSf ^ 

to v^l^y^raSsphtílc^p^èãS II 
?nmnei cí i^PP® triiforc, for the whole hemisphere. The same Drocessas 

a definite sector of the hemisphere can be combined with diffpront 

“hi=h ia p-»»" pÄdwSis ä?‘ 

5- Indices of Circulation 

Ji16 lT!2erîec}^n of many typifications of atmospheric Drocesses 
including the typifications of Dzerdzeyevskiv used in thp n^p<a»nt 9 
lZt.ltnsUl‘ la f*1*1 they ^ consider the8intensity SIS 
llrlllltUn thie PUrpOB' lt 18 "PPPPPPhy to use Indlces of 

Different indices are used as indices of circulation Thn« 
Rossby used differences in pressure between definite * 

latitudes as indices of zonal circulation. Vitel's (19475 oronosed 

a°total tnalT^alîïïîr.îî of circulation in the giïen ^egion a otai index, considering the mean depth of cvelones and mpan 

circulation0naíônsLwithad?ff0hn8On ^î959) USed as indlces ot ? 
îaSSdesralto ïfeïces SÄmÄ ÄMnters 

îgSSi^oo^the’sDecifio f?0631 ftlnosPherlc circulation Kats (1954, 
unit nf ?ïmo 4ifl fl2w of air ^38 in a definite layer per 

Se reLuS^of^ndïcefofzimirtLCmeÂaî 
index of Kats can be obtained by means of simple calculations of the 

ÂÏ an^different^evels.Wlth 

In the works of Girs (i960) and Kats ÍIQ60! thofo -io „„„ „ 
sufficiently complete survey of other indices proposed bv various 
authors, and their merits and deficiencies are noted Thereto 

thBt^nn+i10 ?ee<î to dï!e11 0n this question, and one should only note 

«tiîÂ?ïisfiÂl^s.âiæïc1.“.ln,ll<!itM “• 

The most contemporary work considering the many deficiencies of 
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Pig« ^7. Course of 
zonal Indices 
(quotients J± and J1+2 

and total J) and air 
temperatures along 
moving 10-year 
periods. 

preceding works is that of Kats (i960), in 
which he proposes a system of quantitative 
physical indices for study of the mean 
perennial characteristics of circulation and 
their concrete manifestations in different 
form and intensity. Measure for an appraisal 
of the general circulation of the atmosphere 
is the quantity of air transferable above a 
region, and as quantitative indices of 
circulation the mean intensity of mass air 
transfer in latitudinal (zonal index) and 
meridional (meridional index) directions 
and also index of the number of days with 
meridional processes are accepted. 

Unfortunately, we could not use the 
classification of macroprocesses by indices 
of Kats, since it is produced by him only 
for the period from 1938 and cannot serve 
for determining the connections with 
variations in temperature during 70-80 years. 
Furthermore, it is developed only for the 
Atlantic-Eurasian sector. 

Mandel1 (1966a, 1966b) shows the 
possibility of approximate calculation of 
the intensity of zonal circulation only 
according to data of surface observations, 
and this permitted him to restore a series 
of mean monthly values of intensity of zonal 
circulation in the Atlantic-Eurasian sector 
since 1891. The connection of this series 
with the mean monthly temperature of air 
(by moving 10-year periods) is shown in 
Pig. ^7. Shown on this figure the connection 
of the temperature in Berlin with values of 
the Iceland-Azore interlatitudinal gradient 
and the temperature located further eastward 
of Lugansk with the mean interlatitudinal 
gradient of two profiles Iceland-Azore and 
Murmansk-Nicosia, and for a comparison with 
the temperature of Tomsk there is taken an 
average of three profiles, the two indicated 
above and the Salekhard-Tashkent profile. 
As can be seen from Fig. 47, the connection 
of the temperature with the index of 
circulation of Kats is rather good. 

Despite, however, the importance of the use of indices 
characterizing the.intensity of circulation, at present it is still 
impossible to use them for establishing the connection with 
temperature for the whole hemisphere because of the fact that 
investigation is conducted only in one sector, but in this sector 
there is still need of further improvement. 

In this chapter the presence of the connection of atmospheric 
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circulation with air temperature and the character of this connection 
are shown. At the same time deficiencies of the used typification 
or atmospheric processes are evident, resulting in the fact that 
with the help of this typification it is difficult to establish the 

connection with temperature to the south of 45-40° N. Lat., also in 

the southern part of Eastern Siberia (to south of 50° N. Lat.) and 
in the Far East. In certain cases it was possible only to ascertain 
the discrepancies between circulation and variation in temperature, 
the explanation of which at this stage of the work was impossible to 
give. It is possible that this is connected with the change in 
borders of sectors in various parts of the period studied. 

For a more thorough study of the connection of atmospheric 
?ir<riJjk^on with air temperature development is necessary of the 
typification taking into account the intensity of atmospheric 
processes and with the introduction of such indices which would 
permit revealing this connection at least in the whole temperate 
zone. 

This represents already the following stage of the work. 
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CHAPTER V 

CYCLIC RECURRENCE VARIATIONS IN AIR TEMPERATURE 

1. Introductory Remarks 

At present it is possible to consider sufficiently founded the 
connection of large-scale variations observed in the troposphere 
with cyclical variations in solar activity of 11, 22 and 80-90 years 
in duration.1 

Questions of the influence of solar activity on processes in the 
troposphere and climate are studied by an enormous quantity of 
investigations. Among them it follows especially to note the works 
of L. A. Vltel's, who introduced a perceptible contribution by his 
long-term investigations into the development of this problem (see 
Vitel's, 19^6, 1948, 1949, 1951, 1956, 1957, 1959, I960, 1960a, 1962, 
1963, 1965). 

A sufficiently complete survey and critical remarks for the 
most part of the wt>rks devoted to the sun-tronosphere problem are 
expounded in the monographs of Eygenson (1963), Rubashev (1964) and 
Sazonov (1964) published in recent years. 

An important result of investigations of heliogeophysical 
relationships is the law of accentuation of troposphere processes 
under the influence of changes in solar activity. The essence of it 
(in the final editing of Vitel's, 1948) consists in that the increase 
in solar activity causes an increase in baric contrasts, i.e., a 
deepening of cyclones and power Increase in anticyclones. The 
ambiguous influence of solar activity on baric circulatory and thermal 
conditions of the atmosphere causes a great diversity in the 

1There are assumption about the existence of cycles of higher 
order (I80, 350, 400, 600 years, etc.), but, revealed only by indirect 
data, they remain as yet hypothetical. 



manifestations of helioclimatic connections with time and space, 
the change of their sign or even the full disappearance in certain 
periods. This question in recent years has been allotted even more 
attention (Vitel's, I960; Sleptsov-Shevlevich, I963; Troup, 196?; 
Berlage, I961, and others) in view of the fact that with cyclic 
recurrence of solar activity there finally began to be connected in 
one way or another almost all super long-range forecasts of variations 
in climate, but one of the stumbling blocks in this connection is 
its instability. 

In the next section of this chapter data are given of 
manifestations of 11-year cyclic recurrence in the course of 
temperature in certain regions of the Earth. 

Eleven-Year Cycle of Variations in Temperature 
and an Appraisal of its Reality - 

In the perennial variation of mean monthly air temperatures, 
smoothed by means of moving averaging, the cyclical character of their 
change is well noticed. The duration of these cycles of variations 
in temperature and their amplitude are changed with the course of 
time. However, in a number of cases, for example, in the course 
of the 5-year moving mean monthly temperatures, it is possible to 
notice prolonged periods of time with cyclical variations with a 
duration of about 11 years, A comparison of such variations in 
temperature with variations in solar activity (annual Wolf numbers) 1 
also averaged by moving 5-year periods, are given on Pigs. 48a-48d. 

On these graphs it is possible to note the direct or reverse 
relationship between the course of temperature in different months 
and solar activity in most cases during the years of increase in 
solar activity in secular variation (17-20 cycles); outside this 
period the connection is absent or has a reverse sign. 

On the map of the Earth (Fig. 49) there are 80 stations 
according to which graphs of 5-ysar moving mean temperatures2 were 
analyzed for all months of the year and the year as a whole. On the 
map there are stations, at which in some months (are shown by series 
with circles by Roman numerals) there are revealed 11-year variations 
in the course of 5-year moving temperatures. The number of such 
stations is about 20$ of the total number of investigated stations. 
Of all the number of investigated stations and months (80 x 13 - 1040) 

^■Here and further for comparisons there were used only annual 
wolf numbers, since their monthly values are less than stable, while 
the character of the course of the numbers by months is approximately 
tne S6itii6 • 

2Results of moving averaging of temperature from nine stations 
prior to 1940 (Arkhangel'sk, Irkutsk, Blagoveshchensk, Kiev, 
Leningrad, Moscow, Odessa, Yakutsk, Sverdlovsk) were .placed at our 
disposal by Prof. B. L. Dzerdzeyevskiy. 
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Pig. 48a. Moving 5-year 
mean Wolf numbers and 
temperatures. 
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Pig, 48b. Moving 5-year 
mean numbers of Wolf and 
temperatures. 
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Pig. 48c. Moving 5-year 
mean numtiers of Wolf and 
temperatures. 

Fig. 48d, Moving 5-year 
mean Wolf numbers and 
temperatures. 

the 11-year summer cyclic recurrence was observed by little more 
than 2?/o months . 

However, the presence of synchroism of variations in temperature 
and solar activity during three-four 10-year periods cannot be 
considered an accidental phenomenon, even if it is observed only in 
separate regions and at different months of the year. It is 
impossible to forget the possibility of the appearance of false 
cyclic recurrence with moving averaging. But, as was shown in 
Chapter II, the danger of false cyclic recurrence is eliminated if 
the length of the cyclic recurrence will exceed the triple period of 
averaging. With 5-year averaging the most reliable will be cycles 
of over 15 years. Reality of the developed 11-year cyclic recurrence 
therefore needed additional confirmation, and there appeared moving 
averaging of investigated temperatures of 5 and 4 years with which 
the 11-year cyclic recurrence is also clearly distinguished. 

In the example of the station Funchal (Madeira Islands) the 
reality is estimated of the connection between variations in 
temperature in November and solar activity for the period when this 
connection clearly appeared, i.e., from I910 to 1955’(Fig. 48c). 
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Table 14 

Branch of 
growth 

Number of cases of increases. . 

Number of cases of decreases. . 

Difference between number of 
increases and decreases d . . 

Probable error f 

Ratio d:f . . . 

19 

3 

16 

1.58 

10.1 

Branch of 
drop 

5 

13 

-8 

1.42 

5.3 

For an appraisal of the reality of this connection there was 
used the criterion of Omshanskiy, propagated by Drozdov and 
Pokrovskaya (1962) in a series of moving averaging. 

With the use of this criterion on the graph of the course of 
5-year moving temperatures there are years of minimum and maximum of 
solar activity, and then the number of increases and decreases of 
smoothed values of temperature separately for branches of growth and 
drop in solar activity is calculated; then the probable error for 
the sum of all increases in series of the ascending branch and, 
accordingly, lowerings in series of the descending branch is 
determined from the expression 

/„=0.337 

where 2(a—m) is the number of cases on the ascending or descending 
branches of the solar activity. 

In the examined case of 5-year averaging this formula can be 
used with identification of a 5-year period of averaging with the 
length of a semicycle of solar activity. Then calculations for 
temperature of November in Funchal can be reduced in the table 
(Table 14). 

To establish the distinction of the given series from the 
random it is sufficient that the ratio d:f ë 4.0. For the branch of 
growth this ratio (10.1) considerably exceeds the critical figure, 
but for the branch of drop the excess is not so great. This is 
probably connected with allowed identifying of the length of ascending 
and descending branches with the 5-year series. 

The criterion used for analysis of smoothed series and cyclical 
phenomena differs by the limiting simplicity of calculations and 
minimum expenditure of time, not lowering, however, its reliability. 

« 

To estimate the reality of the connection between variations 



Table I5. Recurrence of the Shift in Phases 
Between Variations of 5-Year Moving Mean 
Monthly Air Temperatures (Fig. 48) and Annual 
Wolf Numbers 

Phas« ihift 
(nufflb»p of 
ywi) 

Whola series 

maximum minimum 

number | 
of cases! *• 

number 
of cases 

Part of aerie* 
maximum minimum 

number I 
of case^ •/# 

number 
of cases' •/e 

—.H 
-T 

-5 
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-“3 y 
-Ü / 
-i 
0 

. i 
2 
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4 
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41 

Sum 
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0 
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Ift.O 
127 
5,7 
2.2 

11,5 
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0.0 
1.2 
1.2 
1.2 
12 
0.0 
1.2 

100 
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3 

13 
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It 
3 •• 
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IA 
16 
I 
3 
3 
1 
2 

91 
14 

2.7 
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3.3 

14.3 
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7.7 
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17.7 
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100 

n 
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I 
i 
7 
u 
y 
3 
4 

64 
9 

3.9 

17.2 
211,3 
lO.'J 
1.6 
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14.1 
14.1 
4.7 
9.2 
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10 
1 
5 

13 
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09 
II 
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of temperature and solar activity at all other stations where this 
connection is revealed, Drozdov proposed an even simpler method 
whose essence is discussed by him in § 2 of Chapter II. 

According to this method, by the graphs (Fig. 48) there was 
determined the phase shift (number of years) between extrema of 
ll-year cycles of solar activity and temperature. For great 
objectiveness of the appraisal all stations are taken at which in 
some periods and in different months of year variations close to the 
“-y6®'1’ cycle were revealed. For these stations there are calculated 
P shifts (in years) for years of maxima and minima of solar 
activity according to graphs of the 5-year moving mean values of 
temperature and Wolf numbers. Results of the statistical analysis 
of these are given in Table 15. In this table the phase shift, 
expressed by negative numbers, signifies the number of years at which 
extrema of temperature will lag behind extrema of Wolf numbers; a 
positive phase shift signifies the lead of extrema of Wolf numbers 
by temperature extrema. As can be seen from the table, recurrence 
of such leads is small and does not exceed the doubled mean quadratic 
error. 

