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SOME 

ABSTR ACT. There a re four major glacier regions in the U.S.S.R. : the Atlantic-Arc ti c, Atlantic-Eurasia n, 
East Siberian and Pacific-Asian, which can be divided into Ig separate glacie r areas. The to ta l area of the 
glaciers in the country amounts to 81 goo km', and the volume of waler stored in them to 13750 km l. 

The main characteristic features of glacier regime, such as the eleva tion of the equilibrium line, the value 
of the total accumulation at the equilibrium line, the vertical gradients of ne l ba la nce, the " glacie r ratios". 
etc., are estimated for the m ajority of the glacier areas. The d a ta on mass balance of the glaciers in the Pola r 
Urals and Tien Shan which were obta ined by direct measurement during the last decade are tabulated a nd 
compared. It has been found that the glacier balance changes in the two areas are nonsynchronous. 

A comparison of the va riations in mass ba la nce of the Lednik IGAN in the Pola r U rals, and the Grosser 
Aletschgletscher in the Swiss Alps, over a period of severa l decades suggests a cyclic trend of the variations 
in both regions (with a wave-length of a bout 22 years), a nd the direct opposition in their phase. The ana logy 
of 22-year cycles of the balance variations with the cyclic Auctua tions of the same wave-length in solar 
ac ti vity seems to be quite evident, whereas the atmospheri c circula tion appears to be one of the main inter­
mediate va ria bles in the cha in sun- glaciers responsible for the out-of-phase rel a tionship in glacier variat ions 
of certain areas. 

In conclusion, som e da ta on the present cha nges in glacier regime a re given, as well as genera l info rmation 
on glaciological studies carried on in the U .S.S.R. within the fr a mework of the I.H.D. progra mmes. The 
la tter include the compilation of the Soviet Union invento ry of perennial snow a nd ice masses, the continuous 
m easurement of glacier variations, and the resea rch on combined hea t, mass and wa ter ba lances a t selected 
mounta in glac ier basins. 

RESUME. Glaciers actuels ell U.R.S.S. et quelques dOl1l1ees Sllr lellr bilall de masse. En U.R.S .S., il existe quat r" 
regions principales englacees : A tlan tique-Arctique, Atlantique-Eurasienne, Est-Sibe ri enne et Pacifique­
Asiatique, qui peuvent e tre di visees en Ig regions distinctes avec des glaciers. La surface tota le couve rte par 
des glaciers est d e 81 goo km', et le volume de I'eau stockee es t de 13750 kml. 

L es caracteri3tiques principa les du regime des glaciers, comme I'altitude d e la ligned'eq uilibre, les gradients 
verticaux du bilan specifique, I'energie d es glaciers, etc., sont est imees pour la majorite des surfaces englacees. 
Les donnees du bilan de masse des glaciers de l'Oura l a rctique et du Tien Sha n sont presentees sous forme de 
tableaux comparatifs, donnees obtenues pa r mesure directe dura nt la derniere d ecennie. Il a e te trouve que 
le bilan des glaciers dans ces deux zones n 'est pas synchrone. 

U ne compa raison d es va riations des b il a ns d e masse du Lednik IGAN d ans l'Oural a rc tique et du G rand 
Glacie r d 'Aletsch dans les Alpes Suisses pendant une period e d e plusieurs d ecad es suggere une tenda ncc 
cycliq ue d es vari a tions dans ces d eux zones (avec une longueur d 'onde de 22 ans) en directe opposition de 
phase. L'ana l og i ~ d es cycles de 22 a ns des variations du bilan avec les fluc tua tions cycl iques de la meme 
longueur d 'onde de I'activite solai re semble presqu'evidente, e t a insi la circulation a tmospherique a pparait 
comme l'une d es principales variables intermediaires dans la cha ine soleil- glaciers responsable de la rel a tion 
en opposition d e phase d es va ri a ti :::ms des glac ie rs dans certaines zones. 

En conclusion, quelques donnees su r les cha ngements ac tuels du regime des g laciers sont presentees, 
comme informa tion genera le des e tudes glaciologiq ues effec tuees en U .R.S.S . dans le cadre des programmes 
d ~ la Decennie H ydrologique Internationa le. Ceux-ci couvrent en particulie r la compilation de I' inventa ire 
en Union Sovie tique d es masses de neige et de glace pe rennielles, la mesure continue des va ri a tions des 
glaciers, et I'e tude des bilans combines de cha leur, de masse et cl ' eau pour des bassins versants selectionnes de 
glaciers. 

Z USAMM EN FASSUNG. Die gegellwartigell Gletscher in de,. UdSSR IIl1d eillige Dalell uber ihre)1 JvlassellhaZlshalt. 
In der UdSSR gib t es vier grbssere Gletscherregionen: d ie Atlantisch-Arktische, die Atlantisch-Eurasische, 
die Ostsibirische und die Pazifisch-Asiatische: sic kbnnen in ' g e inzel ne G letsch ergebie te a ufgeteilt werden . 
Die Gesamtflache der Gletscher im Land be tragt 8 , goo km', das in den Gletscher gespeicherte VVasservo­
lumen ' 3 750 km3. 

