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ANMUAL FLUCTUATIONS OF HYDROLOGICAL CHARACTERISTICS QF THE
RALTIC, BARBNTS AND ZASPTAN SEAS AND THE SOLAR ACTIVITY

The twenties and the beginning of thirties ol the present century mark changes

in the annual march ot atm-~spheric circulation over the Atlantic-Eurasian sector
of the Northern Hemisphere c10, 1€i1. These changes have not a regional but e
wider charact~r., As has now been .stebliched, large-scale ciimstological

changes began as long ago as the end of the nineteenth century and they embraced
the entire globe. The changes of atmospheric circulation over Burope caused
gubstantial changes of hydrological :onditions in the Caspian, Barents and Baltic

Seas:

The solar acziQity is the main cause of the occurring metamorphoses and intensi-
ty of atmospheric circulation c4, 9, 10, 193. It is a complex cyclic phenomenon.
In adZition to the well-prorcunced cyclic fluctuation within a period of 11 years,
tne soliar activity 1s characterized by cyclic fluctuations having aifferent
pericds - shorter (5 to & years, for instance) ms well as longer, which are

reciprocally superimposed over one another.

Among the cyclie fluctuations with long periods, a nearly secular‘cyclg (80 to
90 years) of solar activity, which was detected by M. S. Eygenson €193, should
be pointed out. He considered that the profound changes of climate occurring
in the twentieth century, the warming of the Arctic for instance, are the conse-

quences >f the current senular cyeie of sclar activity.
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1. V. Makeimov ci2z explains the secular fluctuations of iciness in the North
Atlantic Qcean, the continental character of climate in Europe, the mean Caspian
Sea level and other hydrometeorological phenomena by superimposure of two
cyclic fluctuetions having a large period: 80 years, caused by secular changes
of solar activity, and 250 years, associated with the period of changes in the

spee¢ of earth's rotation.

Of greet interest are the investigations conducted by A. A. Girs cl0> relative
to the connection between solar activity and atmospheriec circulation. These
investigations introduce a substantial refinement into the law cf the Maccentu-
ation of baric field" which was formulated by E, E, Fedorov and V. Yu. Vize.

The essence of the law is that an increase of solar activity leads to a

sharpening of baric relief, ir connection with which the baric gradients increase

and atmospheric circulation is intensified. According to the authors, the solar

activity does not influence the type of circulation.

Subsequent investigations conducted by L. A. Vitel's ¢93 and N. A. Belinskiy
t43, who deal with the same problem of reciprocity between solar activity and
atmospheric circulation on the basis of cyclc-anticyclonic activity, contain
very important results confirming once again the effect of solar activity on

the intensity of atmospheric circulation.

According tc the investigations by A. A. Girs t£lOa and later by N. I. Tyabin
tl63, the solar activity determines not only the intensity but also the type of
atmospheric circulation, which depends on the secular march of solar activity.

Thus, for instance, it follows from the mentioned study by 4. A. Giirs, which

/4
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deals wit. G. Ya. Vangengeim's t61 indexes of atmospheric circulation, that
during the periods that are marked by attenuation of solar activity the processe
of western type (f atmospheric circulation become anomely developed in the
atmosphere, whereas during the perlods that are marked by intensification of
solar activity the processes of eastern and meridional circulation become anomaly
developed. The mentioned relationship is of great prognostic significance not
only for the extended long-term forecasting of atmospheric circulation but also
for hydrological forecasts because the anomaly sign in the fluctuations of
hydrological elements (water temperature, iciness, etc.) depends on the type of

circulation.

The secular fluctuations of solar activity, which are of great geophysical

significance, are presented in figure 1.

In plotting the graph characterizing the solar activity, the annual deviations
from the standard Wolf numbers, W, were utllized. At our disposal are suf-
ficiently dependable data on the indexes which have been averaged on the basis
of the sliding ll-year periods since 1749. This means that after thz ennual
deviations from the standard had been determined, the sliding averages bs 11-
year periods were computed, but then, on the basis of the data the integral

sums were found and the integral curve was plotted.

The average values based on sliding ll-year periods were calculated with a
view to eliminating the effect of the ll-year cycle of solar activity and to

obtaining the secular march of Wolf numbers in a more or less pure form. The
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presentation by means of integral curve is convenient for the reason that 1t
expresses the general trend in the development of the process for a lengthy /5
time period. The trend is expressed by the direction of the curve. The

dovmward and upward directlons indicate the anomalous develiopment of the process

LW 1785

966
=

Fig. 1. 1Integral curve of annual deviations from the
standard (averaged on the basis of sliding
1l-year periods) Wolf numbers, W.

1 — observed; 2 — forecast.

in the respective time periods. In the first instance, the anomaly indicates
attenuation, but in the second instance, intensification of the process>in
relation to the standard value; the horizontal direction of the curve refiects
its normal intensity. The integral curve, W, has been plotted for & pericd
from 1749 to 195¢ ond continvzd (dashed line) to 19753 for the plotting we

used the data of long term forecasts of solar activity which had itcen prepaved
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by the Physics Division of the Pulkovo Astronomical Observatory.

~

The secular cycle ol solar activity is cxpressed very clearly. Two complete
gecular ncycles with a period of 77 years have been determined during the
menticned period. The numbers at the maximums of the curve correspond to the

regpective mean year {see fig. 1).

Hydrological Conditions in the Baluic Sea

The annual temperature and salinity fluctuations in the Baltic Sea water, as
well as the water exchange through Danish Straits cl4, 153, are considerable and
have a cyclic character. The period embracing for instance the recent quarter
of the ceﬁtury is typical, first of all, by a general rise of the sea water,
salinity and témperature (of the bottom layers), as well as by considerable
variations in the water exchange through Danish Straits, which create substantial
changes in the blology of the sea; this, incidentally, has furthered a consider-
able increase in catches of certain species of fish. In connéétion with long
range planning of the development of fisheries i the Baltic Sea it is important
to know whether the indicated trend is lasting or the current cycle of conditions

that had began in the thirties will be terminated in the immediate future.

In the twenties of this century the water salinity in the central part of the
sea and in the Gulf of Finland decreased, but at the beginning of the thirties
a iengthy cycle of general increase in the salinity of the sea began. Certain
quantitative characterization of the process is’ presented oy the follewiug

.able:
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VARIATION OF SALINITY IN THE BALTIC SEA

Salinity
Area . Years ;i S, °/co

|
]

North Coast of the Gulf of Finland 1930 5.38
(from Soderskér to Bengtskédr) 1953 6.72
Gottland Depression { 1933 11.37
{laye.: from 150 to 225 M) 1353 13.32
Bornholm Depression 1930 14.90
{horizon - 90 M) 1953 15.09

In order to determine the main causes for the general increase in the salinity

of the Baltic Sea, which bepan at the beginning of the thirties, it is necessary

tc examine annual fluctuations in the water exchange through Danish Straits cl5:z.
Since the end of twenties, the water outflow from the Balti: steadily decreased.