.. Table 15 there are given two variants of calculations. In 
the first one all curves of temperature were examined in which 
variations were revealed with cyclic recurrence of about 11 years 
Irrespective of whether this cyclic recurrence was observed during 
several cycles in succession or was disturbed, and then again was 
reeájablished in that same phase or reversed phase. .Such cases are 
examined on the left side part of Table 15 entitled for brevity 
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Whole series. On the right side of the table ("Part of the series") 
there were examined only periods when variations in temperature 
occurred in phase or reversed phase with variations of Wolf numbers. 

„ ,, As be seen from the table, even during analysis of variations 
of the whole series both during years of the maximum and during years 
of the minimum, the greatest recurrence is with coincidence (zero 
gradation) or lag in temperature by 1-2 (in phase) and 4-6 years (in 
reversed phase). For these gradations recurrence of deviations from 
tne mean value exceeds 4-5a, which corresponds to the value of 
probability of chance of less than 0.006$. Analysis of separate 

f1*0111 predominate variations in temperature (right side 
ox Table 15) gives even clearer results: during the years of the 
maximum the recurrence of deviations from the mean value of 
coincidences and lags in phases by 1 year is about 4a, and the 
recurrence of deviations of lags by 5-6 years is about 5a; during 
the years of the minimum of Wolf numbers respectively higher than 5a 
and about 4a, the recurrence of deviations of gradation is 2, and 3 - 
when less than 3a. j - > 

confirmed statistically is reality of the connection between 

of theî;n S?iar^CtlvitX and air teraPera'ture at different points 
theory of the mechanism of such a connection is 

still not created. It is possible to assume that among the great 
number of factors determining variations in air temperature, solar 
activity in certain periods acquires a dominating influence, which 
subordinates the 11-year rhythm of variation in atmospheric 
circulation and in terms of it variations in climate in a certain 
region of the Earth. 

Figiire s|}Pws the correlation function of solar activity (annual 
numbers). The form of this function — cyclical curve with a 

period of about 11 years — indicates that variations in solar 
activity are close to periodic. If this is so, then the assumption 
is quite practical of the fact that such stable rhythmic variations 
cannot fall to cause resonance in the atmosphere during certain 
conditions of circulation of the atmosphere. 

We made an attempt to analyze conditions of atmóspheric 
circulation in the period when variations in temperature and solar 
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activity almost are synchronous. For this 
purpose there was taken station Funchal 
(Madeira Islands) where circulation of the 
atmosphere most frequently is caused by 
the Azores High. 

As can be seen from Fig. 51, variations 
in the number of days with zonal western 
circulation (after Dzerdzeyevskiy) during 
the years close to the summit of the 
secular cycle of solar activity are 
synchronous with variations in solar 

iff activity. In the period of low (in secular 
/YAar»“r4 \/ variation) solar activity variations in 

* r - the number of days with zonal western 
circulation are insignificant. An 
Analogous picture is observed in variations 
in the number of days with disturbance of 
zonality, but the course of the curve is 
opposite that of the preceding. 

Pig. 51. Five-year 
moving mean, a — Wolf 
number, b - air 
temperature in Funchal 
(November), c -- number 
of days with zonal 
western circulation, 
d — number of days with 
disturbance of zonality, 
e — recurrence of winds 
of the northern quarter 
in Funchal. 

It should be noted that the moving 
5-year mean values of generalized groups 
of types of Dzerdzeyevskiy circulation 
were calculated for the Atlantic sector 
according to data of the author of 
typification. However, this typification 
is most effective in moderate and high 
latitudesj furthermore, recurrence of 
types by sectors is calculated with respect 
to the central meridian of the sector, but 
Funchal is on border of the sectors. 
Therefore, in addition to the recurrence 
of types of circulation there were analyzed 
synoptic conditions above the region of 
the Madeira Islands in November from 1900 
to 1960j 1940, 1941, 1944-1948 were 

, excluded, since it was not possible to 
find synoptic maps. 

XV ^ S result of statistical analysis of the data, it is clarified 
t5aîvin November the most frequently repeated is the type of weather 
of the eastern periphery of the anticyclone with predominant wind 
direction of the northern quarter of the horizon. 

Variations in recurrence of these winds, just as those of 
temperature, are synchronous with variations of solar activity (Fig 
51). In other words, with an increase in solar activity above the 
regions examined recurrence of anticyclones and northern winds is 
increased and there is an increase in air temperature; with a decrease 
in solar activity in Funchal, recurrence of the northern winds 
decreases and the air temperature drops. 

It is possible to try to explain this at first glance by the 
paradoxical phenomenon proceeding from results of the investigation 
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Sazonov (1964) of the zone of anticyclogenesis. The most active zone 
of anticyclogenesis is disposed above the eastern regions of the 
oceans, where with intrusion into the atmosphere of solar corpuscular 
stream atmospheric pressure increases at all altitudes in the 
troposphere. With this there will be formed powerful anticyclones 
in which high temperatures are observed as a result of descending 
movements. As a result of this, at the station Funchal, in November 
during the years of increased solar activity warm northern winds are 
observed. Why such synoptic conditions are observed, namely, in 
November and what hinders manifestation of solar activity in other 
months is subject to special investigation. 

3. Analysis of Variations in Temperature ysis of Variations in Temp 
by the !Periodoscope Method 

Numerous investigations of the connection between variations of 
hydrometeorological phenomena and solar activity confirm the presence 
of such a connection, although the closeness of it is considerably 
weaker than it is in the above-mentioned examples. 

Attempts were made to estimate the dimensions of variations of 
indices of circulation of the atmosphere, ice cover, and 
hydrometeorological elements caused by variations in solar activity. 

Thus Maksimov (1955) found that for indices of atmospheric 
circulation the solar - caused variation is on an average of 26%, and 
for ice cover it is 16% of the amplitude of variations of these 
factors. 

According to other data (Druzhinin and others, 1964), the 
quantity of variations of hydrometeorological elements caused by the 
influence of solar activity reaches 40%. However, this value cannot 
be considered sufficiently founded due to the tactless method of its 
determination (the authors operate by integral curves of solar 
activity and hydrometeorological elements, on which points of fracture 
are somewhat arbitrarily determined, considering them appropriate 
critical points on. the curve of solar activity). 

In the present investigation of perennial variations in 
temperature an attempt is made to reveal the hidden cyclic recurrence 
and to estimate quantitatively the influence of solar activity on 
the magnitude of the amplitude of variations in temperature and also 
to reveal the presence of other rhythmic influences on the variation 
of temperature. 

For this purpose there is used the rather simple method of 
periodogramanalysis (periodoscopes) proposed by N. Carruthers. The 
essence of this method is discussed in § 1 of Chapter II. 

By the method of periodoscope decomposition of a series of air 
temperature for the following nine stations of the Earth was 
performed.* Leningrad, Sverdlovsk, Salekhard, Kazalinsk, Barnaul, 
New Haven, Dawson, Ivigtut, Funchal. 

By the same means series of solar activity (Wolf number) and 

J V 



ice cover of the Barents Sea were investigated. 

Periodoscope curves were constructed for values of intervals of 
averaging u equal to 2, J>, 4, 5 and 8 years, which made it possible 
to analyze the variation in the interval from 3u to 6u observations, 
i.e., from 6 to 48 years. 

For the investigation of series of temperature chiefly months of 
the cold period of the year were used in which the amplitude of 
variations is considerable and in the variations themselves there 
more frequently appears some cyclic recurrence. 

As a result of calculations carried out there were obtained more 
than 200 decomposition curves. During the analysis of them there are 
distinguished curves on which in some time periods evident cyclic 
recurrence is traced. Then for these periods the average length of 
cycles of variations and their amplitude were determined approximately 
Let us explain this with an example. 

Figure 55 gives periodoscope curves of temperature of February 
for Leningrad. On curves u = 5 and u = 4 in the period 1Q00-194O 
ordered variations are distinguished with length L of about 11 years 
(5.5 cycles). We obtain their mean amplitude A obtain as the 
arithmetic mean from amplitudes of every cycle. For u ■ 3 the 

( * ~) " 110» u » 4 !( *+*4’* ) ■ 9°. Further according to 

Table 1 from Chapter II for values L:u we find the coefficient R: 

for u = 3 L:u - 3.7, R - 3.48; 
for u = 4 L:u - 2.8, R = 1.97; 

dividing the values found of amplitude A by the corresponding values 
of R, we obtain the real value of the amplitude of 11-year variations: 

for u » 3 Ap = 3.1°, for u =* 4 Ap = 4,5° or, as an average, Ap * 3.8°. 

For checking the effectiveness of the method periodoscope analysis 
was used on the series of Wolf numbers. 

Figure 52 gives periodoscope curves of Wolf numbers for 
u » 2, 3, 6 and 8. It is not difficult to note on curves u = 2 and 
u » 3 the clearly distinguished U-year cycle of variations with a 
monotonously variable amplitude from the minimum in the period of 
1795-1825 to the maximum in the 1950's. Secondary maximum and minimum 
of amplitude of variations of Wolf numbers can be noted during 
1830-1840 and I90O-I91O respectively. This reflects a change in Wolf 
numbers in the secular cycle of variations in solar activity. 

Furthermore, on curve u = 8 starting from the 1820's and up to 
recent years of the current century the 23-24-year cycle, confirmed 
by the curve u » 6, is well isolated. 

Thus with the help of the periodoscope well-known cycles of 
variations of Wolf numbers are isolated, which testifies to the 
sufficient reliability of the method. The same is confirmed by 

-184- 
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Pig. 52. Periodoscope curves of Wolf 
numbers . 

periodoscope curves of seasonal (April-August) ice cover of the 
Barents Sea, on which variations are distinguished when u = 3 and 

u = 4 with a period of about 14 years with 
fading amplitude (Fig. 53a and b). 
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A 14-year cycle of variations of 
ice cover of the Barents Sea is quite 
apparent on graphs of the 5-year moving mean 

ig. 53c). 

Given below is an analysis of 
periodoscope curves of air temperature for 
different stations of the Earth. Some of 
these curves are represented on Figs. 
54-58. 

Leningrad (I805-I960 November-March). 
The mostinteresting curves are obtained 
for February (Fig. 55). with u = 8 the 
curve gives cyclical variations with a 
period of about 25 years and mean amplitude 

of 3.8 ; this is confirmed by the curve 
u = 5. On curves u = 3 and u = 4 there are 
clearly isolated (approximately since I890) 
cycles of 11-year variations with an 

Fig. 53. Periodoscope 
curves of ice cover of 
the Barents Sea. 

amplitude of about 
after 1940. 

, which are disturbed 

■ On curve u = 2 the amplitude of 

variations in certain periods reaches 6 
but the magnitude of it and the period of 
variations are extremely variable. 

Thus variations in temperature in February, at least in the 
current century, are caused by variations of two cycles with periods 



Pig. 54. Periodoscope curves of 
temperature. Leningrad. January. 
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Pig. 55. Periodoscope curves of 
temperature. Leningrad. February. 
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Fig. 56. Periodoscope curves of 
temperature. Leningrad. March. 
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Fig. 57. Periodoscope curves of 
temperature. Leningrad. November. 
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Pig. 58. PeriodoBCope curves of 
temperature. Leningrad. December. 

tr. thP «solar ill and 25 years) and by variations of a 
nnnsvstematic character with great amplitude. Superposition of the 
latter on cyclical variations creates observed nonperiodic changes 

in temperature. 

In March (Pig. 56) there is also revealed a 11-year cycle on 
curves u = 3 and u = 4 from the beginning of the period to the 20 s 

of the current century. 

In the remaining months the cyclic recurrence in 
^Pe-ture does not appear except as^curve^u ^^c-Mch^n a 

per io^of8 ab out”1? year s6 ( from 6 to's) and a variable amplitude 

consisting on an average of about 4° (Figs. 57 and 58). 

A soecial form of cyclic recurrence is represented by the curve 
u * 8 in December; this is sinusoidal curve with monotonously * 
riiminlshinp: amplitude and length of the period (from 35 years) 
whieh^createhe impression If damped oscillations induced by some 
simultaneous8impulseP(Pig. 58). Similar variations are encountered 
in different months of the year at other stations. 

Sverdlovsk (I88I-I960, October-February, July). Variations with 
a neriod oi‘ t>-"S years in October, November, January and July with 
variable amplitude are distinguished on curves u = 2. Curves u» 3 
and u » 4 indicate damped oscillations in November with diminishing 

«mnutuííi» Ífrom 6 to 2°) and a period from 13 to 10 years. 

fe fel-he4 ÏÂÂ >r 
oscillations (on an average of 5°) attains the greatest value (Fig. 

59). . 

Salekhard ÍI88I-I960, June, November, April, January, February). 
On thecSrve'lI i 2 theíe ¿re oscillations of variable amplitude with 
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Fig. 59. Periodoscope curvos of temperature 
Sverdlovsk. February, November. 
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Fig. 6n. Periodoscope curves of temperature. 
Salekhard. January, April. 



a period of 6-8 years since 1920 in November and in remaining months, 
prior to 1920. Curves u = 3, u = 4 show the 11-year cycle in January 

approximately since I910 with an amplitude of about 3°, and in April 
there is noted a 14-15-year cycle approximately with the same 
amplitude (Fig. 60). 

Kazalinsk (1881-1960, November-March). On curve u = 2 there are 
noted oscillations with a period of 6-8 years from January to March 
with variable amplitudej on curves u = 3 and u = 4 there are three 
cycles of oscillations (to 1930) with a period of 13 years and 

amplitude of about 4°. 

Winnipeg (I88I-I960, November-March). On curves u = 2 the 
6-8-year cyclic recurrence is preserved during almost the entire 
investigated period in January and less stably in November. On 
curves u ■ 2 and u = 3 there is a 10-12-year cyclic recurrence in 

March with an amplitude of about 4°. 

