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I. Introduction

Considerable difficulties are encountered in the industrial development of the moun

tainous regions of the USSR (industrial, civil and transport constructions) owing to

the widespread avalanche activity. Avalanches cause catastrophes and large material

damages. Up to recent times organizations designing the constructions of different

types had no data at their disposal on the avalanche danger over the USSR territory.

In 1965-1966 following the task given them by the Gosstroy USSR, the Moscow

State University and Hydrometeoservice of the USSR compiled a map of avalanche

regions of the USSR (the scale is 1: 10 000 000). The map depicts regions where spe

cial studies are required for the evaluation of avalanche danger with special reference

to designing or planning constructions and for other surveys.

In the process of map compilation the materials were generalized based on multi-year

avalanche researches carried out in certain regions of the Khibins, in the Caucasus, in

the mountains of Middle Asia and in the Transbaikal region. The data provided by

the above-mentioned work were used as standards in the compilation of the map, and

provided clues to the understanding of the peculiarities of the snow cover formation

and of different types of avalanche regimes.

For the compilation of this map of the whole USSR territory, an extensive organi

zational work was carried out collecting all known data on avalanches which could be

expressed as follows:

1. The observational data were collected from snow avalanche stations and regular

meteorological stations of the hydrometeoservice system and avalanche defence survice

of mining enterprises. These data were of great value due to the systematical

continuance of observations without which it was impossible to adjudge the avalanche

activity, frequency of their occurrence and weather conditions of avalanching.

2. The materials were generalized from special expedition studies of avalanches

carried out during the surveys of different linear constructions and also for the evaluation

of a territory to determine its suitability for industrial and civil construction.

In the compilation of the map the scientific workers of Moscow State University

carried out field surveys in 1965 in the mountains of Putoran, Kamchatka, Sakhalin and

Caucasus.

3. Questionnaires were distributed by the territorial boards of the Hydrometeoservice.

About 2 000 questionnaires were sent to different areas in the USSR for additional data
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o n avalanching. In add itio n, th e workers of the Moscow S tate U nivers ity (MG U) wen t

to Barnaul , Novosibirsk, Krasnoyarsk, Norilsk, Irkutsk, Yakutsk, Vladivostok, Khabarovsk ,

Pet ropavlovskna-Kam ch atka to obtain infor mation on avalanches from road , fo re st , geo

logi cal and o the r organ izat ions .

4. Literature so urces and fun d m at erials mad e it possible to ge ne ralize th e d at a on

L omo nos ov M U$<,: OoN S l a te Ul l i'JerS l l y
Proi ,l tlnl LillH,lt J l v r y o f ov atancncs
oIlnd Labo ratory o f lH: w p ll o ! unl ct ho<Js
o f ge o(Jr a ph,,,n 1 de pa rtm ent MidilSliln NI GMI

T ra nsciluc n Sl illl NIGMI
~1~jt7~:~(;~ ' l t a , n <lU s !Jcop: l y s ic ;:,.J

K. L Abdus hc hs hv ,IL K . V . Ak ,f yc va. N . V . V u lvd ,<;hcv ,,-
V" N E m e ly.:m l1....M en Z .. ,." no v. N Va ,,, ...l"'.
L A. I<.. ,,,,,,v, N L . 1(" ,...,,,I,,,v V . _Kra " "" " v,,
to S. K OJlst .. Jl1,nm... . I . S " u' ''' '''a . N V. M;u ,mu...
Yu D M o"" ,, "' ... V. F . P o:> , o 'o', 5 A Rat ,I;'\. ,1 V R u"'c h.
M P . Tv/!>lU1U;,",. F _~ T,u " .... N U. U"", .o."v .
V P , F" l""va. M P S".· t..,k uv. O. A S Il I~ , .. ' I(' .
S . $ . {;h ' l ;>,jz" . V. S n. T'-<)rt1a va ...lIn I" " ''''c ,, ' 1" "
"'a l c h u f Ic u ' t ' l .. "" ,-t" ,, ' H ,I '''m y.: "

Til ., h.>a, l u ' In" ' <"n l~ l lll '..." ", ,, ,10< c"<1 I"" ,,<.lItO'

'--."
~,

.'.... ,'

Fig. 1. The map of ava lanche dan gerou s regions of th e USSR
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avalanches from the beginning of the XIXth century.

Based on this extensive collection of the materials on the facts of avalanching a

catalogue was compiled, containing information on avalanches on more than 800 sites

-the first review of actual data on avalanches on the USSR territory.

These materials however only supply information on avalanches at individual sites
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whi le In th e vas t areas of untrodden mountain ou s region s of the A ltai Mts ., th e Sayan

Mts., th e Putoran Mts., the mountainous reg ions of North-East , Far East, Primorye,

K amchatka, almost no data are availabl e.

The mass survey of a territory co uld be ca rr ied o ut on ly by mean s of aeromethod

which have a specia l rol e in the co mpila t ion of the m ap .