In the thirties, also a decrease of another component of water exchange -- /6
namely, the water influx irnto the Baltic Sea -~ occurred; this decrease was,

however, less intense in comparison with the attenuation of water outflow from

the sea. Such trend of the two components was caused by a decrease in the

resultant water exchange through the straits.

The immediate cause for the decrease of water outflow from the Baltic Sea in

the thirties is the diminishing of river influx, which has led to & lowering of
sea level and a diminishing difference between the sea levels of the Balii. and
North Seas. The decrease of river influx in the Baltic Sea Basin in the thirties

was, in turn, caused by considerable changes in the character of atmospheric
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circulation - namely, by the weakening of cyclonic ectivity and intensification

of anticyclonic regime over the territory of Eurcpe.

An illustrative characterization of the occurring changes in the forms of
atmospheric circulation in Europe during the menﬁioned time period is presented
in figure 2. 1In it one can see the integral curve of deviations from the
standards of the circulation index, according to Vangengeim, which expresses
the recurrence of the number of days characterized by the forms of western
transport. 8ince the thirties, the curve slopes abruptly and steadily, which

indicates a general weakening of cyclonic activity in Europe. Thus, the water
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Fig. 2. Integral curves of annual deviations from the
standard number of days with western circulation, 3, and
the number of deep cyclones, J, over Europe (4~th area
of the synoptic catalogue).

Key. Abscissa: years
Ordinate: integral sums
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and salinity exchange through the siraits is associated with the intensity

and character of atmospheric circulation in Europe.
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Fig. 3. Annual fluctuations of salinity

exchange through Danish Straits and of salinity

in the Gulf of Finland.

1 - quantity of salt exchange in millions of

tons; 2 -~ water salinity at Tammio (layer from

0 to 20 M); 3 - water salinity of the Gulf of

Finland (layer from O to 30 M}.

Key. Abscissa: years

Ordinate: salinity exchange, 10° tons

The indicated trend in the water and salinity exchenge through the Danish
Straits could not be without effect on the salinity regime of the Baltic Sea
during the mentioned period, which is pointed out also by K. Wyrtki €213, 1In

order to have an idea of the connection, the superimposed graphs depicting the
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: Htding mean anncial macnitudes based on three-year periods of salinity exchange
*hrough the stralts and the water salinity in the Gulf of Finland are presented
tn Tigure 3. The svaphs show that the decrease of salinity exchange through
the Danish Straits in the thirties corresponds to a general increase of water

sait ity in the Gulf of Finland and, consedquently, in the Baltic Sea.

“renuse the water and salinity exchange occurring through the Danish Straits is

assiated with atmospheric clirculation, the increase of salinity in the Baltic
57a wus ultimately determined by the intensification of anticyclonic activity
ovai Burope; this led to a decrease of continental runoff and of differences in
see levels between the Baltic and North Seas, which, in turn, caused a decrease
of water and salinity exchange through the Danish Straits. A diminished sealinity
exchange means é decreasir; intensity of the outflow of salts from the sea,

thzir accumulation in it sari, as a result of the whole process, salinification

of the sea.

The gereral level of salinity in the Baltic Sea is also determined by the
immediete and dircct effert of continental runoff which 1s expressed by =
greater or smaller degres of dilution of sea water in connection with the rather
grea’, annual fluctuations of river discharge. After 1930, as a result of great
diminishing of river discharres, a substantial attenuation of its dilutive
action tnck place, whirh als. contributed to the increase of salinity in the

sea 14, Z1:.

Further, e a recult of the development of anticyclonic activity during the

thirties end tir cubhseguent yoears, Lhe intensity of the deep compensatory carrent
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in Kattegat and the Danish Straits, which feeds the Baltic Sea with a water of
high salinity, increased. The general link between the deep current and the
type of atmospheric circulation was clearly demonstrated by R. Kendler c20a.
It is during the anticyclonic regime, which is usually marked by weak activity
of winds, that the development of the deep compensatory current ir the strailts

between the Baltic and North Seas is most pronounced.

The general rise of salinity in the bottom iayer over the Darser Rfdge cli4, 209
from 1927 to 1929 is an indirect indicator of increase in the infensity of the
deep compensatory current. When examining the annual fluctuation:z of salinity
in the layer, one can see that the period from 1927 to 1929 characterizes a
break in the general trend. Since then, a general increase of salinity in the
bottom layer ovér the Darser Ridge began, which is indicated by increase of

intensity of the deep compensatory current.

Thue, slso the deep current contributed to the increase of salinity in the sea
after 1930, but this factor is of smeller significance than the saiinity ex-
change and the continentai runoff. Such a conclusion can be substantiate ! iv
the fact that the area crossed by the deep current passing acrors the D

Ridge occupies nct more vhan 0.09 km? and it is insignificant.

Summing up the discussion, it can be concluded that the general salinification
of the sea, which has occurred since 1930, is dvs to the fcllowing factorss

weakening of water and salinity exchange through the Danish Straits, decr.o oo
of continental runoff in the Baltic Sea Basin and intencilication of the Jdoep

current in Kattegat and Danish Straits. Tt 1s of essential siymificance that
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*he three factors are interrelated, have a similar effect on the salinity regime
o the sea and are the consequences of a durable development of antiryclonic
s~tivity over Europs, which was beginning at the end of the twenties and the

start of the thirties.

During the years, one more factor acted in this direction: aegainst the back-
ground of general attenuation of water oxchange; the cases of a very lntense
influx of the saline Kattegat waters into the Baltic Sea recurred comparatively
more frequently, which were caused by the impact of westerly storm winds. On
the basis of investigations concerning the annual fluctuations of sslinity in
the mgin depressions of the Baltic Sea cli3 it was established that & voluminous
influx of Kattegat waters had occurred in 1934, 1938, 1948 and 195z2. The
relative uniforﬁity and a not too infrequent recurrence of voluminous ianflow of
saline waters are, evidently, associated with increasing recurrence of deep
cyclones over Europe and, consequently, with the storm vinds affecting the water
exchange through the straits c¢l53 - all of which takes place Against the back-

ground of general attenuation of cyclonic activity.

The increasing occurrence of deep cyclones paralleled with the attenuation of
cyclonic activity after the thirties is illustrated by a graph, B, in figure 4.
The graph has been plotted on the basis of data presented by L. A. Vitel's and
1t represents an integral curve of annual deviations from the stardard number
of deep cyclones (pressure in the center 990 mb and less) over Europe to the
north of lat. 55° (4th area of the synoptic catalngue prepared by Vitel's).