Die H auptmerkma le des Gletsch erverha ltens wie etwa die H bhe der Gleichgewichtslinie, del' Wert cler 
G esamtakkumulation a n del' Gleichgewichtslinie, die Vertikalgradienten d er Ne ttobila nz, die " G lacier 
R atios" etc. werden fur die meisten Gletschergebiete abgeschatzt. Die a us direkten M essungen wahrend der 
letzten D ekade gewonnenen Werte fur den Massenhaushalt der G letscher im pola ren Ural und im Tien Sha n 
sind tabelliert und werden miteinander verglichen. Es wurde fes tgestellt, d ass d ie Bila nzschwa nkungen de l' 
G le tscher in den beiclen Gebieten nicht synchron verl aufen. 

* The text of a paper read at the G laciologica l Training Course in Kebnekaise, Swedish La pland, August 1967. 
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10 JO U RNAL OF GLACIOLOGY 

Ein Vergleich der Verand erungen der Hausha lte d es IGAN-Gletschers im pola ren Ural und des Grossen 
Al etschgletschers in den Schweizer Alpen liber einige Dekaden lasst einen zyklischen Ablauf der Schwank­
ungen in beiden Gebieten mit einer Periode von ca. 22 J ahren a nnehmen, jedoch unter genau entgegenge­
setz len Phasen . Die Analogie zwischen den 22-J a hre-Zyklen der Bila nzschwankungen und der zyklischen 
Flukluation de r Sonnenaktivitat mit de rselben Periode tritl deulli ch zutage, wahrend die atmospharische 
Zirkulation eines der wesenllichen Zwischenglied er in d er K etle Sonne- Gletscher zu sein sche int, das flir die 
Gegenlaufigkeit d er Gletschnschwankungen in bestimmten Gebieten verantwortlich isl. 

Abschliessend werden einige D aten liber die gegenwartigen V eranderungen im Gletscherverhalten 
sowie allgemeine Angaben liber die im Rahmen des IHD-Programms in der UdSSR durchgeflihrtcn glazio­
logischen Stud ien mitgeteilt. Diese umfassen die Aufstellung des Inventa rs sUindiger Schnee- und Eismassen 
in d er Sowjet-Union, di e fortlau fende Messung von GleLscherschwankungen und Untersuchungen i:.ber d en 
kombinierlen vVa rme-, Massen- und Wasserhaushalt in ausgewahlten Gebirgsgle tscherbecken. 

GLACIER REGIONS AND GLACIER AREAS 

The U .S.S .R . has a very extensive territory, and there is considerable variation in climate 
and topography within the country. The combinations of these environmental features 
which are favourable for the existence of glaciers occur in a number of areas. These areas of 
glacierization are shown in Figure I. 

The glacier a reas can be grouped into several regions, distinguished by both their geo­
graphical position and the origin of the moisture-bearing air masses responsible for the 
nourishment of the glaciers. 

The first glacier region is situated in the Arcti c and lies within the zone of cyclones coming 
from the North Atlantic. Therefore this region can be called the Atlantic-Arctic. Apparently, 
it is part of a larger region which in addition includes the glacier areas ofIceland, Scandinavia, 
Svalbard and, perhaps, the north-eastern part of Greenland. Within this region in the Soviet 
Union li e Zemlya Frantsa-Iosifa, Novaya Zemlya, Severnaya Zemlya, the sub-polar and Polar 
Urals, the Byrranga mountains (Taymyr peninsula), and the small islands of Viktoriya, 
Ushakova and D e Longa. 

The second region includes the mountain glacier a reas extending a long the southern 
borders of the country . They are also under the influence of the Atlantic a ir masses which is 
spread over a considerable part of Eurasia. H ence it can be called the Atlantic-Eurasian region. 
It embraces the glacier areas of the Caucasus, the Alay and Pamir mountains, Tien Shan , 
Dzhungar Alatau , the Altay and East Sayan mountains. Some of these, in particular, the 
Pamir, Tien Shan and the Altay glacier areas are crossed by the fronti er and only their 
northern parts lie within the U.S.S.R. 

The third region includes the outl ying ranges of the East Siberian Highlands; the Kodar, 
Suntar Khayata, Verkhoyansk and C hertski y mounta ins belonging to it. They are also under 
the inAuence of the Atlantic O cean , but in some seasons of the year they are influenced by the 
Pacific O cean as well. The inAuence of the latter is particularly marked in the Sun tar 
Khayata area. Almost the whole of this glacier region was discovered only comparatively 
recently, in the 1940's and 1950'S, and quite unexpectedly, since, according to previous ideas 
glaciers could not have form ed in such a markedly continental climate as characterizes East 
Siberia. This region may be call ed the East Siberian. 

Finally, the fourth region is comprised of the mounta in chains along the Pacific coasts and 
includes the two glacier areas ofKamchatka and Koryak mountains . The Pacific O cean is the 
main source of nourishment of the glaciers there and the region can be called the Pacific-Asian. 

We can speak now of 4 large glacier regions in the U .S.S.R. which can be divided into 
as m a ny as 19 separate glacier areas. Of these, 14 have a mountain type of glacierization , 
and 5, belonging to the Arctic Islands, have comparatively small ice caps. 