A deciphering of aero photograp hs was ca rried out on standard sites in all the moun

tai no us regions . By mean s of aeropho tographs a study of the land scape of surveyed

territory was carried out to reveal bo und ar ies of avalanche regi ons and to de cipher

individual avalanches and a co mpilation of avalan che map s for certain standard sites was

mad e. The ex pe rience of our wo rk wi th aeropho togra phs of su mme r landscape and

compar ison s of aerosurvey mat er ials obtaine d in differ en t seasons of the year showed

th at a deciphering of avalan ch e can be suc cessfully m ade by summe r ae ro pho to g raphs

based on ind irect geomorpho log ical and ge ob otan ical ind icat ion s.

Deciph ering of the aero ph otograph s of winter landscap e m ade it po ssible to enlarge

th e avalan che catalogue with the dat a on avalanches which occurred durin g the period

of aeropho tosurvey.

A great role in the map co mpi la tion was played by ae rovisua l observatio ns ca rried

out by MGU workers in th e untrodden east ern re gions of the co un try in the ba sin of

th e U pper Kolym a, in the A ltai Mts ., Kuznetsk Alata u, in the Caucasus, o n the Novaya

Ze mlya, Severnaya Zemlya, on Novosibir sk iye Isles , Vrangel Island , Stanovoy Ri dge, Burein

Ridge, Sikhote-Alin , Sakhalin , the Kurile Isl es , Kamchat ka, Tchukotka, the Taimir and

Aldansk oye Plateau . This work sho wed an ex tremely h ig h effec t ivity of aero visual ob

se rvatio n fo r revela t ion of reg ion s of avalanc he dis tri bu tio n. In observations from diffe r

en t heights , several hundred s to 8000 m seasonal traces of avalanc hing - avalanche

snow pat ch es- can be clearl y recogn ized fr om th e ai r. The success of the work is

det erm ined by the selec t ion of th e pe riod of ae ro visual observat ions which sho uld be

carried ou t immediat ely foll owing th e melting of the seasonal sn ow cover.

The whole set of information obta ined by ae ro method s - by means of o bservations

fro m th e air and deciphering of ae ro pho to g raphs- yielded nearly 1/3 of th e points and

si tes of ava lanc h ing known un til th e presen t.

And fina lly, fo r most of the regi on s the princip al method of map co mpila tion was

th e an alysis of geographical co nditions mainly of th e reli ef and cli mate and also of the

pe culiar ities of plan t cov er. On ly suc h an analys is made it po ssible to sho w the com

plete ch ar acteristics of aval an che danger of th e whole coun try including the regi on s

whe re we had no dat a on ava lanches before .

An ana lys is of the rel ief was performed by a large scale top ographical and review

geomorpho log ica l maps based on which the wo rk ing maps fo r eva lua t ing terri tory reli ef

(1 : 2 500000 in scale) were co mpiled wi th th e accoun t of depths and den si ty of d issec tio n ,

inclination ang les etc. An analysis of climat ic co nditio ns was mad e by cl im atic maps,

reference books an d fund materials . Special atten t ion was paid to the depth of the

snow cover and its va r ia t ions fr om year to year , snow drif t transport an d also to tem

perature co ndit ions of th e winte r period . Avalan che zones we re desig nated as reg ions

with a maximum 10 year ave rage snow depth of more tha n 30 ern, wh ile the dep th of

70 ern was considered to indicate a co ns ide rable avalanc he dan ger .
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A comparison of maps evaluating relief and climate made it possible to define the

territories with different degrees of avalanche danger and to compile the maps of ava

lanche regions for individual mountainous territories at a scale of 1: 2500000 which

was later combined in a review map of the USSR at a scale of 1: 10 000 000 (Fig. 1).

The regions with considerable and small avalanche danger are revealed on this map

will as the regions with potential avalanche danger where a change of natural conditions

of human activity will undoubtedly lead to the appearance of avalanches. In addition

to this the reliability of marking the boundaries of avalanche regions is characterized.

For the first time the proposed map shows with a considerable degree of detail and

reliability how widely the avalanche danger is spread in the mountainous regions of our

country. Cartametric works made on it showed that more than 4500000 km2 -which

IS 20% of the whole territory of the country- are avalanche regions.

The compiled map and an analysis of the conditions of avalanche formation makes

it possible to divide the country territory into districts according to the prevailing fac

tors of avalanche formation and in accordance with types of avalanche regime. As a

result of this division 50 avalanche regions were defined which were combined into 5

groups (Table 1, Fig. 2).

In dividing the snow avalanche regime of the USSR into districts the difference

of snow rocks from the rest of the mountainous rocks was taken into consideration

which was the dependence of snow cover on climate and consequently on geographical

zones. One must bear in mind that the diagenesis of a snow layer is most closely

connected also with geographical conditions which makes it possible to show the geo

graphical types of avalanche regimes.