The curve shows the period from 1900 tc 1956.

e




1./7

TRANS-142

w W
~60 4
- 100 w
-uot 54
- o }¢ s

l;lJllll
[ S ® = o
R EER R
Il T 72 -t ~Hf]
T EEEEEN SEE
T EYE LR EIEZIZ‘S
& N L
S ¥ I8 SR

Fig. 4. Integral curves of annual deviations from the standard
Wolf number, W (averaged on the basis of siiding decades), of
salinity, S °/oo0, at Helsinki, of differences, AH, between the
Baltic Sea level (Hanko; Swedish name Hango) and Kattegat sea
level (Warburg), of water exchange through Danish Straits, Q,
and the number of deep cyclones over Europe, J.

Key. Vertical line, left: integral sums.
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Simultaneously with the variation of salinity and water exchange, substantial
fluctuatious of water temperature in the Baltic Sea have taken place. In the
surface layer, a general rise of water temperature has been observed from the
end of the twenties almost to the end of the thirtiles, which was in complete
agreement with the general rise of water temperature. 1In the deep layers of
the sea, the trend of temperature rise required a longer time period and it
was atill observed ir the early fifties, i.e. when the salinity of water

increased in the layers.,

/3
The warming of bottom iayers is also explained by a more frejuent recurrence
of voluminous influx of Kattegat waters into the Faltic Sea against the back-

ground of general weskening of water exchange through the straits.

It can be seen from tne discussion that the annual fluctuations of water
salinity end temperature (in bottom layers) of the Baltic Sea and, in particu~
lar, the observed trend of their growth during the recent quarter of the
century, are closely linked with annual fluctuations of water exchsnge through
Danish Straits and the continental runoff but, if we widen our outlook, the
association can be extended to the lengthy and large scale processes of atmos-

pheric circulation over Europe.

According to the latest research conducted by A. A. Girs, the durable anomalies
of various types of atmospheric circulation formulated by Vangengeim are a
result of the secular variation of solar activity; this means that there is a
relationship between the annual fluctuations of hydrological regime in the

Baltic Sea and the Becular variation of solar activity. This assumption was
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varified by comparing the integral curves characterizing the deviation from

the standard Wolf numbers with analogous curves characterizing some of the
hydrological aspects of the Baltic Sea. 1In figure 4, a, one can see the integral
curves of the following elements: Wolf numbers, W; salinity, S, based on water
surface observations at Helsinki; water exchange, Q, through Danish Straits and
differences between water levels, AH, of the Baltic Sea (Hanko; Swedish name

Hangd') and Kattegat (Warburg).

The integral curves, Wy and Wy, pertain to the current secular cycle (1870 to
1955) and to the first secular cycle (1749 to 1883), respectively; they have
been obtained from the general integral curve plotted for the entire period of
observations on sunspots {1749 to 1956). Although both of the curves pertain to
varlous secular cycles, they are united by having the same type of anabatic
branches as well as by corresponding to very high secular maximums of solar
activity. The mentioned curves are superposed in figure 4, a, so that their

maximums coincide.

The integral salinity curve, S, has been plotted for a nearly 50 year period
(from 1905 to 1952). For the integral curve of water exchange, Q, the series
from 1898 to 1944 have been used, but for the 4H curve, the series from 1891

to 1949.

In figure 4, d, are superposed the integral curves, W and S, for a similar time
period. Naturally, in this case the overall pattern of connecticns between the
elements will be truer because the conditions of comparison have lLeon mere

accuretely accounted for.
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The comparison ~f wne four integral curves of various hydrological aspeacts,
which are presented in figure 4, has led to very interesting r«sults. During
the period marked by n secular attenuation of solar activity (downward slope of
integral curve), the diiference between the water levels of the Baltic Sea &nd
Kattegav (fall of sea level) is above the usual. The same trend is observed in
water exchange. As for the salinity of the sea, it, in conirast to the first
two hydrological aspects, chows a well pronounced trend of & general attenuation
during this part of the secular cycle, i.e. the dilution of the sea. During

the period marked by intensification of solar activity, the pattern of anomalous
state of sea level, water exchange and salinity assumes & character that is in
direct contrast to the former. This indicates a trend toward increase in

salinity, i.e. toward the ralinification of the sea.

Thus, the integral curves illustrate the reciprocal connection and tie of annual
fluctuations in water level differences, 4 H, between the Baltic Sea and Kattegat,
of water exchange, Q, through Danish Straits and of salinity, S, in the Beltic
Sea. It should, however, be noted that the connection is materialized by meuns
of atmospheric circulstion which appears to be an internediate link in the
process. In the light of the discussion, the scheme of interaction among various
factors can be presented as follows. The secular variation f solar activity
determines directly the lengthy anomalies in the development of atmospheric
circulation forms o.-»r Europe, which in turn exernise influence on hydrologicsai

conditions in the Ba tic Sea.
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The disclosed general correlation in the secular march of integral curves

characterizing the solar activity and in a number of interrelated nydrolcgical
aspects of the Baltic Sea enables us Yo formulate & suffi- i-ntly substantiated
agsumption on the probable trend in the development of nhy4:iicgical conditions

in the Baltic Sea for many years ahead.

The current secular cycle of solar activity is characterized, s con be seen
from figure 4, a, by the anabatic branch of integral curve, W. 1. sirer woris,
the present period of the secular cycle is characterized by int::ified sclar
activity in comparison with its standard vulve. Acccrding ¢ 2 1o term fore-
cast, the analogous trend of solar a-tivity will continue tr the besirning of

the sixties.

On the basis of thi:, and of the idortity in the secular marer of inteprei
curves characterizing the solar activity and surface water salinity ir ' e
Baltic Sea, it should 5 assumed that the cycle of a general rise in the weter
salinity of the Balti 5cu, which had bteyan s quarter of a ~oniury agou, wi'l
probably cease at th.:: b .-inning of the cixties. By this time, the valuo

water salinity should - about its standard megnitude.

It is necessary 'o ' that the forccast of the prebable annusl developun @t of

salirity in the surf«-: inyer of the Raltic Cea accounts for the effecte
such factors as the -+« iitant water exchange through Denish St-nits, t)
continental runoff a:: o tonsity of the decp compensatory srent. How
besides this, very ', . :-vial annual changes in the salinits of the con

the “emperature of ' . .tom waters oceur. as was pointei oot above, ao-ir -t
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intervals marked by the influx of th> more salty Kattegat water.

In crder to form an idea on the future trend in the devclopment of the factor,
it is necessary to examine the problem on the relationship between the solar
activity, W, an: the recurrence of deep cycloneé, J, over Europe, insofar as
they determine the probability of a voluminous water influx through Danish
Straits and, consequently, the contribution of the factor to changes occurring

in the hydrolcgical conditions in the Baltic Sea.