ICE AREAS AND ICE VOLUMES 

Thanks to air survey and detail ed topographic mapping of the whole of the territory of the 
U .S.S .R ., we now have at our disposal relatively reliable data for the calculation of the areas 
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12 JO URN AL OF GLACIOLOGY 

of existing glaciers and the amounts of water stored in them . H owever, the interpretation of 
air photographs in terms of the identification of glaciers is as yet far from complete for 
many of the areas. 

Though the figures now available are therefore more or less preliminary they are in the 
process of being verified for the preparation and compilation of the glacier inventory of the 
U .S.S.R. In some areas (e.g. Zemlya Frantsa-Iosifa and the Caucasus) the area of glacier ice 
according to the inventory proves to be smaller than the earlier figures. This is due not so 
much to the shrinkage of glaciers during the last d ecades as to the errors in former maps. 
In some comparatively poorly investigated areas (e .g. in the Pamir and Tien Shan) the area 
of glaciers tends to becom e somewhat larger in the lates t calculations . 

There are very few data on the depth of glacier ice. The first comprehensive m easurements 
of ice thicknesses were made as recently as the International Geophysical Year 1957- 59. To 
estimate the average values of ice thi ckness over all the glacierized areas one must apply the 
resul ts of the isolated direc t measurements (bore holes, seismic soundings, etc .) to the numerous 
glaciers which are unmeasured , but similar morphologically to those already measured. Thus 
we have to resort to generalization and extrapolation, and it is possible therefore to obtain 
only approximate and somewhat tentative figures . 

All the moun tain glaciers, in terms of theil" thickness, may be roughly divided into three 
groups. The first group, wall-sided and cirque glaciers, predominate in the Urals, the west 
Caucasus and in some parts of the Altay and East Siberia. The maximum depth of such 
glaciers may reach 70- 90 m but, as a rule, does not exceed 50- 60 m . Cirque-valley and normal 
vall ey glaciers form the second group. Their predominant maximum thickness is somewhat 
over 100 m . Large valley and dendritic glaciers and also transection glacier systems compose 
the third group. Within the U .S.S.R. they are met with only in the mountains of central Asia . 
They are several hundred metres thick and the biggest of them are as thi ck as 600- 900 m. 

The average depth values of each of the above-mentioned groups are, of course, smaller 
than these maximum values because of the thinning of the ice at the marginal and terminal 
parts of the glaciers. Besides, the m ean ice d epth for certain areas characterized by compara­
tively intensive glacierization must be somewhat reduced in view of the fact that in each of 
these areas, together with the large glaciers, many wall-sided and cirque glaciers of incon­
siderable thickness occur. Taking this into account, the average d epth of 30- 50 m was 
adopted for the first group, 70- 100 m for the second , and 200- 300 m for the third . More 
detailed accounts of these computations and their results have been given in papers by 
Kotlyakov (1966) and Avsyuk and Kotl yakov ( 1967). The values obtained are given in 
Table I. 

This table suggests that at present 2 800 km3 of ice , i.e. 2 400 km3 of water are stored in 
the mountain glaciers on the territory of the U .S.S .R . (the latest figures for these glaciers has 
been given by Avsyuk and K otlyakov (1967)) . Much more ice exists in the ice caps of the 
Soviet Arctic, about 12 700 km 3 of ice (i.e. 10 900 km3 of water) are concentrated on just the 
three groups of islands of Zemlya Frantsa-Iosifa, Novaya Zemlya and Severnaya Zemlya. 
Altogether, the glacierized areas in the U .S.S.R. cover 81 900 km \ and more than 13 750 km ; 
of water are stored in glaciers there. 

MAIN CHARACTE RI STIC F EATU R ES OF GLACIE R R EGIME 

To obtain an idea of the mass balance we can consider such parameters as the elevation 
of the equilibrium line, the intensity of accumulation and ablation processes (expressed by the 
value of the total accumulation at the elevation of the equilibrium line, vertical accumulation 
and ablation gradients and their sum, the vertical net balance gradient. The latter is very 
close to the "glacierization energy" of Shumskiy and to the "activity index" of M eier and 
Post (1962 ) . 
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PRESENT - DAY GLAC IERS I N THE U .S.S . R. 13 
TABLE l. AREAS, TH ICKNESSES AND VOLUMES OF GLACIERS 

Volllllle oJ 
Average water stored ill 

Glacier areas Areas thickness Volullle glaciers Riference 
km' m km' km' 

AtLantic-Arctic region 
Zemlya Frantsa -Tosifa 13 735 180 2500 2250 Grosva l'd and others (in 

p ress) 
Novaya Zemlya 24 300 29° 7 050 6063 Chizhov a nd others ( 1968) 
Severnaya Zemlya 17500 200 3500 3 0 10 Govorukha ( 1965) 
Ostro\' Ushakova 325 200 55 50 Govorukha (1966) 
Ostrova De Longa 67 120 8 7 Shumskiy (1949) 
Gorv Byrra nga 50 50 2·5 2·5 Miroshnikov ( 1962), 

Govorukha (in p ress ) 
O stro\' Yik lOri ya 6 80 0·5 0·5 Grosva l'd a nd o thers (in 

press) 
Pola r & sub-polar U rals 28 40 Troitskiy and others (1966) 

Tota l: 6 1 000 [3 [00 [[ 350 

Atlantic-Eurasian region 

Caucasus [ 805 75 142 [22 lvan'kov ( [959[a], [bJ ) 
Alay & Pamir 9375 [80 [ 680 [ 445 Zabirov ( [ 955, (958) 
Tien Shan 6 [90 [ [5 725 624 Zabirov (1958), Zenkova 