The importance of ice and snow for the biosphere was emphasized by the outstand

ing soviet scientist academician V. 1. Vernadsky. He pointed to the zonality of water

Table 1. Types of avalanche formation and avalanche dangerous
regions of the Soviet Union

1. Arctic regions with snow drift and insolation atralanches

Pacific Subarctic province

Eastern-Siberian Arctic province

Pacific-Arctic province

Climatic provinces

Atlantic-Arctic province

Atlantic-Arctic province

Siberian Subarctic province

Continental Eastern Siberian province

Avalanche dangerous region

1. Glaciers and arctic deserts of the Franz-Joseph Land

2. Glacial mid-mountain relief of the Novaya Zemlya

3. Arctic deserts and glaciers of the Severnaya Zemlya

4. Arctic deserts of the Novosibirskiye Isles

5. Arctic deserts of the V rangel Island

II. Northern regions with avalanches of snow drift and newly fallen snow

Atlantic-Subarctic province 6. The Kolskiy tundra-northern-taiga peninsula

7. Mountain-tundra and forest-tundra in Polar and
Prepolar Urals

8. Arctic deserts and tundras of the Byrranga Mts.

9. Tundra and Northern taiga of Putoran Mts.

10. Northern-taiga and tundra of Okhotsko-Kolym
sk oye Plateau

11. Anuysko-Chukotskiye tundra mountains

12. Tundra and forest-tundra of Western-Koryak
Plateau
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111. Inn ercontinentai regions w ith avalan ches of sublimatio n diaphth oresis

Clim atic provin ces

Atlantic continental provin ce

Continental Eastern Siberian province

Pacific For est province

A ualanchc dangerous region

13. Forest and mountainous-tundra of Northern Urals
14. Mountain ou s-tundra of Southern U ra ls
15. Taiga m ountains of th e East-Tuva Pl at eau and

Tannu-Ola
16. Enisey tai ga ridge
17. Cherskiy Rid ge and Vcrkhoyan-skiye north-taiga

and tundra mt s.
18. Yano-O im yakonskoye and Yukagiro-Al azeisko y

and n orth-taiga u plands and platea ux
19. N or thern -Ba ikal and Patom sk oye taiga plateaux
20. T aiga and tundra of Stanovoy e Plat eau and

Stanovoy Rid ge
21. Transb aikal taiga and fo res t-s teppe mid- and low

mountain relief
22. Stanovoy Ridge and Stanovoye Plateau
23. Inner regions of Kamch atka (mountainou s-tundra

forest Median Ridge)

I V . So uthern mountain ous belt w ith avalanches of neioly [allen snow, w ind slabs and aduecticc
avalanches

Atlantic-c ontinen tal fo res t province
Atlan tic-c ontinen tal ste ppe pr ovin ce
Highm oun tain ou s west ern prov ince
W este rn-T ra nscaucasian pro vince
Eastern-Tran scaucasian province
Mountain ous Kopet-Dag pro vin ce
Mountain ou s Pamirs-Alay pro vince

Highmountainous Tien Sh an prov ince

Cont ine n ta l Mid-Asian province

Mou nt ainou s A lta i rnd Sayan prov ince

Monsoon fores t province

24.

25.
26.

27.
28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40.
41.
42.
43.

East ern Carpathians
Mountainou s Cr imea
Great Ca ucasus

Minor Caucasus
Djavakh et sk o-Armenian vo lca nic steppe plateau
Kopet-Dag
Gissar o-Alayskaya sy st em
Western Pamirs
Eastern Pamirs
W est ern Ti en Shan
Northern T ien Shan
Cent ral Tein Sh an
Dju ngar ian A latau
Tarbagatai
Northern Altai
South-west ern and north-eastern A lta i
Central Altai
Kuznet sk Alatau and M ountainous Sh ori ya
Western and Eastern Sayan
Khingan o-Bureinskiye Mountains

V. pacific and seaside regions with avalanches of wet SIlOW d rift and sharply stratified SIl OW

Pacifi c su barc tic province 44. Mounta ins of Chukot skiy Peninsul a
45. Ea st ern part of the K or yak sk oye P late au

Monsoon fo res t provin ce 46. Northern and n orth-east ern sh ore of the Sea of
Okhot sk

Pa cific for est province 47. Kamch a tk a-Eastern rid ge so uthe rn vo lca nic region
48. Vo lca nic reg ions of th e Kurile Isl es

Monsoon fo res t provin ce 49. Sakhali n W estern-Sakh alin and East ern-Sakhalin
Mountain s

50. Djugdjur Ridge (eastern s lopes)
51. Sikhote-Alin and Primor ye
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Fig. 2. The scheme of the CSSR division in accordance with prevalent types of avalanche formation.