New Haven (I800-I960, November-March, July). On curve u = 2 a 
cyclic recurrence with a period of about 7 years is in all months 
except January and February, and a 11-year cycle is in February 
(u = 3# u = 4). In January with u = 8 cyclic recurrence is noted with 

more or less constant amplitude (about Io) and a fading period from 
40 to 24 years; on curve u = 5 the cyclic recurrence is 20-18 years 

with an amplitude of about 2.5° (Fig. 6l). 

Iviatut (I88I-I960, November-March). On curve u = 2 there are 
cycles with a period of about 7 years in November, December and 
February. Solar cycles (11 years) are apparent in January (u = 3, 
u = 4) and not quite as clear in December (u = 4). In February there 
is a well-marked (u = 4, u = 5) cycle of 14 years, analogous to the 
cycle of ice cover of the Barents Sea (Fig. 62). 

Funchal (I88I-I960, November-February), lying in the low 
latitudes, is taken for investigation in view of the presence in the 
course of the temperature (by a 5-year moving mean) in November and 
February of a clearly marked 11-year cycle of variations approximately 
from 1920 to the middle 1950's. The presence of these cycles in the 
indicated period was confirmed well by periodoscope curves u = 2 and 
u » 3 in November and February, and the amplitude of variations is 

about 1.5°, which fully corresponds indeed to the observed amplitude 
(Fig. 63). 

The above-mentioned examples of decomposition of series of 
temperature on the components visually demonstrate the complexity and 
diversity of variations In temperature In different parts of the 
Earth. 

These variations are the result of the superposition of series 
of variations with different amplitudes, periods and phases. Certain 
systematics in the character of the oscillations is revealed only in 
those cases when the period of them on the average is 6-8, 11, 14 
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Pig. 6l. Periodoscope curves of temperature 
New Haven. January 

/IW /IW WW WW WW WJI MO 1967 IBSO W MM 19*9 1920 WW Wg Wll /Wl n-—T "■ » "-T-i-1-\ —r——> 1 * a 1 T 1 1 . 1 
Jani-ary 

-w 

•w 

r 
" T J-n 

Fig. 62. Periodoscope curves of temperature. 
Ivigtut. January, February. 
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Fig. 6?. Periodoscope curves of temperature 
Funchal. November, February. 

and occasionally 23-24 years. In the remaining mass of periodoscope 
curves it is impossible to find some systematics in the oscillations. 

Occurring most frequently are variations with a period of about 
6- 8 years. Such variations are revealed in almost all months (chiefly 
in winter) and at different stations. The amplitude of the variations 
changes in wide limits, and coordination of the variations at different 
stations is not observed. 

The existence of variations with a period of 6-8 years are 
indicated in literature, but the most founded can be considered the 
7- year period of variations of different hydrometeorological 
phenomena revealed by Maksimov (1953, 1957). 

The reason for such short-period (6-8 years) variations in the 
atmosphere of high latitudes is, according to Maksimov, the 
interaction of atmospheric polar tide with a period of about 14 months 
and 12-monthly seasonal changes of circulation of the atmosphere. 
As a result of the*interaction of these two various-period and 
different (in their origin) phenomena a 7-year cycle of change in 
seasonal variations in the atmosphere of high latitudes appears. 

The basic result of the influence of the "polar tide" on the 
baric-circulatory conditions of the atmosphere is the accentuation 
of basic peculiarities of seasonal variation in circulation of the 
atmosphere and weather in high latitudes of Earth, which is variable 
with time (from 6 to 8 years) and different in different longitudes 
of Earth. 

Variations in atmospheric pressure caused by polar tide make up 
about one-third seasonal changes of atmospheric pressure taking place, 
and, consequently, seasonal changes of circulation of the atmosphere. 

The 6-8-year cycles of variations in temperature, prominent on 

periodoscope curves in certain periods have considerable (up to 6°) 
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amplitude, but in others 
variations of Maksimov. 

completely fade 

The amplitude of 11-year cycles of variations noted in certain 
periods on per]odoscope curves at the Investigated stations (except 

Funchal) Is on an average of 4°, but in certain periods it attains 

6-7 ; in Funchal the amplitude of variations is about 1.5 
indicated values make up approximately 15 to 4o# of the mean amplitude 
of the natural series of temperature. The "contribution" of 6 
variations is of the same order. The remaining part of the amplitude 
of variations in temperature is created by other influences of a 
nonrhythmic character or disturbance. 

Method of Autocorrelation 

For exposure of periodicity in variations of a certain element 
there is frequently used the method of autocorrelation or correlation 
functions. Tills method gives only a tentative appraisal of the 
periodicity of variations and their amplitudes, but its main advantage 
is that there are introduced no hypotheses with respect to the form 
of the correiogram and frequency of ' ■■rlations. 

We calculated experimentally with the help of an electronic 
computer the autocorrelation of the mean monthly temperature of 
Leningrad for all months of the year for the period from 1752 to 
with a shift in time intervals t from 1 to 100 years. The appropriate 
correlation functions for certain months of each season are 
represented in Fig. 64, from which it is clear that correlograms of 
mean monthly temperatures of Leningrad represent curves with 
insignificant variations near a zero value (on an average the 
coefficient of correlation p is changed from 0.1 to -0.1 and in rare 
cases reaches the value ±0.3). 

However, if even at small p some periodicity on the correiogram 
is repeated several times, i.e., there is observed systematics of 
variations and one,should pay attention to it. According to the 
criterion Veynberg (1929), probability of the appearance of one 

maximum in a random series is 1/3 and n maxima, (l/3)n respectively. 
In the examined correiogram there are maxima p = 0.11; 0.12; 0.14 
respectively at t = 7j 14; 21 and minima p = 0.05; 0.07; 0.06 at 
t = 4; 11; 18. 

The probability of appearance of three maxima for the random 

series is equal to (l/3)3, i.e., one case out of 27. It is possible 
apparently, to consider that the 7-year periodicity is real and is 
nonrandom, but it is expressed weakly and unstable. 

As was already noted above, by means of periodoscopic analysis 
there is also a 7-year cyclic recurrence in January, but, as can be 
seen from Fig. 7, the value of the amplitude of variations is unstable 
and is changed in wide limits. The coefficient of correlation has 
the greatest value at t = 44 years, when p = -0.18. 
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Pig. 65. Correlation function of 
temperature Leningrad 1752-1823, 
1824-1895, 1896-1964. ’ 

. i, Considering the unstable character of variations in temneratnro 
V.1 Ltim?\frihe exP°sure of variations in sepamïe period ?he?e 
is calculated the autocorrelation of the mean monthly temoeratura nf 
January for periods 1752-1823, l824-l895 and 1896-19^4 (^^ 65)? 

As it can be seen from this figure, the seven-year cvclic 
64? íithC^n^»ííeSt-d+°n the correl°era«i of the whole period (Pig with separation into shorter time intervAics -îe rH »•f4*-!«. 4 i 
°r£Vn thef^ 1824-1895 iftL forforî^é-Îeafcycïfc1^6" 
recurrence (p = 0.25j p = 0.11). With division of the series into 
four periods (1752-1799, 1800-1847, l848-l895, 1896-1964? 

il? 01 
° ã ullt lt lfv|í;.s"f“0l?nt e°r aatocorrelating llth í ISn 

of pairs decreases to S ThíS“^10"5 are lníxPedlent If the number 
with a du?IÏ”;S?p Ta Hin Xs aesSS?seo? Í10 r^UrrSS°e 

?^e|r~ E £ srFJSS— 
Hii“ Ss- - 



. 

J990-Í90* .^2 

Fig. 66. Correlation 
function of temperature. 
Leningrad. 1752-1799» 
1800-1847, 1848-1895, 
1896-1964. 

For example, for Sverdlovsk in January: 

»•o,» 
Í-Olls 
¡-o.» 

• V|Wf 

t-o,!? 
•aOjlt 

ff ■{•ft 

i.e., significance of the last highest coefficient of correlation 
is approximately one and a half* times less than that of the first. 
This circumstance must be considered during the analysis of 
correlation functions and estimate of the significance of coefficients 

of correlation. 

A more strict and acceptable criterion of magnitude of the shift 
should be considered the criterion of Blackman and Tukey (1950), 
according to which the maximum magnitude of the shift should not 
exceed 1/5 the number of observations in the series (i.e., in case of 
Sverdlovsk the shift should not be more than 45 years). 

Further, the selection of the period for autocorrelation is 
connected not only with its duration but also with a definite epoch 
of atmospheric circulation and phase of solar activity. However, 
epochs of uniform atmosphere circulation cover too short of 
autocorrelation periods for calculation (20-25 years)., and therefore 
in one investigated period there are included two-three circulatory 
epochs that can level the variations not coinciding in phase or. 
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conversely, can create random cycles with excessive correlations. 
In this case it is possible, probably, to use the calculation of 
autocorrelation for the moving period, displacing the initial 
60-70-year series by 5-10 years in every subsequent calculation of 
autocorrelation. But such bulky calculations are expediènt only in 
the presence of quite high coefficients of autocorrelation in the 
series, which is not observed in the series of mean monthly 
temperatures . 

In connection with this it is inexpedient to use diverse variants 
of the determination of spectral density in similar series of 
observations. As calculations of spectral density made by us on a 
computer for several stations showed, the spectrogram in comparison 
with the correlogram does not give fuller information about variations 
of temperature, but the program of its calculation is considerably 
more complicated, and, consequently, the possibility of miscalculation 
is greater. 

5. Conclusions 

The given examples are sufficient in order to arrive at a 
conclusion concerning the fact that any of the methods of detecting 
periodicity in nonstationary variations in meteorological elements 
has limited application. With a very correct approach and with the 
use of several methods (for example, periodoscopes and correlation 
functions), it is possible to reveal periods in the initial series 
in which variations in the form cycles of definite duration having 
some physical foundation predominate. However, even this is not 
always possible to do. 

Let us explain this with examples. On curve u = 2 of the 
periodoscope of January (Leningrad, Fig. 54) in the second half of 
the 19th Century there are 6-8-year variations with a mean amplitude 

of about 4°. On the correlogram (Fig. 66), 1848-1895) also the 
6-8-year cyclic recurrence has the greatest (p = 0.2) coefficient of 
correlation. Another example is in February periodoscope curves 
u = 5 and u = 8 give during the whole period (1805-1964) cyclical 
variations with a period of about 24-25 years and an amplitude of over 

3° (Fig. 55). The correlation function (Fig. 64) also confirms the 
existence of this cycle by the maximum coefficient of correlation 
(p = 0.2). However, in the same month the clearly distinguished 
11-year cyclic recurrence in the 20th Century (u = 3; u = 4) is not 
absolutely confirmed by the correlogram (Fig. 64). 

In Table 16, for a comparison of the value of mean cycles there 
are given variations revealed with the help of the periodoscope and 
correlogram. As follows from this table, in 8 cases out of 11 both 
methods give similar values, but in three cases (27^) the correlogram 
does not confirm cyclic recurrence revealed by the periodoscope, 
apparently, due to the overlapping influence of disturbances and 
variations with noncoincident phases. 

Here we will not touch upon the question of the 2-year cycle of 
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Table l6. Duration Cycles 
Determined with the Help of the 
Periodoscope and Correlogram 

Period in whioh 
cyclic recur¬ 
rence tiae ob¬ 
served (yeart) 

Mean duration oyclea 
(in years) 

periodoBoope correlogram 

Leningrad 

1M4-U9S 
1MS—1960 
1095-lPfiO 
U95-I060 
IWS—IW5 
1820—1060 
1820-1060 

1 MlI960 
1181-1960 
1881-1960 

1-1960 

I 
II 
II 

III 
III 
IXI 
XII 

7 
2* 
II 

7-8 
11 

6-7 
0—7 

Sverdlovsk 

1881« 

I 
II 

XI 
XII 

7 
11 
12 

0-10 

6-7 
24 

10-11 
0 
t 

T 
11 
12 

Note: The dash signifies the 
absence of. appropriate significant 
value on the correlogram. 

variations (or 26-monthly), which recently began to appear in works 
of many researchers (Pokrovskaya, 1959, 1960j Veryard, Ebdon, 1961; 
Landsberg 1962; Landsberg, Mitchell and others, 19d2* and others). 
This cycle can be more quickly attributed to variations in annual 
conditions than climatic, and it will be examined in appropriate 
investigations. 

It is necessary only to note that the 2-year cycle of variations 
of different meteorological indices and phenomena are usually 
associated with natural fluctuations of the atmosphere, i.e., with its 
natural fluctuations conditioned by a different thermal balance of 
continents and oceans, the replacement of seasons and other 
geophysical causes« 

In the opinion of Vitel's (1957), those variations in solar 
activity, which enter into resonance with natural fluctuations of the 
atmosphere, intensify them and thus appear most clearly in the 
atmosphere. However, because of the complexity of such interaction 
and the presence of nonresonating variations, it is impossible to 
expect a unique reaction of the atmosphere on variations in solar 
activity with time and space. Prom all this it follows that the 
presence of self-oscillûtion systems in the Atmosphere creates an 
additional complication of the manifestation of external influences. 

In connection with this, there is special importance in the 
question of the isolation and calculation of possible periods of 
natural fluctuations in the atmosphere, depending upon different 
physicogeographic conditions. 

In his time Lineykin (1955) proposed & schematic (in the first 
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rSSr°Xlmat:ion^ ^Pi^tionof physical causes of self-oscillation 
account n? th^ h raath^ica:L setting of the question with an 
of self excited n=nT?i°î- Seneral method of determining periods 
Linevkíñ íf £hf °ffllatl2ns- A detailed investigation by 

unsolved mtSaS dSfcuSleT“110113 WaS en00untered “ aB 

Stahlaboye quite visually illustrates the very relative 
stability of variations m atmospheric circulation and climate and 
then only m individual periods. Therefore, any forms of statistical 
analysis and harmonic analysis of series of meteorological 

DastrVthi°nh Can ?iva a.concePt only of variations observed in the 
past, the change in their amplitude, period and phase, and the 
appearance and disappearance of these variations. 