The relationship between the two mentioned factors is characterized in figure 4,
4, where the graphs of integral curves presenting the annual deviations from
the standard values of deep cyclones over Europe (to the north of parallel 550)
and of Wolf numbers are superposed. Their plotting does not differ from the
analogous rcurves presented in figure 4, a. As to the time, the curves pertain
to a period from 1900 to 1956. A rather great similarity between the integral

curves, W and J, is indicated by the fact that during the period marked by a

secular attenuation of solar activity one must expect a decrease in the recurrence

of (with regard to the standard value) deep cyclones in the given srea, whereas
during the period marked by a secular intensification of solar activity one must

expect an increase in the recurrence.

This conclusion corresponds to the results obtained earlier by L. A. Vitel's
c97 who made s detailed investigation of the relationship between solur activity
and the 1ntensity of atmospheric circulation in individual areas and in the

rntire neturai synoptic region of Europe.
ynop € p
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Thus, a simple relationship exlsts between W and J; in addition, sn crt.nded
long term forecast of W is known, which is presented in figure 4, a, by a
dashed line that is a continuation of the intepral curve of solar activity and /11

its anabatic branch of the current secular cycle.

It is evident that the integral curve, J, must continue to go up to the beginning
of sixties, i1.e. the frequency of deep cycles over EBurope will probably be above
the standard value up to the mentioned time. ©Such an assumption is linked with
the probable trend in the recurrence of voluminous influxes of Kattegat waters
and, therefore, the possible effect of the latter factor on hydrological con-
ditlons of the Baltic Sea, i.e. on its water salinity and temperature of bottom
layers, must be expressed in the presentation of the existing anomaly in its
magnitude duriﬁg‘the years-immediately ahead. Thus, further on, the action of
the given factor coincides with the action of the factors determined by the
resultant water exchange, continental runoff and intensity of the deep current;
therefore there is a reason for leaving unchanged the long terh forecast for

salinity of the Baltic Sea, which was discussed above.

Iciness of the Barents Sea

V. Yu. Vize was one of those who had investigated the relationship between the
jciness of the Barents Sea and the solar activity ct83. Demonstrating such a
relationship, he found that its sign was not constant. Thus, from 1896 to 1912
the relationship was inversed, from 1913 to 193? it was direct, then again the
reversal of the sign had taken place. According to V. Yu. Vize, "the constancy

of the sign of relationship between the number of sunspots and hydrologicsl
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elements in temperate and high latitudes can be explained by the fact that the
fluctuations of solar activity affect the intensity of atmospueric circulation
but not its type", 1in other words, by the accentuation law of baric fileld. At
the present time, however, a substantial correction relative to the nature of
the relationship between solar activity and the types of atmospheric circulation

need be introduced intc the concept of the law.

Further, the following basic assumptions were introduced when the problem wes
being discussed: 1) there exists an obvious relationship between the secular
variation of solar activity and the type of atmospheric circulation and 2) the
iciness of the Barents Sea and its long term variations depend on the baric
regime c71 or, more specifically, on the type of atmospheric circulation. Both
of the assumptions combined lead to the logical conclusion that, ultimately, the
cause of secular fluctuations of iciness in the Barents Sea are the secular

fluctuations of solar activity.

In order to verify the mention.d éssumption, the secular march of solar activity
must be compared with the 1ciness of the Barents Sea. Such a comparison has
been made with the aid of integral curves which, owing to the method of their
plotting that is based on the sliding mean 11 year magnitudes, show the secular
characteristics of the elements compared. The integral curves of the mean
fciness in the May-June period, Sice(V-VI) and the mean value of solar activity

in the November-March period, wXI-IIII are presented in figure 5 (unbroken curves).

l'l'hr_- preriod chosen for W i8 based on the fact that 1n spring the iciness is
determined by meteorological conditions in the preceding cold time period.



TRANS- 142 20/11

The Wolf numbers for November and December pertain to the nreceding year. The
characterization of iciness, Sice’ was based on the area orcupled by ice and
rxpressed in percentages with respect to the entire sea area. The integral

curves for Sice and W were based on data nbtained in the period of 1900-1354.

For the sake of comparison, there is another pair of curves {(dotted lines) in
the figure. The calculation of the latter was based on the mean W values for
the year but the calculation of S;ce on the values for the April-August period.
As can be seen, both variations of the corresponding curves are of the same
type, which indicates that the secular march of solar activity snd iciness in

the Barents Sea 1s uniform and well pronounced.

It appeared that during the periods that were marked by attenuating secular
activity of the sun the iciness of the Barents Sea was abnve the standard value
(increased) but during the perilods marked by intensified activity of the sun it

was below the standard value (decreased).

In order to obtain a calculative relationship between the same elements, speclal
graphs were plotted; on their horizontal axis the Wolf numbers, Wyy_i1p» averaged
on the basis of sliding 11 year periods, were laid off but on vertical axis the
anelogous magnitudes of iclness, Sice(V—VI)‘ Special graphs were plaited Tor
synchronous relationships and for relationships characte-ized by a displacement
of iciness relative to the solar activity by 1, 2, 3 and 4 years. The relation-
ships were expressed by curves; the closest of them pertains to a displacement

hy 2 years (fig. 6}, This relationship is expressed npproximately by the
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following equations:
’ - It " y
Sice (V-VI) ~ X;—III +0.18 W + .5, (1)

where Sice(V-VI) end Wy; 111 have the same meanings as hefore.

Two curves are presented in figure 6. When drawing one ot them (the heavy one),
the writer kept in mind the gravitational centers of the & groups into which
the entire field of the points marking the reiationship was divided. The other
curve (the thin one) corresponds to the equation shown above. By using the
relationship (the heavy line in fig. 6), we calculated the secular march of
iciness during the whole period of observations and further to the 11 year
period from 13965 to 1975; the calculation was bascd on the extended long term
forecasting of solar activity. The calculated datn have been compared with
analogous magnitudes based on obs.rvations. A completely satisfactory agree-
ment between the results was chtained. This indienles that the existing trend
of & decreased secular iciness of the Barents Sea will be preserved to the
middle of the sixties after which a general rise of the secular iciness in the

sea muct begin.

In order to chararterice cbe wxtreme values of iciness in various periods of
its secular mar- - * arnunl Clnctuations was superposed over the
graph of seculs- . * feiness, It was established that the secular
march lg cleariy =2 - © vly in the averapged data mt also in the extreme
mapnitudes of t~dlress 0 ToLe . in the period charncterized by a dimlniched

secular lciness, to rowrtent values for individual very severe years (1942 for
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instance) were considerably (to 20 ©/o) smaller than the values of icinese in

analogous years occurring in a period characterized by an increased iciness of

the sea (1917 for instance).

The same can be said about the exceptional years

characterized by a small degree of iciness. In connection with the discussion,

the general intensification of secular iciness, which has been forecast for the

sixties, will alsc mark an increase of its extreme values in very severe and

very mild winters.