I. Arctic regions with snow drift and insolation avalanches. II. Northern regions with avalanches of
snow drift and newly fallen snow. III. Innercontinental regions with avalanches of sublimation diaph
thoresis. IV. Southern mountainous belt with avalanches of newly fallen snow, wind slabs and advective
avalanches. V. Pacific and seaside regions with avalanches of wet snow drift and sharply stratified snow
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display on our planet. He wrote: "Similar to fauna and flora distribution and in con

trast to a great number of minerals, water displays on the surface of our planet subjected

to geographical conditions. They depend on the geographical location on the surface

of the globe on the planet position with respect to the sun.

Therefore the basis of our scheme is the physicogeogrophical division of the USSR

into districts.

In this division account was taken on the opposite types of development of snow

cover in the direction of compression (with prevailing settlement) and the development

directed towards loosening (with prevailing sublimation recrystallization) leading to

sublimation diaphoresis.

Predetermination of the two types of recrystallization into the stage of early

diagenesis is connected with the fact that there is no place for sublimation increase of

grains in the snow compressed by wind. In snow with great porosity and air

permeability the process of accumulating recrystallization is under way, leading to a

rapid increase of large crystals, deep hoar frost. Geographical conditions are quite

distinctly reflected in the types of stratigraphic cross sections.

1) Snow-drift avalanches* occur during strong snow drifts when much snow is

accumulated on the leeward slopes. An overburdening of snow leads to a loss of balance

of the snow layer on the slope and to avalanching. In a stratigraphic cross section of

snow layer a powerful layer of drifted snow, deposited on the surface of old snow is

observed which contributes to the occurrence of snow drift avalanche.

2) Insolation avalanches* occur under the effect of solar rays heating a friable

snow layer, which overlies wind packed snow or an ice crust. Thawing leads to the

appearance of water in the foundation of a 10-15 em snow layer. In case of a thin ice

crust existing on the snow surface there often occurs a greenhouse effect leading to a

melting away of 10 ern snow layer and also producing an insolation avalanche. Inso

lation avalanches occur on the slopes of southern exposition.

In a stratigraphic cross section of the snow cover a thin transparent crust may be

usually observed on the snow surface or buried ice or a thin firn crust which serves as

a base for the insolation avalanche of snow layer.

3) Avalanches of newly fallen snow*. The depth of snow cover rapidly increases

during abundant snow falls. The new snow, falling on the surface of old snow does not

remain there and slides away forming an avalanche. Especially a fast increase of the

height of snow cover is observed in the mountainous regions with a Mediterranean Sea

type of climate.

In a stratigraphic cross section of snow layer newly fallen cohesionless snow of

considerable thickness is observed overlying the old snow.

4) Avalanches of sublimation diaphthoresis* occur with high temperature gradients

within a snow cover of large porosity and air permeability. In these conditions an

intensive process of accumulative recrystallization takes place leading to the occurrence

of powerful -0.5 m and over- horizons of deep hoar frost along which avalanching

occurs.

* Terms introduced by V. N. Akkuratov.
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In a s tratigraph ic cross section a loose horizon IS d istinctly observable consisting

of large ampullaceous crystals of de ep hoar fro s t.

5) Advectiue aualanches» occur under conditions of advection of warm and humid

air . An ac tive mel t of snow cover takes place irrespective of the slope exposition but

with respect to ca rdinal points. These ava lanches show a rapid appearance especially if

with in the snow layer there are ice cr usts whe re thawed water accumula tes and forms

a wa ter layer there.

6) Wind slab avalanches con sist of highly compacted sno w which is in a st at e

of strong stress. The stress of wind slab is so high that on e can hear a rumbling noise

sometimes while wa lking on it. F irst this avalanche slid es as a mono lithic pla tfor m but

af terwards it is bro ken in to a number of acute angled p latforms. The thickness of wind

slabs reaches 2-3 m.

In the u pp er part of the stratig ra phic profile a powerful wind sla b is ob served un der

which th ere is a weak horizon of deep hoar frost.

7) Avala nches of sharply stratifi ed snow occu r 111 th e process of format ion of

snow layers under the condition of co ld wi nters combined with deep thaw s, ice-crusted

ground and eve n liqu id precipitation .

In the st ratigraphic snow cover profile there are numerous ice and wind crusts alon g

the surface of which avalanching takes place. Such stratification of snow occurs u nder

the conditions of intensive cycl onic activity.

The re lationship between th e ge og raph ical situation and the mo de of snow cover

dev elopment (in accordance with the compacting or loo sening type) made it po ss ible to

distinguis h five types of ava lanche systems.