But not one of the methods of the search of periodicity or cveHr 
recurrence of variations in the series of empirical value«; pen cr^ra 
reliable information on forthcoming variations and changes in 6 

=PSfS r^.natUre °f thaS6 a"d“ o? their 

hopes0foTâtSpa„rfSêcâtÂâtí„rÂtííg5>írK 
hKrm0niC analy?ls- Irí the opinion of Maksimov, this 

ection becomes especially long-term in connection with the 

ofPnatuíainserieseCtHenÍC fre^ency analyzers for spectral analysis OI natura! series. He correctly notes that with the use of harmonio 
for a f°i’ecast a Physical interpretation of obtained results 

presentItioíyófWthí°^ "hÍC5 eVen most exact raathematical 
methods? 65 n0t remove the formal essence of such 

■ t- one should add that possibilities of physical 
interpretation of results of any mathematical analysis of series of 
ïf^rÎT+î Wi¿h the contemPorary level of our SowLdge on causal 

are SUÏÏ ve^n??SJn SyStem Earth " 
6 y li?ll^ed* In essence, all forecasts of variations of 

climate in several ,10-year periods are based on the extrapolation of 
empirically est^lished solar-atmospheric relationships. But until 
the physical essence of this phenomenon is studied, it is impossible 
to guarantee the high justification of such forecasts. lmPossible 

vavioí? con?lusfon of this chapter one should note that for cyclical 
variations in air temperature, revealed by one means or another it is 

not P°ssible to establish some regularity of their appearance 
and disappearance with time and space. Further expansioí and 

n^e^saîf^ït^rïmiSsi-ÏÏ8 f °f varlations in climate is necessary, it; is Impossible to forsee dimensionq of q-h 
not knowing, whera, whan ana with what th^ a?f genaîatâl. 0nS’ 

J^J^vel°Praent of computei' technology opens up ereat 
poaalbllltlea for the axpanalon of auch inîeatlgltïLf “ the baala 
of the nee of the most correct methods of statistical aSlvsla of 

regularities^f °f prere«“lsltes 
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CHAPTER VI 

METHODS OF ESTIMATE OF THE CHANGE IN TEMPERATURE 
IN A PLANETARY SCALE AND TREND 

OF ITS FURTHER VARIATION 

1. Regularities in the Spatial Change In Temperature 

In connection with the establishment of the fact of the change 
in climate in the last IO-I5 years there was conducted an animated 
discussion about whether during the years of warming the air tempera' 
ture at the earth's surface was increased over the entire planet 
as a whole, whether warming, observed in various parts of the 
Earth in the 1920's and 1950's ceased, and what are the trends of 
variations in temperatures in the immediate decades. 

Let us try to express our point of sight on these questions 
on the basis of material investigated by us. 

In a number of works concerning the question of the change in 
climate it was shown that although the character of the change is 
preserved in vast territories, nevertheless in regions of the Earth 
quite remote from each other phases of increases and decreases in 
temperature do not coincide and, in certain cases, are almost 
opposite. Thus irr the work of Rubinshteyn (1946) it was shown that 
in certain months of the year (January, May, September) there is 
observed a mirror-like nature in the course of moving 10-year mean 
temperatures on the western seacoast of Greenland and the Murmansk 
seacoast. Given in the same work are maps of deviations of mean 
monthly temperatures for the decade I929-I958 from the perennial 
means, from which it is very clear that in January and February 
deviations in temperature in the month of the Ob' River are positive, 
and in Central Asia in the region of the Aral Sea they are negative. 
Numerous examples confirming that said above can be found by 
examining graphs of moving mean temperatures in the work of Rubinshteyn 
(1956). Finally, by analyzing data for the entire Earth, Polozva 
and Rubinshteyn (19«5) generalized in former works conslucions 
and came to the conclusion that in January (other months were not 
examined) every latitudinal zone between 80° and 40° N. Lat. is 
divided in a meridional direction into two parts, the course of 
temperature in which in its basic outlines is opposite to each other. 

-200. 



rnmrnmmmmmmmifm 

•ifttll-4'Jl^»(»iS’*,5'-v'!4W*‘--"*IW! w0$0m 

In Chapter III of this work, on the basis of analysis of vast 
material there were isolated regions in which moving 10-year mean 
temperatures have synchronous course. 

In order to give a quantitative appriasal of the connection 
between air temperature of various parts of the territory of the 
USSR there were compiled isocorrelate1 maps on the basis' of series of 
observations not smoothed by 10-year periods. Some of these maos, 
published in the work of Rubinshteyn (1956), with sufficient 
exactitude determine the region inside which temperatures are 
closely connected with each other (positive connection), region, 
among which the connection between temperatures is actually absent, 
and regions where the connection is opposite. 

For the purpose of a more detailed study of connections between 
temperatures of different points of the earth's surface, isocorrelates 
were plotted for polar and moderate zones of the northern hemisphere 
and partially for the subtropical zone (Figs. 67 and 68). January 
and May. were selected in view of the fact that in the territory of 
the Soviet Union the distribution of regions of positive and 
negative isocorrelates in these months has the most contrast in 
relation to one another. Let us indicate for example the course 
of correlation coefficients of Moscow - Barnaul during one year: 

i h in tv V vi vu vni ix X xi Xu 
0.45 0,-190,10 - 0,20 —0,55 —0.45 —0,32 —0.23 —0,37 0,20 0,22 0,32 

Analysis of Figs. 67 and 68 leads to the following conclusions. 

1• In winter isocorrelates extend in Eurasia in a latitudinal 
direction, apparently, in connection with the influence of the 
Asian anticyclone. At great distances from Moscow (Sea of Japan, 
America), as the center of correlation the zonality of the course of 
the isocorrelates is weakened, and in certain places Is entirely 
inconspicuous. 

2. In the north in the extensive region covering the Central 
Arctic, Greenland,* Chukchi Sea, Kamchatka and Alaska, coefficients 
of correlation with temperatures of January in Moscow are 

3. In May the distribution of isocorrelates sharply differs 
from that of January. They extend in a meridional direction; 
eastward and west from the regions with negative coefficients, 
-hioh again the coefficients of correlation become positive but 
already smaller in magnitude. The relationship of temperatures of 
Moscow with the polar zone is practically absent. 

4. It is noteworthy that on the border of the regions where 
there occurs replacement of the sign of correlation, lines In January 

1Isocorrelates are lines along which correlation coefficients 
are identical with respect to some selected point. * 
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Fig. 67. Isocorrelates with respect to the 
temperature of Moscow. January. 



I^S ,i.ieB0B5B»E!aaWI^^ 

Pig. 68. Isocorrelates with respect to the 
temperature of Moscow. May. 

-203- 

11: mMPn 

■ 1 

f 1 



and especially in May are condensed. The reason for this consists 
in the following. The connectivity of temperature series inside some 
region is caused by the presence of macroscale circulatory processes 
covering this region. It is understandable that the borders of the 
region change from case to case, and points which in separate years 
are inside the region, in other years turn out to be outside it; 
this creates in boundary regions a correlation close to zero. 

5. With distance from Moscow coefficients of correlation, 
as a rule, series were used with a duration of 50-70 and sometimes 
and 80 years. Only in insufficiently studied regions was there 
included in the investigation an insignificant number of stations 
with series of smaller duration, but not less JO years. 

It follows from this that with the length of the series of 
6O-70 years coefficients of correlation of about ±0.25 have a level 
of significance of 5$, i.e., in 9% of the cases they can be 
considered real; with the length of the series at 45 years they 
have a significance of 10$. JO-year series have such significance 
only with coefficients not lower than ±0.J1. Figures 67 and 68 
show that in almost the whole territory studied the coefficients of 
correlation actually reflect the existing relationships of 
temperature at the different stations. 

Let us illustrate these relationships in a concrete example. 

As can be seen from the course of the isocorrelate, in January 
the coefficient of correlation of temperature of Moscow - 
Novosibirsk is ±0.5, in May the isocorrelate 0.5 papses through 
Sverdlovsk, in Novosibirsk the relationship of temperature with 
Moscow is already reverse, and coefficient of correlation is equal 
to -0.5. This means that in January signs of deviations of mean 
monthly temperatures from perennial means in Moscow and Novosibirsk 
in approximately 75$ of the years .coincide, and in May in 75$ of the 
years they are different. In May the coincidence of signs of 
deviations in 75$ of the years should be observed at a considerably 
closer distance to Moscow, at Sverdlovsk, where isocorrelate 0.5 
passes. 

Let us check this relationship, using, instead of Novosibirsk, 
Barnaul, where the series of observations are longer and more 
uniform. The coefficient of correlation of temperature of Moscow - 
Barnaul is equal in January to ±0.45 and in May, -O.55. Comparing 
signs of deviations of mean monthly temperature from the perennial 
average In Moscow and Barnaul for corresponding years during 70 
years, we see that In January in 70$ of the years these signs 
coincide, and in J0$ they are opposite; in May they coincide in only 
33$ of the cases and are different in 61$, and in 6$ of the cases 
at one of the stations deviation from perennial mean is 0° and 
therefore was not included in counting. In addition let us give 
relationships of deviations in temperatures from the perennial means 
in Moscow and Barnaul during years with especially high and low 
temperatures (Table I7). 
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Table 17. Deviations of Mean 
Monthly Temperatures from 
Perennial means 

Y«i.»rs Moscow, Harnaul 

im 
is? 
1949 

Janunr.v 
■41,2* 
-9,0 
46.4 
4M 

—10,5* 
—6,4 
45.4 
46,2 

May 
ISM 
m 
m 

1917 

42.1 
4.4,7 
43.1 
—3,3 
-4.2 

-3,0 
*2,6 
-¿M 
41,6 
43.8 

Undoubtedly, the distribution of isocorrelates can indicate 
where one should expect a change in temperature of 
and where of the opposite sign. 

same 

In order to represent more graphically the distinction in the 
course isocorrelates in January and May, let us construct on the 
basis of data of Pigs. 6? and 68 a correlation function for the 
section along 55° N. Lat. between 50° W- Long, and IJO0 E. Long.j 
on the remaining part of this latitudinal range correlation 
coefficients are either small or (on oceans) almost not studied. 
On Fig. 69, where there are depicted correlation functions for 
January and May the asymmetry of branches of correlation curve 
westward and eastward from Moscow is clearly seen. The same 
correlation coefficient is attained in January to the east of 
Mowcow at greater distances than that to the west. This is 
connected with the character of circulation in the presence of the 
Asian anticyclone (the great contrast between temperatures of the 
sea and land, strong zonal transfers of air). The correlation 
function in May is- also asymmetric, but the character of its 
asymmetry is different. In the region where coefficients of 
correlation exceed ±0.30, the asymmetry has the same character as 
it does in January, although quantitatively it is somewhat weaker. 
Thus in May in this region the connection of the temperature of 
Moscow with eastern regions closer than that with western at the 
same distances. In regions more remote from Moscow the decrease 
in coefficients and transition of them to negative values in the 
east occur faster, and the actual coefficients attain larger 
negative values than those in west. It is possible that in the 
Northern Atlantic coefficients of correlation attain -0.40, but, 
since for the ocean there is no data, on the map such an 

1The value of this asymmetry is easily estimated if one were 
to bend the curve along the vertical axis, passing along the 
lontitude of Moscow,, 
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E. long. 

Pig. 69. Correlation function with 
respect to the temperature of Moscow.. 
Section of isocorrelates along 55° 
N. Lat, 

is not drawn, and on Pig. 69 it is given by a dotted line. 
Distribution of isocorrelates in May shows that during this time of 
the year meridional transfer of air masses play a great role. 

It is further necessary to clarify the dependence of character 
of the correlation function from the selection of the center, with 
respect to which coefficients of correlation are calculated. 

Isocorrelates with respect to Barnaul, calculated for the 
territory of the Spviet Union can serve for this purpose. Barnaul 
was selected as the center for that reason that it in winter is in 
the zone of so powerful a center of action as the Asian anticyclone. 
Isocorrelates with respect to Barnaul were published by Rubinshteyn 
(1962). They are reproduced on Pigs. 7O-8I with considerable more 
precise definitions in the north and east .of"the country. These 
more precise definitions are connected with the fact that in the 
indicated regions it was found possible due to the .accumulation of 
material to use a series of stations which earlier hajd too short 
a series and was not included in the examination. In that work there 
was used a series of observations, as a rule, only.up to 1950. 

As can be seen from Pigs. 70, 71, 80, and 8l, in the north in 
the cold period of the year (from November to February) regions with 
large negative correlation coefficients with respect to Barnaul are 
revealed. 
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Fig. 82. Correlation func¬ 
tion with respect to the 
temperature of Barnaul. 
Section along 53° N. Lat. 

Analyzing the form of correlation 
functions for the section of about 

53° N. Lat. with respect to Barnaul 
(Fig. 82) and comparing them with 
corresponding data of Fig. 69, we see 
that in January only in a small part of 
the territory, where coefficients of 
correlation are more than 0,80, does 
the asymmetry of the correlation curve 
have the same character as that with 
respect to Moscow, and at greater 
distances from Barnaul westward the 
coefficients of correlation are 
greater than those eastward at the same 
distances from the center. In May the 
asymmetry of correlation curve with 
respect to Barnaul in the whole territory 
is of the same character as that with 
respect to Moscow, but it is 
expressed somewhat sharper. It is 
necessary to consider that latitudinal 
sections for which correlation 
functions are plotted with respect to 
Moscow and Barnaul are unequal. 
Comparing the closeness of the connect 
tion of stations located at the same 

distances westward from the centers of correlation, we find that in 
January the coefficients of correlation with respect to Barnaul are 
greater than those with respect to Moscow. This is caused by the 
influence of the Aslan anticyclone, which in various years is 
unequally developed in intensity and does not always render great 
influence on regions to the west of Moscow. Eastward from Moscow 
and from Barnaul at the same distances the coefficients of 
correlation are practically identical. 