( [960) 
Dzhungar mounta ins 956 [00 96 82 Zenkova (1959) 
Alta), 646 [05 69 60 Tronov (1949), Donchenko 

(1960), Seliverstov ( 1962 ), 

East Sayan 32 40 
Tronov a nd Oleynik ( 1962 ) 

I Grosva l'd ( 1965) 
Tota l: 19 000 2700 2300 

East, Siberia /l regioll 
Kodar mountains [5 80 [ Preobrazhenski y ( [ 960) 
Sun tar Khayata 206 [00 2 [ [8 Koreysha ( [963), Grave 

(1967) 
Verkhoyansk mountains 23 50 Vas'kovskiy (1955), 

Preobrazhenskiy (1963) 
Chertski y range 162 85 [4 12 Vas'kovski y (1955), 

Preobrazhenski y (1963). 
G rave ( [96 7) 

T ota l : 400 40 30 

Pacific-Asian regioll 

KOI'ya k mountains 650 50 32 28 Malykh (1958) , Sva tkov 
a nd T svetkov (1965) 

K a mchatka mountains 866 70 61 53 l\'an' kov ( [958) 
Total : t 500 90 80 

Tota l for the territory 8 t 900 t595° [3 750 
of the USSR 

Another important parameter which refl ects the glacier mass balance is the "glacier 
ratio" (K ), which, in Soviet terminology, is the ratio of the accumulation area (Se ) to the 
ablation area (Sa) . This rat io can be easily converted into M eier's " accumulation area 
ratio" (k) (Meier and Post, 1962 ) which is the ratio of the accumulation a rea to the whole 
g lacier surface. Their relationship must be as follows: 

k 
K = - . 

I - k 

The data obtained in recent years have enabled som e of the major characteristics of g lacier 
regime to be d etermined for a ll a reas with existing glaciers in the U.S.S. R . (see Table II ). 
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14 J OURNAL OF GLAC IOLOGY 

T ABLE II. SOME CHARACTERISTIC VALUES OF GLACIER R EGIM E 

Winter 
Height Seasons balance Vertical 

of of Prevailing at net Prevaillllg 
Annual equilibrium maximum glacier equilibrium balance nourishment 

Glacier areas precipitation line precipitation ralios line gradient type 
mm m a.s.l. kg/m' mm/m 

Arctic islands 200- i OO 200- 700 win ter 0·5 300- 700 3- 9 cold firn 
and ice 

Pola r Urals 700- 900 600- 1000 winte r 0.6- 1.8 2000 15- 20 warm firn 
Caucasus 800- 1 500 3 000- 3800 a utumn, 1.0- 1·5 1 000- 1 400 10- 12 warm firn 

w inter 
Alay & Pami r 800- 1 500 3 800- 5200 win ter, I 000- 1 500 4- 10 warm firn 

spri ng 
Tien Shan 800- 1 300 3 400- 4800 winter, 1.0- 1·5 300- 900 5- 8 warm firn 

spr i l~ g 
Altay & East Sayan 800- 1 200 2 100- 3500 spring, 0.6- 1.2 500- 1 000 3- 6 warm firn 

summer 
K amchatka & KOI'yak 600- 2000 600- 2 500 w inter 1-4- 1.7 I 000- 2000 8- 15 warnl firn 

mountains 
East Siberian areas 500- goo I 800- 2500 summer, 0.8- 1.6 500- 800 4- 5 Ice 

autumn 

A study of this table and some of the other da ta on glacier regime permits the following 
conclusions to be drawn. A considerable amount of precipitation is recorded almost every­
where in glacier regions including the East Siberian mountains . Annual totals of800- 1 500 mm 
are predominant, and even in the East Siberian mountains they are rather high, namely 
above 500 mm. The climate there cannot be as continental as was believed, but is sub­
continental- so far as the niveal high-mountain zone is concerned, of course. 

The main part of the snow accumulation in maritime areas falls in winter, but farther 
inland its period shifts to transitional seasons, and, finally, to summer. The rates of snowfall 
in maritime areas are 2- 3 times greater than in continental ones. In all glacier areas ice 
melting is retarded by the summer snowfall s, but a comparatively greater influence is exerted 
by the latter in regions with continental climate due to their spring- summer precipitation 
maxImum. 

Ice caps with more or less complex combinations of ice domes and ou tlet glaciers pre­
dominate in the Atlantic-Arctic region. More widespread are the various types of mountain 
glaciers : valley, cirque-valley and cirque glaciers. Cirque glaciers a re absolutely predominan t 
in the Polar Urals and in the East Siberian m ountains; cirque-valley glaciers are characteristic 
of the Caucasus, Altay and the marginal chains of Tien Shan, and valley, dendritic and 
transection glaciers are chiefly found in the mountains of central Asia. Besides large valley 
glaciers, the so-called glaciers of " Turkestan type" , which are fed to a considerable extent by 
snow avalanches, occur in the Pamir, Alay and Tien Shan- areas characterized by a large 
" positive glacierization difference", i.e. where the heights of the mountains exceed appreciably 
the elevation of the equilibrium line on the glaciers. Among other types of glaciers should be 
mentioned the ice caps of high-mountain plateaus that are often found in the Tien Shan a nd 
Altay, and the star-sha ped glaciers of volcanic cones, widespread in Kamchatka . 