II. Arct ic Regions wit h Snow Drift and
Insolation Av a la nches

The Arctic regions ar e loca ted northward of 70oN. Su ch a localit y defines th e

physico-geographical and climatic peculiarities . T he isles of th e Arctic Ocean are in th e

Arctic climatic zone characterized by a specific radiation pattern (replacemen t of polar

night by pol ar day), by peculiarities of at mospheric circulation (in winter , western and

eastern sectors are regi ons of frequent cyclon ic invasions ; central sector , the reg ion of

anticyclon ic development). T he main features of the co ld period are as follows : its

durat ion (8-9 months), moderat ely severe winter (temperatu re in January is from - 13

to - 32°C , low quantity of winter precipitates (the h ig hest 10 day ave rage snow dep th

in Ap r il-May reaches 30 ern in eas te rn and 80 ern in we st ern regions ). S trong winds

associated with cyclon ic activity carry warmth and precipitates. The winds of southern

and eas te rn poin ts in the Atlantic sector and those of northern points in the Pacific

sector are very stable and reach high ve locities often tr ansform ing in to air turbulences

of gale force . W ith low temperatures and a thin snow cov er occurring irregu larly the

sn ow is strongly compacted (up to 0.4 g/cm3
) or retransported under the effect of strong

winds. Snow dr ift transport in the Arctics reaches enormous quantities since the ground

wind begins with a w ind velocity of 5 -7 m/sec. Cyclonic inv as ions in the western and

eas tern sectors lead to a shar p increase of tem peratu re up to 25°C per day. Thaws
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however seld om oc cur here, whe reas on the Severnaya Zemlya and on Novosibirskiye

Isl es no thawing is seen.

Being within the limits of th e European-Asian she lf the arc t ic isles are of a different

geomorpholog ical appeara nce owi ng to different geolog ica l struc ture and age. The com

mon fea tures in the reli ef are the small absolute hei ghts (the highest point is 1590 rn,

the Novaya Zemlya) and a wide developmen t of g lac ia t ion , co mpr ising 78 % of the entire

glaciation area in th e USSR. A n alpine type of rel ief is observed only on the Novaya

Zemlya; a hi ghly rugged mid-mountainous relief occurs on the Novaya Zemlya and on

th e Vrangel Island ; eleva ted pl atform-like surfaces with steep precipitou s edges, covere d

with ice domes, as we ll as skerries and nunatakes are ch ar ac teristic of the Fran z-Joseph

Land and Novosibirs kiye Isles . Se pa rate table mountains ri sin g over the flat planes are

typi cal of th e Novos ibirsk iye Isles .

The per iod of avalan che dan ger in th e A rct ics sta r ts af te r continuou s snow fa lls which

is typical only for the Atlantic and the Pa cific sect ors; it is also the result of intensive

wind transport which is a ch ar act eristic limited to these regi ons as well ; the most pow

erf u l avalanc hes fall during th e spr ing th awing ; wet avalanc hes fr om gl aciers reach

maximum sizes. In th e S iberian sector (Novosibirsk iye Isles) avalanc hi ng is possible in

the middle of wi n te r whe n sn ow masses slide on th e surface of weak horizons of snow

met am orphosed by sublima tion recryst all izat ion .

III. Northern Regions with Avalanche of Snow
Drift and Newly Fallen Snow

Regions wi th avalan ches of snow drif t an d newly fall en sno w are locat ed in th e

mou nt ainous massif s of tu nd ra, forest -tundra and northern ta ig a zone of th e Extre me

North of th e USSR These are mountain ma sses of th e Kolsk y Pe n ins u la, (K h ibins ,

Monchetundra, Chunatundra, Lavozerskiye tundras), Polar and Prepolar Urals, Byrranga

Mountains on the Taimir Peninsula, th e Putoran Mountains in th e North of the Middle

Siber ia , Mountai ns of th e North-E ast o f th e U SSR (Okho tsko-Ko lymskoye Plat eau,

Anuysko-C h uko tskiye Mountains and th e wes tern pa r t of Koryak sh iye Mo un tains).

The Extrem e No rth of th e USSR ow ing to its ge og raphical positi on in high lati

tudes and its closen ess to th e Arc tic Ocean is cha rac terized by th e utmost seve r ity of

climate with very lon g , cold, snowy and windy winter, which causes a long duration of

avala nche dan ger period (fr om 7 to 10 months) and a high intensity of snow drift pro

cesses which are one of th e main reason s of formation and fall of ava lanches here.

The cl im at e of the northern reg ions of th e USSR is mai nly subarc tic, but due to the

eno r mous co ntine n ta l ex te ns ion of Nor th fro m W est to East , th e climat es of it s wes te rn,

central and easte rn regions have their essent ia l di ffere nces .

The climat e of the northern regions of th e E uropean part of the USSR is ess en 

ti ally influen ced by air masses br ought fr om the Atlantics which is first of all di splayed

in an incr ease of the ai r humidity and in a ri se of cyclo nic activity which g uarantees a

conside rable amount of pr ecipitat ion during the who le yea r es pecially in th e mountain ou s

reg ions .

T he climat e of Midd le Si beri a is formed under th e influ ence of arctic air masses
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and the Asian maximum which makes the climate of these regions strictly continental

and more severe.