In May the picture changes considerably 5 western branches of 
correlation curves show that at the same distances from the centers 
the coefficients of correlation with respect to Moscow are 
greater than those with respect to Barnaul, and the eastern branches 
in their greater part have a reverse course. The cause of this is 
the destruction of the winter anticyclone in the western part of 
the country and the intensification of the merlodlonal air transfer, 
whereas in the east the role of the winter character of the 
circulation is still important. 

For the characteristic of changes in position which 
isocorrelates undergo during a year, on Fig. 83 positions of 0.5 
isocorrelates for all months of the year are plotted. Barnaul 
(and not Moscow) is selected as center because in all months of the 
year the 0.5 isocorrelate is within the Soviet Union with the 
exception of a small part of it in the south of the country. 

Analysis of Fig. 83 permits drawing the following conclusions. 





«»i ■» m> ■MKdtnw ^ ■ vV:«Mi^r3!i»fí!Pt|Ü 

1. In the west the annual course of the 0.5 isocorrelate is 
distinguished by a well-known regularity. The farthest advanced to 
the west of isolines in winter are from December to February;1 then 
come isolines for months symmetric in the annual course, March and 
November, April and October; and the nearest of all to Barnaul and 
sufficiently close to one another are isolines of the warm period, 
from May to September. 

2, Eastward from Barnaul the location of 0.5 isocorrelates in 
various months of year has another character. Further all on east 
there is advanced the isocorrelate in January, in the remaining 
months of the cold part of the year 0.5 isocorrelates are close to 
one another, 0.5 isolones in the period from May to September are 
distributed more or less regularly and nearer to Barnaul than they 

w^nter* The reason that 0.5 isocorrelates do not extend 
further to the east is because of presence in the Far East of an 
infependent circulation of a special type, the monsoon, whose 
connection with respect to temperature characteristics with the 
central part of the continent is expressed comparatively weakly, and 
the coefficients of correlation do not reach 0.5. 

3. In the north and, apparently, in the south isocorrelates 
are located very densely, where in the cold part of the year they 
are nearer to the center than in the warm period. It is clear that 
here the predominant air transfers in various seasons are effective. 
It is difficult to analyze this question more in detail, using 

terrestrial data. This is a subject of special Investigation« 
which has both theoretical and practical (prognostic) importance. 

As was already said earlier, isocorrelate maps of the 
northern hemisphere are compiled only for two month® - January and 
May. Presnetation of the annual course of coefficients of correlation 
in various parts of the northern hemisphere is given in Table 18, 
where for the selected points coefficients are given of correlation 
for all months of the year. 

Analysis of Table 18 shows, first of all, that the annual course 
coefficients of correlation is insufficiently smooth. Since in 

this table there are data for long a series of observations (only 
for Jan Mayen Island 21 years is used) one should consider that 
coefficients of correlation, as a rule, are determined with sufficient 
accuracy, and their small values indicate that a connection is 
practically absent. 

In great expanses, as data of Nant, Barnaul, Petropavlosk- 
Kamchatkiy and Niigatar show, according to values of coefficients of 
correlation May there is indeed one of the most contrast months 
with respect to January according to the character of the relationship 
On Kamchatka a somewhat greater contrast is observed in October. 
Since in Dawson, Upernavik and Jan Mayen Island in summer months the 

1The section along the parallel corresponding to the latitude 
of Barnaul. 
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coefficients of correlation are close to zero, and it is not necessary 
to discuss the contrast of them with respect to January. In 
Stikkisholmur (and also in Yaktusk) in all those months when 
coefficients are more or less considerable, they have the same sign. 
Deserving attention are the comparatively large coefficients of 
correlation in the autumn months (Dawson, New Haven, Stikkisholmur, 
Petropavlosk-Kamchatkiy). 

Isocorrelate maps and correlation functions characterize to a 
certain degree the influence of the Asian and anticyclone on the 
closeness of the connection between temperatures of different parts 
of the Soviet Union. It is interesting to trace the role of the 
Icelandic action center. 

Table 19 shows that correlation coefficients between temperatures 
of Stikkisholmur and New Haven in all months of the year are 
positive, whereas with Moscow and Leningrad almost in all months 
these coefficients are negative and in their value of own, as a rule, 
they are larger. It is important that the largest values of them 
in the annual course are. observed in October (and with New Haven 
also in August). 

Table 19. Correlation Coefficients with Rer 
spect to Stikkisholmur 

^Station > II III IV V VI 

New Haven .... 

Leningrad. 
« 

O.W 
—0,09 

0.24 
—0.21 

0,21 
O.OJ 

0.12 
-0,21 

0..10 
-0.20 

?i S
 

o
 o’ 

, Station VII VIII IX X XI XII 

New Haven .... 
Leningrad .... 

0.15 
0.10 

OJO 
0.14 

O.M 
-0,25 

0.44 
-0.52 

U.M 
-0.lt 

0.1* 
-O.W 

It is necessary to note the fact of the insignificant 
relationship between the temperature regime in regions of the 
Icelandic and Azore centers of action. Correlation coefficients 
between temperatures of Stikkisholmur and Ponta Delgad in 
January and May are equal to -0.12 and ±0.04 respectively. The 
complicated character of relationships of temperature regime of the 
Icelandic« action center with America and Europe is caused by the 
character of circulation, which here is not examined since it does 
not have a direct relation to the present work. 

% 

Correlation relationships revealed between temperatures of 
various parts of the polar and temperate zones of the northern 
hemisphere permit revealing many regularities in the character of 
spatial change in temperature regime in these parts of Earth. In 
particular, the transition from large positive correlation 
coefficients through their zero to negative values with indubitable¬ 
ness once again shows that the direct cause of the change in the 
temperature regime is due to changes in character in the atmospheric 
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circulation, since only with the help of the circuiatinn 

uüïïdr5^^*?6 hMt' «ÂâÂ'S îôwre<ils“r1' 

aîî^eS^Â’pâa^egSÜ °Ce“- and cola n°“6 °f 

^Alt*OUel1 for the southern hemisphere isocorrelate maos are not 
made due to an insufficient quantity of stations and short duîÎtiSS 

- ÄrL-t? % i sfer 
from the analogous regions of the northern hemisphere. 

In spite of the Important contribution which the analv^is n-p 

B ~Sr äSF- ®ubtroPlcal) zone are almost absent, and it is clear 
that the shift of the center of correlation from one point of the 
temperate zone to another point of the same belt will not facilitate 

andCaíto th¿ fact^haï^he^® dlmeîlsion of the area of low latitudes . 
TÍ30 íve fac? ^hat the temperature regime there is sublected tn 

considerable variations from one 10-year period to another ias q 
was shown in »pur former works and in Chapter III of this work) it 

nr fhû°?Sible to disre6ard data for this area with a total appraisal 
of the increase or decrease in temperature of the hemisphere^ 

ï^j_you^ hav6 been possible to calculate for low latitudes 
correlation coefficients with respect to any point in the subtronical 
or tropic zone and to examine it independently. But calculation^of 

for the whold hemisphere with ïhe help of 
the distribution of isocorrelates, even if it is possible is 

sufficieStíracc¿rate.maÍnly “ ÍS doubtful whether «iíl be 

4.u^b ds necessary to try to find another aptJroach to the solution 

hLÍ3phe«SoÍ°Íhf Solí6 0hange ln te”peraturis re8llle °f »»“Ia 

2. Afipraisal of the Change in Air Temperature 
or the Northern HemispEere (as a~Wfer- 

for Individual Months and rears 
with Respect to Its 

Ferennial Mean 
Temperature" 

i.t has been more thañ 100 years since Dove (1840-1859) carried- 

Sëîlîîi^rfg1?“10” for his time) oÆ dístííbSnS of 
deviations in temperature in individual years from the perennial mean 
in various parts of the Earth. As is knJwn, he aïrivIdP|t SnSusiSs 
ïjlc5 sometimes called Dove's laws. They can be formulated in1 
he following way: 1) a deviation in temperature from the perennial 
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ïraïésï°andexten?ïvrter?itor?iV2? JonsidPrAh?11^ sPreads ln mor* the mean in one rp^inn a-rû 2 J considerable deviations from 
sign iñ aSo?Kr rftïL Tt TrnSHted by devlations of the opposite 
Dove could revLf oí? is understandable that at that time 
temperie, buffo? ï S??™? the '“btrlbuiS in 
to the problem hea hae extremely J«a!°1Utl0n 

continuation of v/orks of Dove ârtî-rf'i ?ssen^fa^^y# are the 
that there exist two sources where deíiítionsríVed at ?he conclusl'On 
from the perennial mean values aonear Íapí™ +Í annual temperatures 
spread to considerable exnnn«Aa rl ^rP™ these sources deviations 
1891-1900 and for ?hiS uHe investigated the period Of0ns 
polar regions and Australií. At Ín hi® PP11110^ the 
in other years these sources can be d?^n?«ÎS hf ,r®coSnize<î that 
also to find the cause or fLoïL? displaced. Arktovskiy tried 
in individual years from the mean dev;'-ations of temperature 
them with solaï a^iîuy. he and studied the relationship of 

problem^ormulated^y nf ' ? but ths 
we have an Immeasurably greater 

lach of dKffor^ceans?16^!? llftftS f th0 Jrotlleai are the 
resolution of the problem for th^nÍLÍ? a u1?7 to refuae 
by an attempt of its schematic solStKfÆ thf^tSîn^eSÂf 

deviaâîÎfinlî? X^aKÄftS “i“ ^ ls““nes of 
period of 1881-1040 in n^+v0m fhe Per®nnial average for the 
calculations a serÍe^of^s 6 íí96^ 
when in extensive territories thlr>le^lCteá^for those months and years 
in tempera tureof rXrtiïn IlS Soí ^r?™f.Ted í"4“86 deviations 
leveling areas were calcuist<ntig^ciíí?«d.p?reni?ial valueSe By means of 
higher and lower than the perennial mefí7 !^rLthe temPerature was 
these areas the amount of KïiSoÎ íhen 011 each 
was considered. iation of temperature from the perennial 

to Append ice s ^ii-vili? ^n^ecS^of ^oi^theíí011 1St kS turn large positive deviA-Mrvna 4. 6* or 1917 there were observed 
Eurfpean if ut^ f tEe in th! “»«heast of"S 
excess in temperature above the^nean in this°rff? t0 ca;Lcu;Lat® the 
were determined where deviations ÎS fící^o ínSíonVarealoof rf5Ss 
etc. Ihe excess in tamperaÄXÄ elc°h^ 
COnslder>«rt O K°. ï C0 „ u“c iinSB Wftg 

theSregion whirl déliátiín¿ excKdedl^thrd^hf?f afea- But in 
should not necessarily be considered 7 ^o^e *emP©fÄture 
probable value there ïere uS oîiSinlir^ deîfrraine its moat 
Of deviations for separate statSf^tJd STttaf“ ÄlaSy''*1“8 
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needed in a more precise definition are coefficients for the 
calculation of deviations of temperature in areas occupied by oceans 
and in the insufficiently studied parts of the territory of 
continents. These coefficients were always determined by orginals 
of maps taking into account data all nearby stations. Thus, for 
example, to the south of Greenland in the region of the Atlantic 
inside the closed Io line deviation from the perennial mean was 
taken not 1.5° but only Io, and inside the ring 0-1°, not 0.5° but 
only 0.2°. Analogously in Africa in the area inside the closed 
Io line the deviation was considered not equal to 1.5°» but only 1.2 . 
With the help of the above-indicated mehtod series of maps of 
deviations in air temperature in the northern hemisphere was compiled. 
Some of these maps are given as examples in the Appendix II-VIII. 

Results of analysis for three years (1917# 1921 and 1931) are 
given in Table 20. 

Table 20. Deviations in Air Tempera¬ 
ture from the Perennial Means for the 
Northern HemJ [sphere 

Year 
1 II III IV ■ V VI Vil 

1W7 
ÍWJ 
IW1 

—0,14 
-0.0» 
«i 0,41 

-0,14 
-0,13 
tO.IO 

—0.3H 
-0,07 
-0,36 

-0,?J 
- 0,03 
-o.w 

—0,34 
-0,05 
-0,03 

-0.01 
-0,0b 
—0,44 

tO.O* 
-0,07 
-r0.03 

Year 
VIH IX X XI XII 

/ 
Year 

1917 

1031 

-0.M 
ñ-0,07 
*0.3* 
1 

-O.líl 
-0,00 
••O/iT 

-0,40 
-0,01 
-0,36 

-O.tt 
i» 0,01 
-f0.3l 

-0.05 
-0,23 
-rO.42 

—0,25 
-o.ob 
«rO.W 

An analysis of this table shows important distinctions in the 
character of distribution of temperature in each of these three 
years. In 1917 in all months except May and June And also as an 
average for the year, the temperature of the hemisphere was lower 
than that of the perennial mean. Negative deviations attained 
especially large values in the period of March-May and October to 
December. From June to August there was carried out almost full 
compensation of temperature between regions of positive and 
negative deviations from the perennial mean. In 1929 such a 
compensation was observed almost in all months of the year and also 
as an average for the year. Thus in these months of 1917 an<^ also 
as an average almost in all months of 1929» bhe temperature of the 
northern hemisphere was close to the perennial average. 