Figure 1 shows very generally the distribution pattern of equilibrium line elevations in 
different glacier areas. It should be emphasized that the elevations plotted do not present a 
"computed average equilibrium line" in Liest01 and 0strem's sense, but is derived from 
generalized data on the heights obtained for the equilibrium line by means of air-photo 
interpretation and field reconnaissance during the last few decades. The figures show that the 
equilibrium line of glaciers in the Soviet Union lies within a large altitudinal range, from 200 
up to 5 200 m above sea-level. In most parts of the country the glaciers a re fed by precipita­
tion associated with storm tracks coming from the Atlantic Ocean, and consequently the 
trend of the contour lines of equa l equilibrium-line elevation is not an east- west zonal one. 
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PRESENT-DAY GLACIERS IN THE U.S.S.R. 

In fact , these lines make large angles with the parallels oflatitude, and in some localities even 
have a north-south direction. Because of this effect the limit within each of the individual 
areas rises not only from the north to the south but also from the west to the east- with the 
exception of the glaciers of the Pacific-Asian region where, on the contrary, it rises from east 
to west. 

At present the glacier ratio of most mountain glaciers in the country ranges from I to 1.5 . 
The relatively larger values are characteristic of areas with a maritime climate (e.g. Kamchatka 
and the Caucasus), and the smaller, ofal'eas whose climate is more continental (e.g. the Altay, 
East Sayan and the East Siberian mountains) . A glacier ratio value of 0.5 is predominant for 
the Atlantic-Arctic region . All these reflect the peculiariti es of the glacier regimes in the 
present climatic period, characterized by their prevalent negative mass balance and by 
continuing shrinkage of the glaciers. 

The intensity of the accumulation and ab lation processes and values of the vertical net 
balance gradient depend very little upon the latitudinal position of glaciers, but display a 
distinct connection with the degree of continentality which appears to be characteristic fOl' the 
rest of the world 's glacierized areas as well (Schytt, 1967) . The largest values are recorded 
from Kamchatka, the Polar Urals, the west Caucasus and west Pamir, areas notable for their 
high precipitation, whereas the smallest values are from the eastern part of the Soviet Arctic, 
East Siberia, the East Sayan , Altay and eas t Tien Shan, where the precipitation is lowest. 

NOUl'ishment by " warm " firn (or the warm infiltra tion type of ice formation according to 
Shumskiy) prevails in the majority of m ountain glacier areas of the U.S.S .R. It changes to 
ice nourishment (i.e. nourishment by superimposed ice, infiltration-congelation type of ice 
formation ) in the East Siberi an areas with a sub-continental climate, and to ice and cold firn 
nourishment in the Arctic, which is al so connected with the continentaJity of its climate. 

STUDIES OF GLACIER MASS BALANCE 

The first investigations of glacier mass balance in the U .S.S.R. were made by P. A. 
Shumskiy on Zemlya Frantsa-Iosifa in 1947- 49. Since then they have become more numerous, 
especially during the International Geophysical Year, 1957- 59. During LG.Y. mass balance 
data were obtained for glaciers in Zemlya Frantsa- Iosifa, Novaya Zemlya, the Polar Urals, the 
Altay, Zailiyskiy Alatau mountains (north Tien Shan) and the Suntar Khayata range. In the 
following years regular observations of mass balance were continued on a number of glaciers 
in the Polar Urals and Zailiyskiy Alatau. The longest series of such observations (which have 
been going on now for 10 years) are those on Lednik IGAN and Lednik Obrucheva in the 
Polar Urals (locality G , Fig. I) and Lednik Tsentral ' nyy Tuyuksu in Zailiyskiy Alatau (E , 
Fig. I). The results of these are given in Table Ill. 

Lednik IGAN and Lednik Obrucheva are in the northern part of the Polar Urals, in the 
basins of the Bolshaya and Malaya Khodata lakes. Lednik IGAN is an easterly flowing cirque­
valley glacier , 1.8 km long with a maximum width of 1.5 km. It occupies an area of 1.25 km' 
and lies between 790 and I 240 m a.s. l. with its equi librium line in recent years close to I 000 
m a. s.l. Lednik Obrucheva is a cirque glacier which a lso flows eastwards; its length amounts 
to I km and width to 0.5 km, it covers an area of 0.4 km" and lies within a height interval of 
390 to I075m a.s. l. The elevation of the equilibrium line ofthis glacier is as low as 600m a.s.l. 