In addition to the integral curves of
iciness and solar activity, an integral
curve characterlizing the frequency of
the number of days marked by the western
form of circulation (dotted line) is
presented in figure 5. The curve has
been plotted in exactly the same way as
the other curvee shown in figure 5 and
therefore it characterizes tbe secular
variations of the frequency of western
form of circulation. The overall
connection between the integral

curves, 3 and Sice’ is obvious: the

secular iciness of the Barents Sea is

dire
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Fig. 6. Graph showing the relation-
ship between the mean sliding (by 11
year periods) values of Wolf numbers,
W, and the iciness of the Barents Sea,
Sice (Sice 18 displaced relative to
Wby 2 years).

l-on the basis of gravitational centers
of the 6 groups of points marking the

relationship; 2-on the basis of
equation (1?.

intensified during the period marked by an anomalous secular development of the

western form of circulation and attenuated during the period marked by an
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anomalous weakening of the latter.

The substance of the given relationship ie determined by the following. The
interlatitudinal air exchange abates during the western circulation in connection
with zonal displacement of Icelandic cyclones over northern Europe tlOa. Owing
to this, the negative radiational balance in northern latitudes is not compen-
sated by heat advection. As a result, m negative air temperature anomaly is
observed in circumpolar areas, which leads to a higher degree of iciness. During
the perlod marked by & secular abatement of the western type of circulation, the
recurrence of the eastern type becomes more frequent because the two forms of
circulation are interlinked, having a mirror-like march c¢10;. But at the eastern
type of circulation, the cyglones,moving from the Icelandic low and circumventing
the Buropean anticyclone, ere displaced into the northern latitudes of the Barents
Sea, thus causing attenuation of iciness in the area. Consequently, in the
development of the eastern type of circulation or, correspondingly, in the abatg-
ment of recurrence of the western type of circulation, the iciness of the Barents

Sea must be diminished as to the secular relationship.

Our aim in this case 18 not to obtain quantitative relationships between atmos-
pheric circulation and iciness. The qualitative characteristics mentioned above
are sufficient for explaining the overall character of relationship between
secnlar fluctuations of solar activity and iciness of the BRarents Sea because
the predominance of one or the other type of circulation . ‘%~ ~iven era is

determined by the secular march of solar activity.
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Horetofore we have diacussed the serular fluctuations of solar activity and
‘ciness of the Barents Sea and the interrelution between them. Of interest is
a#lso the problem on small scale cyclic fluctuatione of the mentioned aspects.
As is known, the eleven-year cycles are the main fluctuations characterizing
the solar ac .ivity and belng very well pronounced. They can be separated from
secular fluctuations and the same can be done with respect to iciness. The
singling out of the eleven-year cyclic fluctuations from the summary data was

realized as follows: the sliding mean values of the eleven-year periods were

»

deducted from the annual data of W or Sice;

the results were then smoothed in
the form of sliding means by five-year periods. The processing results of the
Wolf numbers and iciness of the Barents Sea were expressed by two graphs. For
solar activity, one can expect well pronounced cyclic fluctuations of W numbers
by eleven-year periods; but the iciness of the Barents Sea is also characterized

oy completely accountable analogous fluctuations. However, the phase of recipro-

~ai march of these aspects is not stable.

It is interesting to note that exactly the same comparison for the surface water
temperature in the North Atlantic (Iceland area and to the south of Greenland)
i8 presented in a study by N. A. Belinskiy c43. The graphs of changes in water
~emperature and solar activity plotted by him are identical to the grephs of
iciness of the Barents Sea and solar activity; even the years marxed by shifts
‘n the sign of relationship almost coincide. All this shows that the type of
relationship between the eleven-year periods of cyclic fluctuations in solar
activity ary lciness of the Barents Sea is evidently not accidenta. but having

a rather widespread character,
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What has been said asbove serves as a basis for the following assumption
relative to the regularity in the alternation of the sign of relationship
between the mentioned aspects. The sign, evidently, changes after two cyclic
fluctuations with eleven-year periods. Thus from 1910-1914 to 1930-1934 the
relationship between the Wolf numbers and the iciness of the Barenis Sea was
direct, but from 1931-1935 it was inverse; prior to 1910-1914 it was also
inverse. Let us compare the periods marked by direct and inverse relationship
between W and Sice derived by the writer and V. Yu. Vize. The comparison shows
that the periods had coincided rather closely between themselves. But after
analysing them it becomes clear that the instability of the sign of relation-
ship pertains only to the cyclic fluctuations of Iciness in the Barents Sea and
solar activity which are marked by eleven-year periods; as to the secular
fluctuations of the aspects, the sign of relationship 1s stable but inverse, as

was pointed out above.

It follows from what has been said that the secular as well as eleven-year
fluctuations of iciness in the Barents Sea ure determined by solar activity,

It 1s interesting to note that even such abrupt variztions of iciness as were

observed after 1917 or after 1931 are also caused by variations of solar activity.

Thus, if the assumption on regularity in the alternation of the sign of relation-
ship between the cyclic fluctuations of solar activity with a period of eleven
years and the iciness of the Barents Ses should be confirmed in the future, the
extended long term forecasts of secular variations in iclness could be

essentially refined.

/15
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The Caspian Sea lLevel

The problem of the Caspian Sea is characterized by the existing low water
level. The general process of the fall of the Caspian Sea level is continuing
for about 75 years, but in acute form it appeared, as is known, since 1930.
During the last quarter of the century the Caspiar Sea level has dropped by
2.5 meters. Many authors c2, 3, 113 have studied this phenomenon and their
conclusions are in essence nearly similar. The fall of the Caspian Sea level
is associated with the setting in of a period marked by a sharp development of
anticyclonic regime over Europe, which has led to attenuatisn of precipitation,
including the hibernal precipitation, in the Volga Basin -~ the main water
source feeding the Caspian Sea. The decrease in the quantity of precipitation
caused a substantial and lasting abatement of water influx into the Caspian
Sea, which resulted in the fall of its water leval htecause the water discharge
from the Volga equals approximately 80 °/, of tho discharge from the rivers
flowing into the Caspilan Sea and a 1little more than 60 °/, of the entire water
mass received by the basin. During 'he last years the fall of the Caspian Sea
level occurs also as a consequence of economic activity of man, which is
assoclated with the use of river discharge for the purposes of hydro-energetics,

irrigation, etc.

The abrupt fall of the Caspian Sea level has caused considerable difficulties,
bringing great losses to many branches of national economy. The continued fall
of the sea level will, naturally, increase the losses. The solution to the

aituation lies in artificlal regulation of the Caspian Sea level.
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In connection with the problem of repnlating the Caspian Sea level, of very
preat sipuificance is a dependable extended long term forecasting of it with
‘t higher depree of probability than in the case of using the methods developed

ty M. A. Belinskiy end G. M. Kelinin c33. A number of such forecasts have

teen prepared during the recent years. Some of them (forecasts by B. A. Appolov)

have been advanced to numerical formulations, others (forecasts by M. S.