In 1931 the excess the temperature as compared to the 
perennial average is observed in all months of the year and as an 
average for the year where, with the exception of May and July, it 
reaches considerable values. It is interesting that in certain 
summer months (June, August) it is just as great as it is in 
winter. 
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The distribution of positive and negative deviations, as can 
be seen from maps of temperature deviations, is very complicated, and 
without exact computation it is not always possible to decide whether 
in a given month the northern hemisphere was, as a whole, warmed or 
cooled. A characteristic example can be February of 1929. It is 
known that it was very cold almost on the entire mainland of 
Eurasia, especially in Europe. Low temperatures were also observed 
in North America. In spite of this, calculations showed (Table 20) 
that the temperature of the whole hemisphere was lower than the 
perennial mean by only 0.13°. This occured due to positive deviations 
from the perennial mean in low latitudes (Atlantic, part of Africa, 
Arabia). The warm Arctic In this case has lesser importance, since 
the deviations from the perennial mean, although there they attain 
considerable values, the area occupied by them is comparatively 
small. 

Although with the construction of maps of temperature deviations 
In oceans data of observations on vessels were considered, nevertheless, 
there was doubt in the accuracy of the drawing of isolines on 
oceans, and also in Africa, Central Asia, Arabia, and therefore it 
is considerably important to clarify whether figures of Table 20 
reflect the real relationships of positive and negative deviaticáis 
in temperature of the northern hemisphere. An exact answer to this 
question is difficult to give, but certain considerations are in 
favor of a positive answer'. 

Thus, for example, the increase or decrease in temperature of 
the northern hemisphere as an average for the year can be calculated 
by months, but can be obtained as an average value from 12 months.1 
A check showed good consent of values of the annual increase or 
decrease in temperature calculated by both methods, which indicates 
satisfactory accuracy of isolines of deviations on monthly maps. 

As to the fact that figures given in Table 20 reflect real 
relationships, systematics in the course of deviations during the 
year indicates that in 1931 in all months of the year an increase in 
the perennial mean is observed, and in 1917 in all months except 
January and December there is a decrease in temperature. For 1929 
almost in all months very insignificant deviations in temperature 
are characteristic of the northern hemisphere from the perennial 
mean. 

By applying the described method of calculation of the 
deviation in temperature of the northern hemisphere from the perennial 
mean for a series of years, one can determine the magnitude of 
increase or decrease in temperature of the northern hemisphere fron 
one decade to another, etc. 

Such calculation requires, however, much expenditure of labor 
and in the given stage of the investigation of the change in 

1Given in the table are values of annual deviation in temperature 
from the perennial mean obtained by means of calculation on 
maps of deviations. 
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temperature was not carried out. It is impossible as yet to conduct 
it for the southern hemisphere, since maps of temperature deviations 
from the perennial mean for the southern hemisphere have not been 
compiled. Thus, in spite of the great perspectivity of this method, 
at present an appraisal of the change in temperature in a planetary 
scale by this method is not feasible, and we must be satisfied for 
this purpose with methods which are less exact, especially in oceans. 

3* Question of the Temperature Drop After 
the Period of 1921-1940 . 

Authors engaged in the study of this question used one of 
following methods. Callendar (1961) calculated for various latitudinal 
zones and for separate parts or the Earth (Africa, Southern America, 
etc) deviations of 5-year mean annual temperatures, and also moving 
20-year means from the perennial means (1901-1950) for the period 
from I88O to i960, and he also compared for latitudinal zones mean 
temperatures for periods 192I-I95O and I89I-I92O. 

Mitchell (1963) calculated deviations of 5-year mean temperatures 
(from 1840 to 190O) from the mean for the 5-year period 1880-1884 
for the year and for winter, summed up along latitudinal zones for 
the whole Earth and also separately for various latitudinal zones. 
Furthermore, he calculated differences of the mean annual temperatures 
along latitudinal zones for periods I890-1919 and 192O-I949. All 
these calculations led to the conclusion of the increase in 
temperature on the Earth as a whole, consisting, as already was shown 
in Chapter III, according to Willett and Mitchell, of about 0.4° 
for regions from60°N. Lat to 500 S. Lat. and about 0.6° for the zone 
from 60° to 20° N. Lat. In the tropic zone from 20° N. Lat. to 20° 
S. Lat. it is about 0.4°, and in the southeren hemisphere (of 20 to 
50° S. Lat.) the increase in temperature was less, about 0.1°. Values 
of the increase in temperature obtained by Callendar differ little 
from those mentioned above. 

We did not consider it expedient to conduct the same 
calculations on our more extensive material, since it is doubtful 
whether it is possible to expect results differing essentially from 
those obtained by these authors. 

But if zonal-integrated mean temperatures in the first approxi¬ 
mation are sufficient in order to estimate the general trend of the 
variation of temperature on the Earth as a whole, then they are 
unfit for the characteristic of the distribution of regions of 
increase and decrease in temperature inside the same latitudinal zone. 
This was already well apparent from the work of Rubinshteyn (1946), 
where there are given for the northern hemisphere maps of 
deviations in temperature from the perennial mean for the 10-year 
periods 1919-1928 and 1929-1938, and also* from the work of Polozova 
and Rubinshteyn (1963) where it was shown that according to the 
course of temperatures each latitudinal from 80° N. Lat. to 40° 
N. Lat Is divided into two parts. 
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in temperature ^for^winter^nd theSv0f dlstrlfeution of differences 
to 1939, 1920-1939 and igJfO-iq^Q6 (ahn in? periods I900-1919 and 1920 
work of Polozova andluíinshteyn'fÍS?)1^^" 19^959. In ?he92 
for January and April for periods lSiio?n10gOUS maps are given 
for periods I951-I96O and 194l°195of 96° and and also 

oamoufLS as a “h“^ 
mon^re?Ces in temperature, since in th« °f the dlstribution of 

The time q,x*2*ívôs ■f’o ^11 viv\ u.* 
temperature drop for each moni-î an analysls of the warming and 
for future researchers coord!natfepar^telyj slnce this will facilitate 
with circulation 2d otSe? fa??^fj? chanSe in tem^eraSre ^ 
meteorological elements wïth?Îme! affeCting the variation of 

Given on Fies fiA.on « „ 
in mean temperatures for the PO^vpnî>apili? distribution of differences 
I960 for those months 2 »htoh dîf?L!^l0d? ^-1910 and Isíi S 
tîîs freapest interest (November-Mavl ln their value represent 
judging in what months of year in whât Tllefe differences permit 
emperature drop expressed the sharpest^610118 0f the Earth is the 

certain^haracterfstie^pecullaritiee^'e0! let us 1Mi=ate only temperatures. P arities of isolines of differences in 

temperature of Greenland6!^ thp foonf^ sreat increase in the 
subsequent 20-year peSod a1mn!t 9^° S,and ^30-s. In the 
period of^Ijovember-December Februarv-L?6®?^^ cooled ln the 
P of it there was no temperature irop"^' In January ln a great 

?l»osfaîrifr;CfsiS^naLter 19Ü° the ‘«"-Phrature dropped 

ils — Ä»?1iiv?r 

America the^ämperatur^ln1»» oü the easterh part of north 
higher than that S th? p?eíedin»'S,r S^1?1 ^1-1960 îs 
of the temperature drop in Eur»a?aP«ri°gj In Januarv the region 

SgiínSífdrreaSe ln temperatureÍwas°observed1fn'^qCr®rffedj and the 
thf s°Le as írSeiínDâ?P^ratUre in North ^^cf S apSîimaïîf 
course of the temperature with Eurasfá 3tïle Gontrast in the^ 
preceding months, vanishes in Pah»* a’, was the case in the 
temperature drop'were incréasÏÏ re?ions enveloped by a 
region of the greatest teSerI?irTS!7/r the &rst time the 
thpîiCr frora Spitsbergen to the Novosibiextended to the 

8 a Oontrast let”«h the temperature dí^^VSirgj tg1“ 
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AD?iinthif pnntipV? a conslderable part of North America. In 
¿EEí¿ tllis contrast is preserved but with a reverqprl ci n-n 4-vi^ 
feast part of North taerica It co“îS l»-!^ Srlaf ¿SrísL 
1° In Ma^th8 thefe ^ °tserved an increase in temperature of 
and2c¿rta?ni|arSeof0í1hra?t tei,Pcrat''re in North America 

in »orÄe??craSt^ temperaïnïe^^ ïf ^iSS^riesf ín^s 
Union.than the warming ln the corresponding regions of the Soviet 

4.uThe low6finë of temperature in the period 194l-ig60 as comnarprl 

ÎorïiSr^f^ÂSele^ ^ 

ú-Pv>-t^TlleAte2?peí'f1:ure dorPPed considerably in May in large areaq nf 
Partially ln South America and in the oceans 

and in March and November — in Afrlna «nn ¿ne + ^oi-¾ « 

^tS;esaiÍytLOUperSdrÍ9H3â6ortraUa “ 

iq4l_ÍQfinSH?rt ^ter?st t° clarify during what years in the period 
jj 1960 lowering of the temperature occur ThiQ wiii rr-tir» « 
idea of the stability of the tempfratïïf d?^ tïïs^Syeafperïd. 

__ ,.,J^°^er to answer this question, let us turn to Pigs 91-Q7 

pecuÄML6 ^S^rjf^he^^SHnÄpr f0ll°“ine 
The decade 1951-1960 in October is considprahiv 4-u«^ 
^en±?US drade ln the noHB- of the Asian pSt of Sä 

Soviet Union where the difference reaches 4-5° (Fig 95) Tn 

£??lEeadroD1ÍnCteJ5n¿^artS °f the Sov^t5UnionêthS-arfregions wnere the drop in temperature, as compared to the 1940‘s, exceeds 
3 and in certain places even 4° (Fig. 96). in Januarv lnHfCef= 

Sw^Vïî Value a dr°P in tempf^atui; is oi^g JUSt' aS 
America, in February - in Alaska and the Soviet Union in North 

An important peculiarity of the decade I95I-I960 is the 

ti is clear that years I9ÍI-1950 were very warm in thesfreii™. 

drop oftthctocMntfcr‘»nn4n the ?eriod 1951-1960 is the temperature 
February?h 1 11 the examlned months of the year except 
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(m-f0SLof/ean an?ual temperatures are also of interei:!, ),„ 
dliierences in annual temperatures are usually less t)mr ,- 

tL'reaïc"neé'd1iftfhPeratUreS! an'J thererore with their ealïûiatior, 

differe1í”eÍ„1eSerâ?SSrf“etSr^Sás fgS“™ StSj, iaQ0 
ÏÏÂ° Z%?îîV°r the ^^TiXî^sT^890 

«ah îhat Mltl:he11 (i'-ij) also constructed a 

thf ' î°ï the reason that Mitchell gives differences for 

lsolinïs\rrfârSS hlS 

âz-»5==sî=si1|£:' 
».ÇFjb? KS™-iS-SHr’5 
•SS;;Ä£«?:Sr£¥ ~ï; =■“ pr-iSiaíi 4^Ä|g;T 
ä ss sä.-äa-™S:i isäS: "*• 
íe^Sqía^to^he^erio^losnHflto'1 *e”Perat“res from the period 

a ÄraKrof^e-S.—a ^ **>' eourthen^heraiaphere te 

4. Trends of Further Change in Çlimate 

not ïiïïsÂ Vce^ d° 

%H#^HailTSLSfH8S2°idal¿L1ty- 
IÎÎïïâ4daafÄ the -160^1^ °f thls relationship has not been 

niorwa+Ü’01*^ this one of the possible causes of the total 

» sssail« «c:i 
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19th Century), 

^S!KSLi“r ofpSu=é!iation 

The assumed increase in content of carbon rtinviHo in 

^bÄ^iÄHF^ere' !ä\ä^ éAd ?nS rs 
SS5e S^Î^ÎLif ;uence °f iart«l0"= “f the^oitênï õf carbcS 

increase ln concentratlcn o, ,0, by loX crbe^c^leleTcmpeSLbed 
by a change in the content of steam bv 3SÊ or c>inurt-tnoco «-p uj ^ 

valuSs! emerge bey0nd the limitS °f error^ of ^easíremeíts of^hese 

or ÄfÄÄf^ g î^sfi^cSrgrïL 
ÂIÂÎÏr al ITS 

fnrtlt Js. ^Possible not to consider the possibility of 
further and more intense growth in the atmosphere of the content 
of carbon dioxide. In order to estimate the degree of its 

?íeOTF?oSrSSLS' ÄS.“?? the COg content in air are needed which would be produced by 

Âf!rfv.inîtruraenî? Such observations were started 
Kesslfnghe Intern*ti0nftl Qe0phySiCal Year (IGY) ln (I960) 

„4.?er^?'fn researchers, being based on erapiricallv established 
vAr?«t?nShlfS °f the circulation of the atmosphere with secular 

pro^oatlcatlon^ar a0tlïlt!r' ^ 

of£ïr=a ni» 

of0lc»lrSaoS?gactív"tyhIt 'ttS? !XpeSted tr“8ltlon to the epoch 
.111 bTcÄÄity'c^SlÄ ÂelLïïc6 ^ÂïMer 
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to the epoch prior to the warming of the Arctic, i.e., considerable 
weakening of the total circulation of the atmosphere will bo 
observed, main routes of cyclones will be displaced to the south, 
the power of Arctic intrusions will be increased, and there will 
be an increase in ice cover oí' the Arctic Seas. In connection with 
this the eontinentality of the climate of Europe and Western 
Siberia will be Increased, and the temperature of winter months will 
drop. 

Gris (1963), in generalizing the results of his former 
investigations and present work, considered it possible to formulate 
the following prognostic considerations. The connection between 
secular and 11-year cycles of solar activity, on the one hand, and 
variations in atmospheric circulation, on the other, permits 
assuming that in the next 30-40 years (branch of thd drop of the 
secular cycle) the recurrence of processes of the western form of 
circulation (increase In zonality) will exceed the norm, i.e,, 
there will be observed a weakening in the interlatitudinal exchange, 
an Increase In contrasts between high and low latitudes, and a 
temperature drop in the high and moderate latitudes. 

Considering the influence of the branch oí' the growth of the 
11-year cycle of solar activity, it is possible to expect that from 
1965 to 1970 the recurrence of processes of zonal circulation is 
somewhat decreased, and on the branch of the drop in the 11-year 
cycle in the period of I97O-I976 the zonal circulation should be 
activated. 