Lednik T sentral ' nyy Tuyuksu belongs to the normal valley glacier type. It lies on the 
northern slope of the Zailiyskiy Alatau range in the upper reaches of the Malaya Almatinka 
river, in the vicinity of Alma-Ata. It flows almost exactly northwards. The surrounding 
mountain summits rise on average to 4 120 m a .s.l. , and the bare-ice snout of the glacier lies 
somewhat above 3400 m a.s. l. Its length is 4 km, the maximum width 1.2 km, and the 
glacier's moraine-free portion covers an area of 2.5 km'. In recent years its equi librium line 
has been located at an average height of 3 740 m a.s.l. 
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TABLE Ill. MASS BALANCE OF GLACIERS IN POLAR URALS AND ZAILIYSKIY ALATAU MOUNTAINS FOR THE LAST 
DECADE, IN kg/m' 

Polar Urals Zailiyskiy Alatau 
Lednik Lednik Lednik Tsentral'nyy 
IGA N Obrucheva Tuyuksu* 

Budget Winter Summer Net Winter Summer Net Winter Summer JVet 
y ears balance balance balance balance balance balance balance balance balance 

1957/58 I 150 1450 - 300 1850 470 140 -:- 330 
1958/59 2650 3 000 - 350 2900 200 620 - 420 
1959/60 1400 2250 - 850 I 750 2600 - 850 260 360 - 100 
1960/61 2200 2450 - 250 2800 3100 - 300 200 760 - 560 
1961 /62 3 200 3 250 - 50 3500 3700 - 200 180 870 - 690 
1962 /63 2100 3 250 - 1150 2500 3500 - 1000 630 190 + 440 
1963/64 1000 2250 - 1250 I 100 2500 - 1400 690 170 + 520 
1964/65 2500 3 180 - 680 2420 2560 - 140 - 40 
1965/66 I 750 1980 - 230 2030 I 720 + 3 10 - 110 
1966/67 2890 3 000 - 110 3760 3470 + 290 - 30 

* Net balance values from Lednik Tsentral'nyy Tuyuksu for last three years a re preliminary; they are est imated 
on the basis of observations of glacier ratios and the elevations of the equilibrium line. 

Mass-ba lance figures for Lednik IGAN in the Polar Urals have been obtained also fOl' an 
extended period preceding the I.G.Y. by calculation from meteorological data. For this 
purpose Khodakov (Troitskiy and others, 1966) used the relationship of the maximum snow 
accumulation to the sum of the average monthly winter temperatures (from October to May) , * 
and of the total ablation to the sum of mean monthly temperatures for three summer months 
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Fig. 2. Variations in mass balance q[ Lednik IGA N , Polar Urals , lo-year running means (A ), and of the Grosser 
Aletschgletscher, Swiss Alps, 5-year running means (B ). A - calculated and plotted on the basis of Klwdakov's data 
( Troitskiy and others, 1966 ) ; B- after Kasser and Muller (1960). 1 g/cm' = la kg /m'. 

* The satisfactory correlation between accumulation and winter temperature in the Pola r Urals was estab­
lished as a result of direct measurement of both elements for the last I I years . 
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TABLE IV. AVERAGE ANNUAL MASS B ALANCE OF LEDNIK I GAN AND 

L EDNIK TSENTRAL'NYY TUYUKSU FOR THE LAST 100 YEARS ( CALCULATED 

ON THE BASIS OF V. KH ODAKOV'S AND N . PAL'GOV'S DATA ) , IN kg/m' 

L ednik lGAN Lednik Tsentral'nyy T uyuksu 
Winter Summer Net H eight of Net 

Period of time balance balance balance equilibrium line balance 
m a.s .l. 

185 1- 1875 I 780 I 740 + 40 
1876- 1900 1680 1660 + 20 3 660 , 3 10 
1901 - 1925 I 770 1 920 - 150 3 690 + 150 
1926- 1950 I 700 2030 - 330 3725 - 40 
195 1- 1963 2200 2880 - 680 3740 - 120 

, 7 

(June to August), which were obtained from the mass-balance observations carri ed out during 
recen t years. From these the mass-balance terms and the values for the net mass balance were 
computed for the period since ,8,8 using th e m eteorological data record ed at the Syktyvkar 
weather station . 

The curve drawn in Figure '2A represents IQ-year running means of net mass balance for 
Lednik IGAN . According to the curve, periods of positive net mass balance for the glaciers in 
the Polar Urals were characteristi c mainly of the nineteenth century, occurring at in tervals 
centred around ,8'20 (or earlier), ,835, [855 and [885, In addition , in the twentieth century, 
comparatively better conditions for glacier nourishment occurred at about 1905, 1925 and 
1948- 49. In general this agrees well with the evidence from a number of other glacierized 
areas in th e Atlantic-Arctic glacier region, e.g. Scandinavia. 

A similar computation was made, for Lednik Tsentral ' nyy Tuyuksu, Zailiyskiy Alatau , by 
Pal 'gov ( I966) on the basis of data obtained at the Alma-Ata weather station since [879. H e 
worked out the height of the equilibrium line of the glacier for each of the last 85 years, and 
suggested an equation relating the net balance of the glacier to the heigh t of its ebuilibrium 
line. 

From Khodakov 's and Pal'gov's results, average net balance values for '25-year intervals 
were calculated for both of the above-mentioned glaciers (see Table IV). 

The data obtained show that the nourishment regime of mountain glaciers in the U .S.S.R. 
in the second half of the nineteenth century was essentially positive whereas it became negative, 
and grew increasingly negative, in the first half of the twentieth century. 