Eygenson, I. V. Maksimov) have a rather qualitative character.

The forecast by B. A. Appolov t©23 is based on relationship between the mean

alr temperature of Moscow area and the Caspian Sea level for a long time period
(?5 to 50 years). According to this forecast, the Caspian Sea level during the
immediate 10 to 15 years must recess by 30 to 50 cm as a result of warming up
of climate; taking into coﬁsideration also the economic activity of man, the

recession may reac: 1.5 to 2 meters.

The extended long term forecast by M. S. Eygenson cl8, 193 is based on the
relationship between secular fluctuations of the Caspian Sea level and solar
activity which was caleulated by him. This comparison enabled M. S. Eygenson to
draw the following conclusion c193: "...The low water level of the Caspian Sea
corresponds as & rule to the periods of secular maximums of solar activity; and,
vice versa, the high water level of the sea corresponds usually to the periods
of secular minimums of solar activity”. Having based his forecast on the given
relationship between the Caspian Sea level and solar activity as well as on the
assumption that the present eleven year cycle of solar activity is the upper
cycle in the current secular march of snlar activilty, the Investigator concludes
"that the period from 1970 to 2000 will be marked by a more or less higher

seenlnr level of the Casplan Sea®.

/16
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T. V. Makstimov considers that in the immediate futire! "one can expect.
reccation in the receasion of the Caspian Sea levie] and a new relative rise of
{t". Having established that the ceenlar fluctuations of great. hydrometeoro-
logiral phenomena are cyclic flucrtustions marked by two periods - 80 years and
250 years - I, V. Makarov demonstrated by this that the first half of the
current. century would be rharacterized by simple (having one sign) fluctuation
phases; this fact has raused a series of substantial changes in climate,
including the fall of the Casplian a level after 1930. Determining the mean
magnitudes of periods and amplitudes in the cyclic fluctuations of the most
important hydrometeorological phenomena, the investigator arrived at a number
of prognoustie conclusions as n result of snalysis, Such a conclusion dealing

with the Caspian Sea is discussed below.

Thus, there are two opinions on the possible fluctuations of the Casjpian Sea
level under the impact of climatlc conditions during the immediate 15 years.
These opinions are contrary and they point ont a necessitry for further investi-

zation of the important problem.

The extended long term forecast of sea level, which is proposed by this study,
‘s rased, as in a study by M. S. Eygenson cl18, 193, on relationship between the
fluctuations of mean Caspian Sea level and solar activity. However, the investi-

#ational methods used in these two studies differ substantially from cach other.

[n arder to determine the general relationship between the fluctuations of

aolar activity, W, and the Caspian Sca level, H, their integral curves were

"he etudy wos published in 1954.
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Fig. 7. Integral curves of annual deviations from standard
values (averaged on the basis of the mean eleven year period)
of the Wolf numbers, W, and the Caspian Sea level, H.

been plotted for one period, owing to which the conditions of comparability

have been observed. They characterize the secular cycle of solar activity and

the sea level because the cyclic fluctuations of the latter marked by a period

of eleven years were eliminated. Comparison demonstrates that the integral

curves of Wolf numbers and the mean water level of the Caspian Sea have a

mirror-like march. This means that, with respect to secular fluctuastions, the

mean water level of the Caspian Sea in periods marked by attenuation of solar
activity is above its standard level and, vice versa, in periods marked by
intensification of solar activity the Caspian Sea level is below its mean

annual level. The mentioned result agrees entirely with conclusions drawn by

M. 8. Eygenson t£l8, 193 concerning the relationship between fluctuations of the




30/16

gl which permitted s more distinective determination of linkages in the

Aoveiopment oY the main trend in the variat.... of the mentioned aspects. A

vl of the moan monthly and yearly data on the Caspian Sea level reduced to
‘he cendings of the Baku gauging rod of 1928 and corrected by taking into

wmsideration the submergence of the instrument is presented in a study written

s R. A. Appnlov and E, I. Fedorov cl3. The series beginning from 1830 and being

ontinuous from 1937 was utilized in tnis study.

ot all of the neriad of observations on sea surface has been used for a
«omparison with solnr activity but only the part covering the last secular
~yele of solar activity, which was determined on the basis of integral curve
{see fig, 1), 1. «. from 1870. The limitation of the geries was done by taking
into consideration the ideas based on conclusions by I. V. Maksimov concerning
‘ne aprecment. amomy the phases of cyelic fluctuations of long periods (85 years
arsd 050 yeanrs) during the first half of the twentieth century! which were dis-
“inged in a mamber of large scale hydrometeorological phenomena in the northeén
semisphere (ineluding fluctuations of the Caspian Sea level) and which have
sirious causes - namely, solar activity and varying speed of earth's rotation,
respertively. By virtue of the conclusion, the mentioned period characterized
*y a rcombination of phases of two cyclic fluctuations is most agreeabie to the

analyeis discussed here - namely, to clarify, first of all, the secular

~1ntions between solar activity and the Caspian Sea level.

“{yure 7 superposes the integral enrves of the Wolf numbers, W, and the Caspian

Jese devel, H, for the present secular cyele of solar activity. The curves have

/17
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Cazpian Gem level and solar sctivity.

Thus, the general link between secular fluctuations of solar activity and the

mean water level of the Caspian Sea, which was discussed reiative to the currenf
secular cycle, is obvious. Further, we attempted to give it a computational /18
character, for which a graph of relationship between the Wolf numbers and the

Caspian Sea was constructed. The relationship between integral sums of Wolf

numbers and mean values of the Caspian Sea level was sufficiently close. This
relationship is characterized in figure 8,6. Here the secular march of Caspian

Sea level from 1870 to 1955 is presented (on the basis of data showing deviations

from standard values) which has been smoothed by taking into consideration the

sliding eleven year periods.

The dotted lines demarcate the same sea level computed cii the basis of Wolf
numbers. As can be seen, the curve coincides rather closely with the unbroken
line, repeating it well, In figure 8, a, the graphs of smoothed secular
variation of sea level are superposed over the actual annual fluctuations.
Comparison between the two graphs shows that the secular fluctuations of the
Caspian Jea level form the basic background over which the fluctuations with

a considerably smaller amplitude and period are superposed.

Dots on the lower curve (fig. 8,0), beginning from 1951 (the period of eleven
years from 1946 to 1956), need be considered as prognostic and determined by
<limatic processes only. In correspondence with the mirror-type character of
variations in the in'egral curves, W nand H, the 2ownward moving branch of the

latter, bepinning from the cleven year period of 1945-1955, was extrapolated
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The extrapolation was carried
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level (relative to the standard level).