In the work of Maksimov and Smirnov (I965) there is given a 
long-term forecast of variations of basic forms of atmospheric 
circulation (after Vangengeym and Girs) for the Atlantic and Pacific 
Ocean sectors of the northern hemisphere for the forthcoming 10-year 
period (to 1976). For the formulation of prognositc equations the 
authors used results of harmonic analysis of perennial (1900-1960) 
indices of the circulation of the atmosphere. The change in the 
number of days with a certain type of circulation was determined 
taking into account the influence of variations in solar activity 111 and 80-year cÿcles), long-period lunar tide In the ocean 
19-year cycle) and the position of the pole of rotation of Earth 
7-year cycle). 

The equations formulated are used by the authors for the 
determination of indices of circulation (annual recurrence of types 
of circulation) for the whole period of observations and for the 
subsequent I5 years. The observed data calculated by them on 
dependent material will agree quite satisfactorily (coefficient of 
correlation is 0.61-0.84), but the authors correctly note that 
the data predicted by them cannot give such good connection with 
independent values. 

On this basis the authors prognosticate recurrence of forms of 
circulation in the Atlantic and Pacific Ocean sectors, detailing 
peculiarities of the course of every type for periods 1963-1967, 
1968-1973, 1974-1976 and even for I982-I987. In this last 
period a deep minimum of meridional circulation is expected, which 
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should lead to a "sharp accentuation of the continentality of the 
clímate In the Atlantic zone of the Earth". 

Analogous treatment of consequences of the change of circulation 
In other periods is not given. 

Authors of the given article correctly note that the good 
similarity of curves (obtained by them) of observed values and 
calculated (on the basis of the same series) still does not guarantee 
success of the forecast of the basic forms of circulation; however, 
considering the inertness of the wave processes, they count on the 
satisfactory accuracy of the forecast. 

Rodwal'd (1958) predicts warming by examining the contemporary 
warming as a return to normal climatic conditions, i.e., to the 
warmer climate of the early Middle Ages. Assuming that the phase of 
recession of glaciers (in 1850-year cycle) of the Earth started 
at the end of the 18th Century, IShnitnikov expects that during the 
next 14-15 centuries the retreating of glaciers will continue, 
and this is connected with the increase in the total planetary 
temperature. 

Thus till now there has been no single opinion about the 
forthcoming changes of climate. This is understandable because the 
role of different factors causing variations in circulation of the 
atmosphere and climate too is little known to us, and the mechanism 
of influence on the atmosphere of external factors is unknown. 
Hence there is impossibility of physically founded forecasts of ( 
circulation characteristics. All contemporary attempts of superlong- 
term prognostication, essentially, are the bases in the extrapolation 
of empirically set connections with solar activity. In reality the 
course of atmospheric processes differs by the nonstationarity: a 
certain cyclic recurrence ceux be observed during some period, then 
it can vanish or change the wavelength. Therefore, it is difficult 
to anticipate when cyclical variations will appear or will cease and 
how long they will continue. 

From the preceding account it is clear that the superlong-term 
forecasts of Vitel's, Girs, and Maksimov for several decades or 
even several years are based on forecast of the character of the 
atmospheric circulation, which in turn is based on the relationship of 
the circulation with solar activity. In Chapters IV and V it was 
established that the change in air temperature Indeed to a 
considerable degree is connected with different indices of 
circulation and solar activity; however, the mechanism of these 
relationships is complicated and, furthermore, on the course of 
temperature is affected by other factors. 

As a result the course of even 10-year mean temperatures is 
not always linked well with the course of Indices of circulation. 
Just as the course of the 5-year mean with the course of solar 
activity. It is all the more difficult to expect that the forecast 
of temperature for 3-5 years, founded on the forecast of circulation, 
will be more or less, satisfactory. 
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Considering the nonstationary character of atmospheric 
processes leading to perennial variations in temperature, we do not 
risk using in the determination of the trend in further variation in 
temperature connections the revealed at present of it with the 
character of circulation and variations in solar activity. 

* 9 

On the basis of that said above we will try, not arriving at any 
hypotheses, to give certain considerations about the course of 
temperature in the next several decades. 

Until now the change in the variation in temperature by 10-year 
moving mean monthly temperatures was analyzed. Inis permitted 
revealing the presence of the change in température regime, 
monotonously directed or oscillatory with wavelengths of more than 
10 years. It is important, however, to know the character of 
the trends, and in the case of a wave-like change in the curve to 
determine approximately the order of the wavelengths remaining with 
averaging for longer intervals of time. Figures 98*109 show the 
character of temperature curves with moving averaging by 35, 50 and 
80 consecutive members of the series. The selection of stations 
whole temperatures are represented on these figures is done according 
to the following principle. 

Moving 35-year mean temperatures are given for stations having 
a duration of a series of temperature of not less than 80-85 years, 
and only in regions little exposed in a meteorological respect were 
the series selected somewhat shorter. Moving 50-year series are 
given for stations with observations of more than 100 years, and 80- 
year series — more 200 years. Series were used which were as 
uniform as possible or with ocrrections excluding heterogeneity. 

Given on Figs. 98-102 is the course of the 35-year moving mean 
temperatures for all months of the year and as an average for year 
for stations with a very long series of observations (Leningrad, 
New Haven, Barnaul) and for stations Upernavik and Salekhard having 
observations of 8O-85 years but differing by very great changes 
in temperature - record-breaking in a planetary scale. 

• 

On Figs. IO3-IO6 there are given 35-year moving mean temperatures 
for a series of stations only for certain months of year and as an 
average for the year, since it was inexpedient to analyze 35-year 
mean temperatures for those months for which the 10-year moving means 
were already stable. 

Let us turn to an analysis of the course of moving mean 
temperatures. According to the character of the course of 35-year 
moving means in January, the stations are divided into four groups. 

The first group is Upernavik and Salekhard. Characteristic for 
them is a sharp increase in temperature from the beginning to the 
end of the period. In the period of I882-I9I6 the mean temperature 
of January in Upernavik was -22.5°, and in the period of 1926-1960 
only -170; in Salekhard it was during 1882-1916 -25.5° and during 
1923-1957 -21.8° respectively. 
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Fig. 100, Sliding 35-summer average tem¬ 
peratures. New Haven. 
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Pig. 101. Moving 
55-year mean 
temperatures. 
Upernavlk. 

Plg. 102. Moving 
35-year mean tem¬ 
peratures . 
Salekhard. 
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Fig. 105. Moving 35-year mean tempera¬ 
tures. July, November. 
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Fig. 106, Moving 35-year mean 
temperatures. Year. 
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Pig. 107. Moving 50-year mean temperatures. 
January, April, July. 
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To the second group can belong a series of stations of the 
moderate zone located In Europe, Asia and America, In it are 
Included the stations Leningrad, Greenwich, Vienna, Lugansk, 
Barnaul, Yakutsk,New Haven, Winnipeg and Dawson. For them an 
increase in temperature in the second part of the period as compared 
to the first is characteristic, and, although toward the end of the 
period there is observed a certain lowering of the temperature; 
nevertheless, it remains higher than the perennial mean temperature. 
Thus, for example, in Leningrad the mean temperature of January for 
the period I752-I786 was -10.5°, in the period of I904-1938 it was 
-Ir£0,oSnd from ^930 to 1965, -7.2°. In Barnaul in the period of 
1846-1880 the temperature of January was equal to-19.50, in the 
period 1898-1932, -17.6°, in the period 1930-1964,-17.8°. 
Kazalinsk does not quite belong to this group of stations, since 
after the increase in temperature in the middle of the series of 
observations the temperature again drops and at the end of the period 
it is the same as it was in the beginning. 

The third group consists of stations located in comparatively 
low latitudes of the northern and southern hemispheres, Shanghai, 
Buenos Aires, Capetown, which with general stability of the means 
have a trend toward the increase in temperature toward the end of 
the period. Opposite as compared to this, the course of temperature 
with the lowering of the temperature toward the end of the period 
is observed in Australia, in Adelaide, which one should refer to the 
fourth group; such a course in temperature is typical for greater 
part of Australia. 

In February, Just as in January, the temperature of Upernavika 
is sharply Increased rom the beginning to the end of the period, 
but in New Haven and Yakutsk the pourse of temperature is basically 
opposite to the course of it in January, i.e., toward the end of the 
period of temperature it is lower than in the beginning of it. In 
Adelaide in February, as in January, a decrease in temperature toward 
th£. end ef the period is observed.1 

In A^ril there is basically noticed the same trend toward an 
increase In temperature as in January. Only in Winnipeg and Adelaide, 
judging by the moving 10-year mean (see Chapter III), is the trend 
toward a decrease in temperature noticable. 

In July all stations, including Adelaide, show an increase in 
temperature. 

In November In Leningrad, Greenwich, Vienna, Shanghai, and New 
Haven, one can see a considerable Increase in .'temperature toward the 
end of the period. The other group of stations - Kazalinsk, Barnaul, 
Yakutsk, Winnipeg, Adelaide — is characterized by a decrease in 
temperature toward the end of the period. 

On the average for the year the temperature at a series of . 
stations was basically increased. The exception Includes the stations 
Lungansk, Kazalinsk, Yakutsk and Adelaide, where the 33-year mean 
annual temperatures during the whole period of observations are almost 
constant. 

1Data are not represented for February in Yakutsk and Adelaide 
on the graph. *■ 
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At first glance It can appear that stations characterized by 
an analogous course in temperature are located unsystematically. 
It is necessary, however, to remember that they are representatives 
of large territories inside which the course of temperature is well 
correlated. 

Examination of Pigs. 98-106 leads to the conclusion that in 
vast areas of the Earth trends toward the increase in temperature 
are observed: apparently, cycles of variations with a wavelength 
of more than 35 years exist. Hence it appears necessary to trace 
the course of the moving 50 and 80-year mean temperatures for 
specially long series of observations. From Pigs. IO7-IO9 it is 
clear that in January. April, November and on the average for the 
year in Leningrad there Is revealed the clearly expressed trend 
toward an increase in the 50 and 80-year mean temperatures. Let us 
show for its characteristics that the 80-year mean temperature of 
January in the period I752-I83I was -9.90, and in the period I885 to 
196^, only -7.5 . In July the lowest 50 and 80-year mean 
temperatures were observed in the middle of the 19th Century and 
the highest, in the beginning and at the end of the whole period of 
observations, but the difference in temperatures in the period of 
the highest mean values is considerably less than it is in winter. 
In New Haven in January, November and on the average for the year 
the course of SCHämT 80-year mean temperatures is the same as that 
in Leningrad, i.e., there is a trend toward the increase in 
temperature. 

Besides the course of temperature in Leningrad and New Haven 
characterized above, it is possible to note peculiarities of the 
change in temperature and at other stations. Thus in January there 
is seen a trend toward an increase in 50-year mean temperatures in 
Lugansk, Barnaul, Greenwich and Vienna and in Barnaul also in April. 
In July in Lugansk the 50-year mean temperatures have a trend toward 
lowering, and in November they are stabilized near the perennial 
mean. 

On the average for the year 50-year temperatures in Lugansk 
are very stable, and in Barnaul they reveal a trend toward an 
increase, signaling the presence of temperature waves with a length 
of more than 50 years. 

Figures 98-IO9 permit expressing certain considerations about 
the probable course of mean monthly temperatures of the next 35-year 
periods. 

These considerations are given further for few stations, since 
by far not in all parts of the Earth are there long and, moreover, 
more or less uniform series of observations, especially in the 
wouthern hemisphere. At the same time it is necessary to consider 
that each of the stations for which there is given a tentative 
forecast of mean monthly temperatures for the next decade is 
characteristic for extensive regions, and everything said about mean 
temperatures of the next 35-year period pertains to regions whose 
borders can be Judged according to Chapter III. 
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Leningrad. From Fig. 98 it is clear that 35-year mean 
temperatures in January, April, May, November and December, and 
also on the average for the year, at present¡have large positive 
deviations from the perennial (for the whole‘period of observations 
in Leningrad) mean, and there are no bases to expect that in the 
following 35-year period they will be lower than this mean. 

In February, March, July, August and September it is possible 
to expect only small deviations from the perennial mean to either 
side. In June and October the 35-year mean temperatures are very 
stable; the temperature of the warmest and the coldest 35-year period 
for the whole period of observations were different only by 
0.6-0.7°, and there is no basis to consider that subsequently there 
will be any considerable deviations from the perennial average. 

Salekhard. At the present 35-year mean temperatures in January, 
April, October, November and on the average for the year are very 
high as compared to temperatures at the end of the last centruy 
(Fig. 102). Although in all the months shown except January in the 
last period there began a decrease in temperature, nevertheless, in 
the forthcoming 35-year period it is doubtful whether temperatures 
will fall lower than the perennial mean. In February and March the 
35-year temperatures in the last decades are close to the perennial 
mean. In the future it is possible to expect either values of 
temperatures close to the perennial or below them. 

In May, June, August and September the 35-year temperatures 
will, apparently, insignificantly vary near the mean perennial to 
either side, and it is possible to expect a lowering of the 
temperatures lower than the perennial in December. The stablest 
with respect to temperature by month}is July, when the temperature 
of-the warmest and the coldest 35-year periods were different by 
only 0,5°. From these limits there will not emerge, apparently, 
and the mean temperature of the next 35-year period. 

Barnaul. Figure 99 shows that almost in all months the 35-year 
mean températures have recently held at a level higher than that 
of the perennial mean, but the value of the excess of this mean and 
peculiarities of the course of the curve are unequal. In January, 
May June and on the average for the year stabilization of mean 
temperatures at a level somewhat exceeding the mean perennial is 
seen. In these months it is possible to expect with Identical 
probability both a small increase and a decrease down to the 
perennial mean and even somewhat lower than it. In March, April 
and October the positive deviation of the 35-ye&r mean from the 
perennial value is very considerable, and in these months in the 
forthcoming 35-year period temperatures, apparently, will remain 
higher than those of the perennial mean. In February, September 
and December it is possible to expect relatively small fluctuations 
on both sides with respect to the perennial mean. In July and 
August the 35-year means are very stable and will remain the same 
in the future. Temperatures of November have a unique course; at 
present the 35-year means are close to the perennial value, and there 
is base to assume that subsequently the temperatures will drop. 