The changes in net balance, as given in Table IV, apparently refl ect the long-term trend 
of climatic fluctuations , in particular the maximum temperature fall in the middle of the nine­
teenth century and the gradual rise in temperatures that has been taking place since then. In 
addition, the curve in Figure '2 indicates the existence ofa series of minor climatic fluctuations, 
with a wave-length of about '2'2 years, which have been superimposed on the long-term 
fiuctuations. The reality of these cycles has been verified by the data given in Table V , in 
which the time intervals (approximately equal to h a lf the length of the 22-year cycle) are 
selected as centred on the years of maxima and minima of the curve, and the corresponding 
sums of ne t bala nces are obtained by algebraical addition of the actual yearly values taken 

TABLE V. NET B ALANCE SUMS FOR TIME I NTERVALS CENTR ED O N 

MAXIMA AND MDIIMA OF THE R UNNING M EAN CURVES 

Time interval JVet balance sums Time in terval Net balance sums 
mm of water mm of water 

1829- 36 + 1150 1899- 19 10 + 150 
1837- 47 - 4 850 19 11 - 19 - 5500 
1848-60 + 2600 1920- 3 1 0 
1861 - 73 - 1650 193 2- 44 - 6000 
1874- 85 + 5500 1945- 53 - 1 750 
1886- 98 - 2950 1954- 64 - 6900 
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from Khodakov's table. Finally, the data listed in Table III illustrate som e mass balance 
variations of shorter periodicity. Whilst long-term mass balance cha nges of mountain glaciers 
and the corresponding climati c fluctuations occur simultaneously a ll over the world, and the 
22-year superimposed fluctuations occur simultaneously at least over considerable areas of 
continen ts, short-term variations prove to be m etachronous. 

The 22-year cycles of balance variation appear to be of especial interest. Their analogy 
with the 22-year cyclic fluctuations in solar activity seems to be quite evident. On the other 
hand, it is not less evident that these variations in the glacier mass balance cannot be a direct 
result of those fluctuations . That there are several intermediate variables in the chain sun­
glaciers is clear not only from a numbet· of genera l considerations, but also from the opposing 
phase of the 22-year variations in mass budget of glaciers from different regions . A good 
ill ustra tion of this is given by comparing the mass-balance curve from Lednik IGAN (see 
Fig. 2A) with that from the Grosser Aletschgletscher, Swiss Alps, as published by Kasser and 
MUller (1960) (Fig. 2B) . Both curves display balance variations which have the same wave­
length but are directly opposite in their phase. Table III suggests that the sam e out-of-phase 
relationship exists between the net balance variations of the U rals a nd those of the Tien Shan 
glaciers. 

TABLE V 1. AVERAGE ANNUAL MASS BALANCE OF SOME GLACIERS IN THE USS R FOR 1957- 60 IN kg/m' 

Name qf glacier 1957/58 1958/59 1959/60 Riferellces 

Lednik Shokal'skogo, Novaya Zemlya - 95 - 175 Chizhov and others ( 1968) 
Guker (H ooker) island ice sheet, Zemlya - 370 - 420 Grosval'd and others (in press) 

Frantsa-Iosifa 
Lednik IGAN, Polar Urals - 300 -- 350 - 850 Troitskiy a nd others ( 1966) 
Ledn ik Tsen tral'nyy T uyuksu, Zailiyskiy + 330 - 420 - 100 Makarevich ( 1964) 

Alatau 
Lednik Aktru, Altay mountains nearly strongly slightly Tronov ( 1966) 

bala nced negat ive positive 
G lacier No. 3 1, Sun tar Khayata moun- -'- 50 - 320 Koreysha ( 1963 ) 

ta ins 

H owever the areas in question- the Urals on one hand , and the Tien Shan and the Alps 
on the other- are known to have a similar "contra-phase" relationship in terms of the 
succession of abnormally frequent types of atmospheric circulation (Baydal, (964) . For this 
reason the atmospheric circulation seems to be responsible for transforming the flu ctuations 
in solar activity into the variations in glacier nourishment. 

The data obtained during the LG.Y., make it possible to compare changes in nourishment 
of a number of glaciers situated in widely differing environments in several parts of the 
country, though for a relatively short period of time. 

On the basis of the data given in Table VI the glaciers can be combined into two groups 
which differ from each other in the trend of their minor variations . The firs t group includes 
the glaciers of the Soviet Arctic and the Urals, whereas the glaciers of Tien Shan, Altay and 
East Siberia belong to the second group. These data testify to a difference in the phases of 
glacier regime which can be displayed not only in separate years bu t a lso over intervals of 
several years duration. 

PRESENT CHANGES IN GLACIER MASS BALANCE 

Comparison of mass-balance values of Lednik IGAN, as given in Table Ill , with those 
calcu lated for the previous decades permits an assessment of the improvement of glacier 
nourishment in the 1960's, which is characteristic of many glaciers in the Caucasus and 
probably in the Pamir as well. 
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In the central and west Caucasus the mass balance of many glaciers was positive in this 
period, and the rate of their retreat slowed down abruptly, and some even advanced in 1963 
(Panov, 1966; Tsomaya, 1965) . On Mt EI'brus the annual net balance of the firn area 
increased from year to year- from 375 kg/m ' in 1956/57 up to I 200 kg/m' in 1961 /62. 
(Bazhev and Bazheva, 1964), and became still larger in 1962 /63 . The annual net balance of 
the Lednik Fedchenko, Pamir, between 1928- 58 on average equalled - 0.02 km3 whereas in 
1958/59 it turned out positive and amounted to 0.06 km 3 (Shul'ts, 1962 ) . In 1959- 64 the 
mass balance of a number of glaciers on the Pamir seem ed to be positive, in any case it 
approached a balanced state as at that time a tendency for many previously retreating 
glaciers to advance was recorded. 