1 - the actual yearly sea level; 2 - smoothed by taking into
consideration the sliding eleven year periods; 3 - computed;’

4L - forecast.

Having fond “he variation of integral curves, W and H, for 1965-1975,

it was

rot 1iffimlt to present relationship between the elements in figure 8, 6, where

tne protatle secular variation of the Caspian Sea level was extended to the

eleven year period from 1965 tr 1975,

/19

Here the assumed secular changes 1in sea
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level are shown in two variables: H; and Hp. According to the variable Hl,
insignificant recession of the Caspian Sea level under the impact of climatic
factors is Lo be expected at the beginning. Later, from the eleven year period
lasting from 1957 to 1967, a completely stable trend toward the rise of the sea
level 15 assumed to be setting in. According to the other variable, HZ’ initisl
recession of sea level will be more noticeable end it will reach 40 to 50 cm,
but, as in the first case, since the eleven year period from 1357 to 1967, a
stable and rapid rise of the Caspien Sea level is in the offing. Thus, both of
the varlables discussed indicate that the sixties of this century will mark the
turning point for the secular march of the Casplien Sea level and that in this

decade its general rise will begin.

The difference between the two variables of the assumed secular variations in
sea level (fig. 8, 6) gives an idea on the 1limits within which the true sea

level must lie.

This discussion has dealt with the secular fluctuations of the Caspian Sea level
that depend upon the secular march of solar activity. Inasmuch as the eleven
year cycle of solar activity is defined very explicitly, an attempt to determine
its effect on flucutations of the Caspian Sea level has been made. For the
purpose, the cyclic fluctuations of the Wolf numbers and the Caspian Sea level
with a period of eleven years were singled out of the observed annual data.

They were then compared in order to elucidate the relationship between them. If
the eleven year cycle of solar activity is very explicitly and correctly

expressed, the Caapian Sea level 1s characterized by cyclic fluctuations having
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a short period whose duration varies from 7 to 16 years. Therefore the most

diverse phase corbination of H and W curves occurs.

In addition to the Wolf numbers, another indicator of solar activity - namely,A
the index of recurrence, &, by M. S. Eygenson t173, which expresses the stability
and intensity of sunspot formation, was utilized for the purpose.. Taking into
consideration the index, L. A. Vitel's £93 disclosed that the number of deep
cyclones over the North Atlantic Ocean and the Polar Basin has a considerably

closer relalionship with the index & than with the Wolf numbers.

We made a similar attempt. It was disclosed that the link between sea level
and index & 1s rather closer than that between the former and index W; however,
it cannot be considered as sufficiently close. The average amplitude of cyclic
ses level fluctuations with a period of eleven years does nct exceed 18 cm,

being more frequently less than 10 cm.

Thnus, in comparison with secular fluctuations of the Caspian Sea level, the
cyclic eleven year fluctuations are of a considerably smaller significance.
Consequently, when they are superposed over the future variation of sea level,
presented in figure 8, 4, the latter must vary little. The main result obtained
before remains in force: in the sixties, the recession of the Caspian Sea level
should end and 1ts general rise must begin.

In connection with the investigation of relationship between the secular
fluctuations of solar ectivity and the corresponding hydrological character-

istics of the Baltic Sea (salinity, water exchange), Barents Sea (iciness) and
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the Casplan Ses (water level) it was stated that the solar impact on hydro-
sphere is not exerted directly but through the atmospheric circulation. The
seas are subjected to the action by the system of atmospheric processes
occurring in the Atlantic-Eurasian sector of tHe Northern Hemisphere. There-
fore the secular changes in the mcst important hydrological aspects of the
mentioned seas are reciprocally interlinked and tied with atmospheric circu-

lation as well as with solar activity.

This is illustrated in figure 9. All the mentioned integral curves character-
izing the processes of secular march of solar activity W, the recurrence of
atmospheric processes of the western type (according to G. Ya. Vangengeim) 3,
the Caspian Sea level H, iciness of the Barents Sea S{ce’ and salinity of the

Baltic Sea S, are superposed in the figure.

,

As can be seen from figure 9, the integral curves H, Si and 3 have a simple

ce
phase but it i1s opposite to the phase of W and S. The simple‘phase of the
integral curves, H and 3, underscores once more the known assumption of

L. 8. Berg t53 - namely, that during the periods that are characterized by
average water level in the Caspian Sea the Arctic seas have a high degree of
iciness; and vice versa, during the periods that are characterized by low water
level in the Caspian Sea, the Arctic seas have a decreased iciness. This
conclusion could be expanded to mean that during the periods of increased
secular iciness in the Barents Sea and a high Caspian Sea level, the Baltic Sea
is subjected to the process of dilution; vice versa, during the periods of de-~

creased icinesa and low water level in the mentioned seas, the salinity of the

Baltic Sea increase,

/20

/21



TRANS-142 17/20
Z’A/rL "
sad 29rg|
ZaSa [
w9y 600t
20+ 300+
1000}
a0y 200t
40y 109)
ot o
£475)
-1t soF
-2t ot
-5t 250¢
i”i § At e Y % s &
d§§§'§$§533§§$x
: J : ! I a4 < Y TS
$ 88838888 82

Fig. 9. Integral curves of annual deviations from standard
(averaged on the basis of sliding eleven year periods) Wolf
numbers, W, of the number of days with western form of
circulation, according to Vangengeim 3, of the iciness of
the Barents Sea, S{ce, of the Caspian Sea level, H, and the

salinity of the Baltic Sea, S.
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Thus, we can now add the Baltic Sea to the interlinked system of the two seas -
the Caspian and Barents Seas. The secular changes of hydrological characteristics,
in the mentioned seas are caused by the atmospheric circulation in the Atlantie-
Eurasian sector. This is indicated by the form of the integral frequency curve

preserting the western type of atmospheric circuletion, 3.

The iciness of the Rarents Sea is determined by a greater or smaller heat
advection which depends on the fact whether the zonal or meridional transfer of
water masses prevails during the given period in the Northern Hemisphere, notably,

in the Atlantic-Burasisn sector.

As %o the Caspian Sea level and the Baltic Sea regime, the secular metamorphoses
of atmospheric circulation forms are expressed primarily by secular fluctuations
in the quantity of precipitation over Burope, which depend on the type of
atmospheric circulation. The periods during which the zonel transport prevails
sre marked by a greater quantity of precipitation, whereas the periods during -
which the eastern type of atmospheric circulation prevails are marked by a

emaller quantity of precipitation.