The climate of the North-East of Siberia has the features of a sea side climate due

to its being formed under the effect of Pacific air masses. The position of the region

on the boundary of the zones with strictly pronounced climate of continental and seaside

types defines an increased cyclonicity here accompanied by frequent and strong snow

drifts and abundant snowfalls in winter.

During the winter time the thickness of the snow cover in the northern regions

reaches 60-90 em on an average while in the Byrranga Mountains it reaches about 30 cm.

Snow drift formation processes lead to a redistribution of the snow cover causing

a concentration of enormous snow masses in avalanches on the leeward slopes and a

formation of powerful snow benches on plateau brows. In the Polar Urals there are

100 days with snow drifts in winter, while in the Putoran Mountains there is snow drift

ing for about 20-45% of the winter period. The mean velocity of winter winds is

6-7 m/sec, the maximum velocity exceeds 40 m/sec.

The relief of the mountainous regions of the North of the USSR is characterized

by small absolute and relative heights and by a prevalence of mid-mountainous and low

mountainous types of relief with a wide distribution of plateau-formation and dome-like

elevations. Absolute heights reach 1000-1200 m on the average and only small massifs

of the Polar and Prepolar Urals, the Putorans, Anuyskiye and Koryakskiye Mountains,

rise up to 170-2000 m. The depth of ruggedness of low mountains is 100-300 ill

on the average with mean mountains up to 500-700 mand the maximum up to 1000 m.

The slopes of plateaus and especially of river valleys are often covered by a dense net

of ravines contributing to the formation and fall of small chute avalanches after abun

dant snowfalls. Extensive plateau surface favouring the intensive development of snow

drifts, supplies enormous masses of snow, transported to the leeward slopes based on

which most powerful snow drift avalanches and snow slopes are formed.

IV. Inner Continental Regions with Avalanche
of Sublimation Diaphthoresis

Mountainous rrgions of moderate latitudes, located in the central part of Eurasia,

are far from ocean shores, which explains remarkably pronounced continental climatic

conditions. The regions begin with the Northern and Southern Urals, the mountains of

North-East and Southern Siberia including Stanovoye and Aldanskoye Plateaux up to

the inner regions of Kamchatka belong to this group (the Median Ridge and Ganal

Ridge). A large extension from West to East is one of the reasons of continentality of

different degrees. On the whole, however, climatic conditions are characterized by

homogeneity which determines the general type of avalanche processes.

In winter a larger part of the territory is occupied by an area of high atmospheric

pressure, the central part of which is located above Mongolia and the Transbaikal Region.

During the entire winter cold continental air is prevalent, formed mainly as a result of

transformation of arctic air masses. Therefore for winter months low air temperatures

and the absence of thaws are typical. During the cold period a small quantity of
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precipitation is seen, amounting to abo u t 20-25 % of th e an nua l amount. The principal

mass of precipitation (60 - 80 %) is supplied by wes te rn air masses during an enhancement

o f th e process of th e atlantic air tr an sport in the summe r period . The distribution of

atmospheric precipitation wi thin th e territory is st rongly influenced by the mountainous

relief. The largest amout o f pr ec ipitation in the mountains of the Urals and Southern

Siber ia falls on the wes tern s lopes of th e mountainou s ridges which capture the air

masses of the Atlantic Oc ean as well. In the mountain s of th e North-East the wettest

is th e mountain slopes turned to th e wet air masses of th e Pacific. The height of th e

snow co ver varies from 10 to 150 cm.

The essent ia l redistribution o f solid precipitates is pr eformed by wind whose velocity

mark edly increases with th e increase of absolute height. A t th e peaks and pa sses st rong

w inds (up to 35-40 m/sec) and sno w stor ms often occur . Retran sported by strong

mo un ta inous winds snow fills can yons and accumulates inde pre ss ions. The depth in

suc h places sometimes reach es seve ral meters. In the winter period precipitated sno w

is ch ar acterized by great loos en ess and mobility. Snow benches and peaks up to 10

12 m of thickness and about 100 m of strike are formed along th e crests of valley slopes

and in ava lanches. With low winter temperatures in th e sno w cover powerful horizon s

o f deep ho ar frost occur leadin g to an unstable s ta te o f sno w on the slopes.

T he rel ief of innercontinental regions of the mountainous belt is d ifferent to a large

ex te nt. Several main types ma y be distinguished which pr ed et ermine avalanching ;

1. Hi gh-mountainous alp ine relief in the regions of intens ive elevat ions at heights o f

more th an 2 000-2200 m wh ere s te eply sloped narrow cres ts are widely spread. The

steepness of slopes is more th an 30°.

2. Mid-mountainous typ e o f th e reli ef occupying more than 60 % of the area , was

formed as a result of erosive di ssection of old smoothe d surfaces . The height o f mid

mountainous massif s is from 800 - 1 000 to 2000 m. T he relati ve height is fro m 200 to

600 m . The slo pe steepness is from 10° to 25°. Av alanc h ing takes place along ero ded

and denuded trench es.