In the Polar U rals, the accumulation exceeded the ablation in 1966 and 1967 on Lednik 
Obrucheva and on a number of wall-sided glaciers. The mass balance of Lednik IGAN 
persisted negative, but in these years was only slightly so. 

However, it should be stressed that the accretion in ice mass as recorded by the balance 
values for several recent years did not result in a general advance of glacier fronts; on the 
contrary this accretion in most cases took place against the background of continuing glaciel' 
retreat . 

It is most probable that at present we are witnessing the climax of the latest minor mass 
balance variation as suggested by Figure 2A. It is quite clear that this variation, as well as its 
climax, are superimposed on a very low part of the curve oflong-term mass-balance variation. 
For this reason we consider that the present improvement in glacier nourishment cannot halt 
the general glacier recession. 

GLACIOLOGICAL PROGRAMMES OF THE I.H .D . IN TH E U.S.S.R. 

Large-scale work is being carried on in the U.S.S.R . within the framework of the I.H.D. 
programmes to ascertain the present-day state of existing glaciers a nd the trend of their 
contemporary variations, a nd to obtain more detail ed data on their regimes. This work 
covers : (a ) The Soviet Union inventory of perennial snow and ice masses, (b) the con tinuous 
measurement of g lacier variations, (c) the measurement of combined hea t, mass and water 
balances of selected representative mountain glacier basins. R esearch institutes of the 
Akademiya auk (Academy of Sciences), universities and Gidrometsluzhby SSSR (the 
Hydrometeorological Service of the U .S.S .R .) are involved in this work. The first results of 
the lat ter were recently reported by Avsyuk and Krenke (1968) . 

The inventory of perennial snow and ice masses will contain , besides the usual charac­
teristics of size, shape, and elevation of glaciers, a ll available data on the physical setting, 
structure, nourishment regime, history of the latter's variations, and data on the rivers 
starting at the glacier snouts, etc. The inventory must include a ll glaciers of an area exceeding 
0. 1 km'. Each issue will be provided with a list of the literature sources. 

The inventory is planned in such a way as to cover a ll the river basins in the upper reaches 
of which there are glaciers . For this purpose the whole territory of the U .S.S.R . is divided into 
20 regions and each volume of the inventory will correspond to one of the regions. The 
regions, in turn , are divided into several basins, and a separate part of each volume wi ll be 
d edicated to each of them . The whole inventory, after i t has been completed , wi ll consist of 
about 100 parts comprising a ltogether about 4000-4500 pages. At present, II pa rts in 5 
volumes (400 pages) have already been issued. They cover Zemlya Frantsa-Iosifa, the Polar 
and sub-polar Urals, the northern slopes of the west Caucasus, the Chi lik basin of northern 
Tien Shan and the Kamchatka peninsula . Another 8 parts of the inventory (325 pages) are 
in the press. These include the Dzhungarskiy Alatau , the Fedchenko glacier basin in the 
Pamir, central Tien Shan and the East Saya n mountains. 

The measurem ent of glacier variations as a part of a world-wide programme started in the 
U.S.S .R. in 1963 in the Polar Urals, the Altay, central Asia and the Caucasus. At present, 
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a special "Manual on observations of regime variations of existing glaciers" is being completed 
which will contain measurement programmes of several classes differing in scale and frequency . 

Investigations in representative mountain glacier basins began in the U .S.S.R. in 
1966. Now observations are being carried out on 7 selected glacier basins (see Fig. I ) : in the 
west Caucasus, the upper reaches of the Marukh river with the glacier of the same name 
(Basin A) ; in the central Caucasus, upper Bakhsan river basin centred around Lednik 
Dzhankuat (Basin B) ; in the east Caucasus, Mt Kazbek area, the upper reaches of the Chkery 
river with Lednik Gergety (Basin C ) ; in the Alay range, the upper reaches of the Kok-su river 
with Lednik Abramova (Basin D ); in north Tien Shan, Zailiyskiy Alatau range- Lednik 
Tsentral'nyy Tuyuksu and a number of smaller glaciers in the basin of Malaya Almatinka 
river (Basin E ) ; in the Altay Mountains- the basin of the Aktru river and the glacier of the 
same name there (Basin F ), and in the Polar Urals, the upper reaches of the Bolshaya Khodata 
river with Lednik IGAN. These basins are being operated by the following research institu­
tions: A-by the Institut Geografii Akademii Nauk SSSR and the Severo-Kavkazskoye 
U pravleniye Gidrometsluzhby SSSR, Rostov-na-Donu; B- by the Geograficheskiy Fakul'tet 
Moskovskogo Universiteta; C- by the Institut Geografii Akademii Nauk and the Zakavkaz­
skoye Upravleniye Gidrometsluzhby SSSR, Tbilisi ; D- by Sredneaziatskoye Upravleniye 
Gidrometsluzhby SSSR, Tashkent; E- by the Akademiya Nauk Kazakhskoy SSR, Alma­
Ata; F- by Tomskogo Universiteta, and G- by the Institut Geografii Akademii Nauk. 
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