From foreign stations let us analyze temperatures of Upernavik 
and New Haven. 
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Upernavik. All months of the year and the mean annual temperature 
reveal á trend toward an increase in temperatures from the beginning 
of the period of observations to its end. Especially great is 
a temperature rise in winter — from November to April and on 
the average for the year. In these months there is hardly any doubt 
that in the nearest 55-year period the means will be higher than the 
perennial mean, even in the case when lowering of temperature 
proceeds at that same rate as does its increase in the 20th Century. 
In the period from May to October in the future insignificant 
variations in temperature on both sides of the perennial mean are 
possible. 

New Haven. The course of 55-year temperatures in New Haven 
is characteristic in the respect that in all months of the year and 
on the average for the year in the 19th Century there is observed 
an increase in temperatures as compared to the second half of the 
19th Century. Earlier than this time the temperatures are held 
lower than the perennial mean or near it. An exception is 
February, where in the beginning of period of observations the 
temperatures were very high. It can be expected that in those 
months in which temperatures at present are considerably higher than 
the perennial (January, March, October, November and December), the 
temperatures will hold at a higher level than that of the perennial 
mean, and in others months variations near this mean are possible. 

The material examined permits making the consluslon concerning 
the existence in the course of the temperature of variations with 
a duration of more than 10, 55, 50 and even 80 years. The 
80-90-year (secular) cycle (revealed by certain researchers) in 
the course of different natural phenomena, and, in particular, the 
recurrence of severe winters in Europe (Easton,1 Köppen), does not 
appear in the course of the temperature (50-year moving mean). As 
can be seen from Figs. 98-IO9, in the great expanses of the Earth, 
in any case in the cold part of the year (northern hemisphere), 
according to the 55, 50 and 80-year mean, a temperature rise is 
observed. Frequently there are attempts to connect this with the 
growth of cities ("urbanization"). Undoubtedly, this plays a 
certain role in the increase in temperature, but this role is 
not considerable enough to cause the observed changes in temperature. 
Numerous investigations showed that with a correct location in a 
city of a station and with normal installation of the Instruments, 
the temperature in the city exceeds the temperature of the surrounding 
terrain by approximately 0.5-1.0°. The surplus of heat to a 
considerable extent is carried out by local circulation beyond the 
city. But, as one can see from the material given'in the present 
work, the order of observed changes in temperature is considerably 
greater. Furthermore, if the basic cause of temperature rise was 

^■This name is unverified [Trans. Ed. Note]. 
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urbanization ß then this would condition the analogous course of 
temperature in the adjacent months, which in fact is not observed. 
This shows that the influence of other factors (in the basic 
circulatory factors) exceeds the influence of the growth of 
cities. ° 

impossible to forget the fact that the greatest changes 
in temperature in many cases are basically concentrated in the high 
latitudes where large cities are very few. 

One should not assume, however, that in periods of warming 
all years are warm. It is possible to give as many examples as 
desired of great contrasts of temperatures in adjacent years. For 
example, in January in Leningrad, there was observed the following 
mean temperatures : 

Ye£r IJP* W» IKS IMO 1919 l!M0 tWIi 1961 1961 1965 
I» -0,5 -12.9 —10,3 -0,9 -2,2 -13.9 -3.2 -12.9 -5,3 -M.9 

But the period of warming differs by a predominance of warm 
>unters. The level of temperatures in cold winters in the period 
of warming was higher than that in the preceding century: thus in the 
coldest Januarys of this century in ±942 and 1966 the mean tempera- 

wa?o"£o 7 respectively, and in I809, 1814, I86I and 
1862, -i8.6 j -21.4°; -17.5° and -17.3 . An analogous picture is 
observed in February and December, i.e., in all the winter months. 

In conclusion one should note that during the last 20-25 years 
the investigation of the problem of the change in climate, in which 
scientists of a number of countries have been engated, has made 
considerable progress. But there is still much work ahead for the 
complete opening of the physical causes and mechanism of the 
relationship Sun — atmosphere — ocean — climate, since only in this 
case is it possible to look forward in giving a sufficiently 
founded superlong-term forecast of the change in climate. 
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APPENDEX 

LIST AND MAP OF METEOROLOGICAL STATIONS WHOSE DATA 
ARE USED IN THE WORK 

List of Meteorological Stations 

North of 80° N. Lat. 
£: 

1. Bukhta Tikhaya 

8O-7O N. Lat. 

2. 
3. 
4. 
5. 
6. 
I 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
ïl: 
19. 

Barrow 
Arctic Bay 
Upernavik 
Myggbukhta 
Jan Mayen 
Barentsburg 
Varde 
Malyye Karmakuly 
Vaygach 
Mys Zhelaniya 
Dikson . 
Uyedineniya Island 
Khatanga 
Mys Chelyuskin 
Kyusyur 
Katel'nyy 
Chetyrekhstobovoy Island 
Wrangel Island 

7O-6O N. Lat. 

20. 
21. 
22. 
23. 
24. 
25. 
26. 

Nome 
Bethel 
Tananà 
Fairbanks 
Valdez 
Fort Yukon 
Dawson 

Aklavik 
Fort Good Hope 

29. Hay River 
JO. Chesterfied 
31. Resolution 
32. Gothob 
33. Jakbskhavn 
34. Ivigtut 
35. Angmagsalik 
36. Stikkisholmur 
37. Grims Ey 
38. Torshavn 
39. Trondheim 
40. Skomver 
41. Haparanda 
42. Kola 
43. Kem' 
44. Arkhangel1sk 
45. Troitsko-Pechorsk 
46. Salekhard 
47. Surgut 
48. Tarko Sale 
49. Turukhansk 
50. Tura 
51. Olekminsk 
52. Vilyuysk 
53. Zhigansk 
54. Yakutsk 
55. Verkhoyansk 
56. Oymyakon 
57. Sre dnekolym sk 
58. Markov 
59• Anadyr1 
60. Uelen 
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61. 
62. 
65. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
75. 
7^. 
75. 
76. 

7k 7¡ 
79. 
80. 
81. 
82. 
85. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
95. 
94. 
95. 
96. 

98. 
99. 

100. 
101. 
102. 
105. 
104. 
105. 
106. 
107. 
108. 
XQ9. 
110. 
111. 

60-50 N. Lat. 

Dutch Harbor 
Kodiak 
Sitka 
Masset 
Barkerville 
Edmonton 
Prince Albert 
Ou* Appel 
Churchill 
Fort Hope 
Mussonee 
Valencia 
Edinburgh 
Greenwich 
Utrecht 
Dublin 
Mandai 
Oslo 
Copenhagen 
Berlin 
Uppsala 
Riga 
Vilnius 
Minsk 
Leningrad 
Kiev 
Bogoroditskoye-Fenino 
Moscow 
Tot*ma 
Oktyabri»skiy Gorodok 
Kazan 
Kirov 
Orenburg 
Sverdlovsk 
Tobol'sk 
Barnaul ‘ 
Tomsk 
Yenisesk 
Irkutsk 
Kirensk 
Nerchinskiy Zavod 
Blagobeshchensk 
Bomnak 
Ayan 
Nikolayevsk na Amure 
Aleksandrovsk on Sakhalin 
island... 
Okhotsk 
Ust'-Khayryuzovo 
Petropävlovsk-Kamchatskly 
'Kiÿchi : .7/:.: 
Nikol1skoye 
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112. 
115. 
114. 
115. 
116. 
11' 

11! 
119. 
120. 
121. 
122. 
125. 
124. 
125. 
126. 
127. 
128. 
129. 
150. 
151. 
152. 
155. 
154. 
155. 
156. 
157. 
158. 
159. 
140. 
141. 
142. 
145. 
144. 
145. 
146. 
147. 
148. 
149. 
150. 
151. 
152. 
155. 
154. 
155. 
156. 

157. 
158. 
159. 
160. 

50-40 N. Lat 

Victoria 
Winnemucca 
Boise 
Sheridan 
Winnipeg 
Omaha 
Marquette 
White River 
Toronto 
New York 
Montreal 
New Haven 
Blue Hill 
Eastport 
Anticosti Island 
Charlottetown 
Sable 
Saint Johns 
Madrid 
Nant 
Paris 
Marseille 
Rome 
Vienna 
Zagreb 
Belgrade 
Sofia 
Sulina 
Odessa 
Nikolayev 
Sevastopol1 
Samsun 
Lugansk 
Poti 
Pyatigorsk 
Tbilisi 
Baku 
Fort Shevchenko 
Krasnovodsk 
Kazalinsk 
Kzyl Orda 
Tashkent 
Alma Ata 
Vladivostok 
Nemuro 

40-50 N. Lat. 

Los Angeles 
San Diego 
Yuma 
El Pass 

-is 
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161. 
162. 
163. 
164. 
165. 
166. 
167. 
168. 
169. 
170. 
171. 
172. 
173. 
174. 
175. 
176. 
I.77 
178 178. 
3-79. 
ISO. 
181. 
182. 
183. 
184. 
185. 
186. 
187. 

188. 
189. 
190. 
191. 
192. 
193. 
194. 
195. 
196. 
197. 
198. 
199. 
200. 
201. 
202,, 
203. 

204. 
205. 

.206.( 

209. 

Amarillo 
Ashville 
Charleston 
Hatteras 
Saint George 
Ponta Delgada 
Funchal 
Lisbon 
Casablanca 
Gibraltar 
Palma 
El'Golea 
Biskra 
Alexandria 
Nicosia 
Beirut 
Bayram Ali 
Quetta 
Lahore 
Hank'ou 
Tientsin 
Shanghai 
Nagasaki 
Kagoslma 
Sakai 
Kyoto 
Niigata 

30-20 N. Lat. 

Mazatlan 
Monterey 
New Orleans 5 
Merida 
Key West 
Aoulef 
Helwân 
Aswan 
Bushehr 
Allahabad 
Calcutta 
Chünhsien 
Hong Kong 
Tainan 
Tayoki 
Honolulu 

20-10u N. Lat. 

Mexico, City 
Port Au Prince 
Caracas 
San Juan 
Trinidad 
Kano 

msmiiwfiwuít 

210. Khartoum 
211. Aden 
212. Bombay 
213. Madras 
214. Port Blair 

10-0W N. Lat 

215. 
216. 
217. 
218. 
219. 
220. 
221. 
222. 

Georgetown 
Freetown 
Akkra 
Logos 
Bangui 
Wau 
Entebbe 
Colombo 

0-10u S. Lat. 

223. 
224. 

225. 
226. 
227. 
228. 
229. 
230. 
231. 
232. 

Quixeramobim 
Ascension (Ascension 
Island ) 
Port Gentil 
Pointe Noire 
Luanda 
Nairobi 
Port Victoria 
Jakarta 
Moreby 
Funafuti 

10-20 S. Lat. 

233. 
234. 
235. 
236. 
237. 
238. 
239. 
240. 
241. 
242. 
243. 

Lima 
Corumbá 
Salvador 
Maun 
Salisbury 
Beira 
Tananarive 
Darwin 
Papeete 
Suva 
Apia 

2O-3O S. Lat 

244. 
245. 
246. 
247. 
248. 
249. 
250. 
251. 

La Quiaca 
Goya 
Rio de Janeiro 
Windhoek 
Kimberley 
Bulavayo 
Durban 
Onslow 
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252. Alice Springs 
253. Brisbane. 
254. Nouméa 
255. Raoul 
256. Rarotonga 

50-40° S. Lat. 

257. Juan Fernandes 
258. Santiago 
259. Cordoya 
260. Buenos.Aires 
261. Mar del,Plata 
262. Capetown 
265. Perth 
264. Adelaide 
265. Sitka 

266. Auckland 

40-50° S. Lat. 

267. Sarmiento 
268. Hobart 
269. Dunedin 
270. Wellington 
271. Chatham Island 

50-60° S. Lat. 

272. Punta Arenas 
273. Gritviken1 
274. Campbell 

60-70° S. Lat. 

275. Oreadas 

note]. 
^•This station (near South Georgia) is unverified [Trans. Ed 
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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM 

Block 
A * 
B 
B 
r 
fl 
E 
3K 
3 
H 
fi 
K 
n 
M 
H 
0 
n 

6 
■ 

r 
X 

» 

N 
ft 
X 
A 
N 
H 
0 
n 

C 
T 
y 

Italic Transliteration Block 
A a A, & p p 

B, b c e 
V, V T t 
G, g y y 
D) d 4> ÿ 
Ye, ye; E, e* x x 
Zh, zh u u u 
z, z h ï y 
i, i m m m 
Y, y Ul m 
K, k "b % h 
L, 1 U u il 
M, 0) b k b 
N, n 8*3 

O o ot o K> » JO 
* P, p H* Jf 

S 
B 
r 
n 
B 
M 
3 
M 
Ñ 
K 
n 
M 
H 

6 
a 
t 
3 
» 
M 
» 
H 
S 
K 
a 
M 
N 

Italie 
* P 

e 
m 
y 

« t 
X x 

¥ 
Y 
W 
«¥ 
* 
y 
a 
» 
« 
A 

Transliteration 
R, r 
S, s 
T, t 
U, u 
F, f 
Kh, kh 
Ts, t» 
Ch, ch 
Sh, ah 
Shch, sheh 
n 

y, y i 
E, e 
Yu, yu 
Ya, ya 

■e initially, after vowels, and after bj e elsewhere. 
Ren written as B in Russian, transliterate ãs yë or ë. 
The use of diacritical narks is preferred, but such marks 
may be omitted when expediency dictates. 
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