3. Hi ghly elevated plateau s and massrve uplands, di ssected by river valleys along the

stee p slopes on which ava lanc hing oc curs .

Lar ge seismicity (fr om 8 to 10 units) of certain mountainous regions (Baikal moun

tainous chains , the mountains o f North-East) is on e of the principal reasons of mass

ava lanc h ing .

V. Regions of the Southern Mountainous Belt with Avalanches of
Newly Fallen Snow, Wind Slabs and Advective Avalanches

Mountainous regions, bordering th e USSR territory along its southern boundar ies

and including the Ea st ern Carpa th ians , th e mountainou s Cr ime a, the Caucasu s, th e

mountains o f Middle Asia and A ltai Sayan mountainous area, are located southward o f

55' N wi thin th e limits o f mod erat e and su btro pica l clima tic zone s. The climat e o f

mount ainou s are as of moderat e zon e - the Carpathians , Northern Caucasus , Tien Sha n,

Altai and Sayan- is for med un der th e effec t of circ ulat ion pr ocesses, developing in th e

So u th of the Ru ssian plain , ove r th e W est ern Siberia an d Kazakhstan . Cyclonic activity
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and precipitation u nder the influence of th e r elief increase and the influ ence of th e Atlantic

Ocean lessen ing fro m we st to east , which is the main mois ture supply , flam es up in

th e mountains ascending above the surrounding p la ins with a new fo rce . The climate

of mountainous regions of the subtro pica l zone -of the southern slope of the B. Caucasu s

and Trans-Caucasus, Kopet-Dag and Pamirs-A lay- is formed under th e influence o f

cyclonic activity of Minor Asian and Irani an fronts .

The most essentia l (fro m the standpoint of avalanche for mat ion) common fea t ures

of the cl imate of the so uthern mo un tainous bel t are as foll ows :

a) A la rg e amou nt of precipita tion and considerable dep th of snow cover (100 

300 em ) in connection with capturing the western airst ream moisture ;

b) Consid erable differenti ation in precipitati on d istribution , increa sing eastwards

whe re a small dep th (10- 20 ern) and some times th e ab sen ce of snow cover is typical

for th e leeward slopes , inner-m ountainous plateau s and inter-mountain ou s basis ;

c) Comparativel y mi ld temperature condit ions of the wi nter period connect ed with

the location of terri to r ies. This is especia lly ch arac ter istic of the western an d cen tral

par t of the zone - the Carpa thia ns, th e C ri mea, th e Caucasu s , th e Pamirs-A lay and the

we st ern Tien Shan- where in win th er fr equent are oscillations of temperature about

O°C and deep thaws contributing to moi sturing of snow co ve r and wet ava lan ching;

d) F oeh ns , favour ing the occur re nce of th aw s and ava la nche da nger mak e th eir

appea rance wh ile in eastern r egi ons foehns ca use the terminat ion of th e snow cover in

the va lleys;

e) Snow drift transport whose r ole weakens in the eas te rn region s.

An en ormous exte nsion o f a so u the rn mountainous belt from th e we st towards th e

ea st and an ass oc iate d decrease of th e in fluence of western A tl ant ic air masses an d an

increase of o the r effect s -conti ne ntal air ma ss es of Centra l Asia and arc t ic invasions

cre ate s differences in climatic condi t ions of mountainous co un tr ies . For th e E uropean

part of the belt , the me diterranean sea type of the cl im ate is typical with maxi mal w inter

precipi ta tion and m ild temperature , while the eastern regions are subjected to sig nifican t

conti ne ntal influe nces o f Central Asia an d also ar e under th e influen ce of invading arctic

masses . Ther efore , Tien Sh an , Zai liysk y A lata u . A ltai and Sayan s show a slig h t ap 

pr oach to th e in ne r co n tine ntal si tuat io n with respect to av alanches . They differ fro m

west ern region s by th e decrease of the role of sno w dri ft transp ort of which zon e is

lim ited only by the upper be lt of mo untains . Q u iet abundan t snowfalls , g reat er loosene ss

of snow than in the wester n r eg ions and , in co nnect ion with lower w inter temperatu res,

th e appearan ce of th e hor izons o f deep rime are typi cal.

F or mou nt ains of the sou the rn belt a wide dev elopment of the alpine typ e of th e

re lief is typical and a stro ng ly dissected mid-mountainous rel ief extre mely fav ourab le for

th e development of a den se network of powerful avalanch es is present. Owing to a

combinat ion of such a re lief with deep snow, mountains o f the southern belt are one

of the mo st avalanche dan ge rous r eg ions of th e USSR.