Thus, despite differences in the mechanics of impact, the secular variations of
icinees in the Barents Sea, of water level in the Caspian Sea and of saliniiy
regime in the Baltic Sea have one common immediate cause: the secular meta-
morphoses of atmospheric circulation forms in the Atlantic-Eurasian sectér of
the earth. However, us has now been established, the secular variation of one
or the other type of atmospheric circulation in the Northern Hemisphere depends

definitely on solar activity (the W and 3 curves in fig. 9). Therefore, in
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final analysis, chuanyes in solar activity can be considered as the cause of
secular fluctuations of hydrological conditions in seas, notably, the Baltic,

Barents and Caspian Seas.

BIBLIOGRAPHY

1. APPOLOV, B. A. and FEDOROVA, E. 1. lssledovaniye kolebaniy urovnya
Kaspiyskogo morya (Investigations of fluctuations in the Caspian
Sea level). Trudy Instituta Okeanologli, Vol. XV, AN SSSR, M., 1956.

2. APPOLOV, B. A. Problemy Kaspiysknyo morya (Problems of the Caspian Sea).
Priroda, No. 4, AN SSSR, M., 1957.

2. BELINSKIY, N. A. and KALININ, G. M. O prognoze kolebaniy urovnya
Kaspiyskogo morya (On forecasting the fluctuations of the Caspian
Sea level). Trudy nsuchno-issledovatel'skikh uchrezhdeniy GUGMS,
series TV, Vol. 37. Gidrometeoizdat, M.-L., 1946.

4. BELINSKIY, N, A. 1Ispol'zovaniye nekotorykh osobennostey atmosfernykh
processof dlya dolgosrochnykh prognozov (The use of certain character-
istics of atmospheric processes for long term forecasts). Gidro-
meteoizdat, L., 1957.

5. BERG, L. S. Uroven' Kaspiyskoso morya i usloviya plavaniya v Arktike
{The Caspian Sea level and navigational conditions in the Arctic).
Izvestiyan Geopraficheskogo obshchestva, Vol. /4, Geografgiz, M., 1943.

6. VANGENGEIM, G. Ya. Osnovy makrotsirkulyatsionnogo metoda dolgosrochnykh
meteorologicheskikh prognozov dlya Arktiki {Fundamentasls of the macro-
2irculation method of long term meteornlorical forecasts for the
Arctic) Trudy Arkticheskogo nauchno-issledovatel'skogo instituta,
Vol. 34, Glavsevmorput!', L., 1952.

7. VIZE, V. Yu. O vorm.shnoati predskazaniya sostoyaniya l'dov v. Barentsevom
more (On the possibilities of ire forecasting for the Barents Sea).
Icvestiya Tgentral'niop;o pidrometbyuro, Vol. 1, St. Petersburg, 1923.

8. VIZE, V. Yu. Kolebaniya solnochnoy deyatel'nosti 1 ledovitost' arktiche-
skikh morey (Fluctuati=ns ol sclar activity and the iciness of the
Aretic geas). Doklndy pubiseynoy sessii Arkticheskogo nauchnio-issle-
dovntelt'skogo inctituta.  Glavsevmorput', L. 1945.




TRANS-142 40/22

9. VITEL'S, L. A. Muogoletniye izmeneniya bariko-tsirkulyatsionnogo rezhima
i ikh vliyaniye na kolebaniye klimata (Annual variations of the baric
circulation regime and thelir effect on fluctustions of climate).
Trudy Glavnoy geofizicheskoy observatorii, Vol. 8 (70), Gidrometeolz-
dat, L., 1948.

10. GIRS, A. A. Mnogoletniye preobrazovaniya form atmosfernoy teirkulyatsii
i izmeneniya solnechnoy aktivnosti (Annual metamorphoses of atmospheric
circulation forms and variations of solar activity). Meteorologiya
i1 Gidrologiya, No. 10, Gidrometeoizdet, L., 1956.

11. ZAYKOV, B. D. Nodnyy balance Kaspiyskogo morya v svyazl s prichinami
ponizhemiya yero urovnya {Water budget of the Caspian Sea in connection
with the causes for the fall of its water level). Trudy nauchno-
issledovatel'skikh ychrezhdenily GUGMS, series 1V, Vol. 38, Gidrometeoiz-
dat, L., 1946.

12. MAKSIMOV, I. V. Vekovyye kolebaniya ledovitosti severnoi chasti Atlanti-
cheskogo okeana (Secular fluctuations of iciness in the North Atlantic
Qcean). Trudy Instituta Okeanologii, Vol. VIII, AN S3SR, M., 1954.

13. ORLOV, B. P. Problema Kaspiya (The Caspian Problem). HNauka 1 zhizn', No. 9,
M., 1957. '

14. SOSKIN, I. M. Mnogoletniye kolebaniya solenosti{ Baltlyskogo morya (Annual
salinity fluctuations in the Baltic Sea). Trudy Gosudarstvennogo
ok=snograficheskogo institutas, Vol. 32 (44), Gidrometecizdat, L., 1956.

i5. SOSKIN, I.M. and ROZOVA, L. V. Vodoobmen mezhdu Raltiyskim i Severnym
moryami (Water exchange between the Baltic and North Seas). Trudy
Gosudarstvennogo okeanograficheskogo instituta, Vol. 41, Gidrometeoiz-
dat, L., 1957.

16. TYABIN, N. I. K voprosu v proyavlenii solnechnoy aktivnosti v atmosphere
zemll (The question on the manifestation of solar activity in the
earth's atmosphere). Problemy Arktiki, Vol. 1, Glavsevmorput', L.,
1357.

17. EYGENSON, M. S. O prodolzhitel'nosti sushchestvovaniya prupp solnechnykh
pyaten (On the duration of existence of sunspot grups). Tsirkulyar
Pulkovskoy observatorii, No. 30, L.,1940.

13. EYGENSON, M. 5. Kolebaniya urovnya Kaspiyskogo morya i solnechnaya
aktivnost' (Fluctuations of the Caspien Sea level and solar activity).
Sverkhdolgosrr~! ayye prognozy urovnya Kaapiyskopgo morya {Extended
long term forecasts of the Caspian Sea level). M., 1957.



TRANS-142 41/22

19. EYGENSON, M. S. Ocherki fiziko-geograficheskikh proyavleniy solnechnoy
aktivnostl (An outline of physical-geographic phenomena of solar
activity). L'vovsk. gos. universitet, L'vov, 1957.

20. KANDLER, R. Der Einfluss der Wetterlage auf die Saltzgehaltschichtung
im Ubergangsgebiet zwischen Nord-und Ostsee (The effect of meteoro-
iocgical conditions on salinity distribution in the intermediate serea
between the North and Baltic Seas). Deutsche Hydrographische
Zeitschrift, Bd. 4, H. 4/5/6, Hamburg, 1951.

21. WYRTKI, K. Schwankungen im Wasserhaushalt der Ostsee (Fluctuations of
water budget in the Baltic Sea). Deutsche Hydrographische Zeitschrift,
Bd. 7, H. 3/4, Hamourg, 1954.