Es sen tial differences in avalan che dang er within mounta inous regions are co nne cted

with the pr esence of the removed pla teau s and inter-m ou nt a inous basin s - the hi gh

mountainous plateau of th e Pamirs, elevate d wate rs he ds of the Centr al T ien Shan ,

C hulishmanskoye Plateau , U ko k highland in th e Altai - which are remarkable not only
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in their relief but also in th e sha rp co n tine ntali ty of th e climat e as we ll. They are char 

acterized by a less degree of avalanc he danger and sho w a s till closer approach to the

ava lanc he type of th e inner con tinen ta l reg ions .

The most peculiar types of ava lanches in all th e regions of the southern mountain

ous belt are the wet ch ute avalanches and snow slips , the largest part of which is con

nected with spring warming, thaws and abundant snow falls as well as aval an ch es of

wind slabs fo r med duri ng snow compaction by wind .

VI. Pacific and Seaside Regions with Avalanches of Wet
Snow Drift and Multiple Stratified Snow

The Far East reg ion s of th e USSR which incl ud e mountai nou s re gion s with a

pecul ia r type of avalanc hes of we t S IIOW dr ift and multiple s trati fied sno w ar e located

along th e sho re s of th e Pacific and the Sea of Okhotsk and ex te nd to a great di stance

from th e po lar circle to 43°N . Large differences between the northern regions (Chukotsk

tundra mo un tains , th e Easte rn part of Koryak Pl at eau , taiga and tundra mountains of

th e sho re s of th e Sea of Okho ts k) and southern regi on s (Kamchatka, Djugdjur . P rimorye

and Sik ho te-Alin and th e Kurile isles) are pr ed et ermined not on ly by geographical lat i

tude but by th e climate as well. T he northern reg ions are locat ed in th e sub arct ic while

the so uther n ones are in mod erate zon es .

In th e mod erate zone th e cli mate is of a mo nso on cha racter whic h is most vividl y

defin ed in the Prirnorye , o n Sakhalin , on the Sea o f Ok ho tsk shore. Within th e limits

of the Djugdjur Ridge, but toward th e North-East, monsoon features of the climate

gradually weaken and ill Eastern K am ch atka only th e features of summer monsoon are

preserved .

The per iod of avalanch ing (Ja nua ry -A pr il) is cha rac terized by decreased tem peratures

(- 10, -15 to - 25'·C). Direc t clos eness of sea so ftens th e severity of th e wi nte r pe r iod .

In contrast to th e anticyclo nic cha rac ter of cir cu la t ion o f continen tal regions in th e ne ar

se a reg ion s of the Sea o f Okhotsk and the Paci fic. winte r is ra the r wi ndy. In the

Pr imorye th e wi nd veloc ity is 5 m/sec on th e averag e ; on the Sakha lin 10 m/sec; in

Kamch at ka and Kurile Isles from 14 to 40 m/sec .

In associa tion with the great d ifferences of th e regions descr ibed th e snow cover

distributes irregularly. In the southern half of th e Primorye and on the eastern slopes

of Sikhot e-Alin and th e Djugdjur Ri dges the depth of the snow cover reaches 30 - 40

and 70 -80 em respect ively and th e maximum acc umulat ion fall s we ll into the spring

months. O n Sakhal in , a t th e North o f th e Kurile Isles, in th e easte rn and so uth-easte rn

parts of th e Kam ch at ka. in the eas te rn half of th e Koryak Pl at eau and in th e Ch ukotsk

Mountain s the depth of th e snow cover reach es 150 cm and more th an 200 ern in the

lee and the snow rem ain s there not less than 200 days per year . In these regions

w in te rs ar e charac te rized by abundan t S II O W fall s, g rea t cloudiness and st ro ng winds, con

nec ted with cyclon ic ac tiv ity , develo ped on th e Sea of Ok ho tsk and th e Berring Sea and

on the Pac ific shore of th e Kurile isles and of Kamchatka. Frequent cyclones are ac

companied by thaws, so metimes rain s and snow dri ft s, which cau se the form atio n of a

multiple strat ified str uc ture of snow layers . Mass ava lanch ing is observed in January-
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Februar y in th e cyclon ic zon es (K amchatka, Kurile Isles, Koryaksk iye Mo untains ) and in

March-April in the regions with a monsoon climate (Pr irnorye , Sakhalin and others). In
th e regi ons described , mainl y we t ava lanc hes occ ur.

A qu it e co mplica ted reli ef of th e mountainous regi on s on the sho res of the Sea o f

Ok ho tsk and of th e Bering Sea is cre a ted by tectonic pa leo volca n ic processes, ancie nt

g lacia t ion and subseque n t erosio n . It is charac terized by deep dissec t ion (fro m 200 

300 to 1000 m), d en se erosion network , con sid er abl e steepness plop es (from 10°-120 to

302
) . The rel ief ch aract er defin es th e morphologic al types of avalanches among which

chu te avalanc hes and snow slips are wide ly develop ed.
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