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INTRODUCTION

There are large-scale problems that are of 
special priority for the countries o f  Central 
Asia. They are the problems of water and glo­
bal warming.

Predictive estimations o f  climate change 
and its probable consequences for the envi­
ronm ent,  population  and econom y are so 
unfavorable that the problem o f  estimation 
of current and forecasted climate changes has 
become one o f the first priority problems of 
the present time. However, there is another 
even more actual problem solution to which 
will affect welfare of the overwhelming part 
o f  the population o f our planet and possibil­
ities o f  sustainable development o f  national 
economies — it is the problem o f  ever in ­
creasing water shortage.

During the past decades the problem of 
water safety has been one o f the main prob­
lems in the system o f  sustainable develop­
ment of most of the countries in the world. 
A rather favourable situation with water sup­
ply o f the population and national economies 
at the beginning o f the 1950s [131] has been 
rapidly worsened during the following de­
cades. As early as in the 1960- 1970s research­
es in the framework of the o f global programs 
«International Geophysical Year — IGY» and 
«International Hydrological Decade — IGD» 
d iscovered unfavorab le  ten d en c ies  in the 
development o f  water sector and changes in 
possibilities o f  water supply o f people and 
economic enterprises on practically all conti­
nents. Since that time the problem of water 
safety has a ttracted  atten tion  o f scientists 
and international com m unity . The last de­
cade witnessed investigations in the frames 
of more than 50 programs directly or indi­
rectly aimed at solving the problems o f  wa­
ter safety. A m ong them  it is necessary to 
note the following large-scale programs:

— «World W ater Assessment Program ­
me» (W W AP) -  UNESCO ;

— «United N ations  D evelopm ent P ro ­
gramme» (U N D P) [163];

— « G lo b a l  E n v i r o n m e n ta l  F a c i l i ty  
(GEF)» -  W B,UN D P, UNEP;

— «Joint M onitoring Program m edM P)»  
-  U N ICEF, WHO;

— «Global Climate Observing System» -  
U NESCO , WMO, UN EP;

— «Water, Environm ent and Sanitation 
Programme (WES) — U N IC E F; [164].

— «Global International Waters Assess­
ment» (GIW A) [165] and «Global Environ­
ment Monitoring System, Freshwater Quality 
Programme (GEMS/WATER) [166] — UNEP;

— «Water resources,  deve lopm ent and 
m a n a g e m e n t  fo r  a g r ic u l tu r e )  [167] an d  
«Integrated Land and W ater management» 
[168] -  FAO;

— «Water Resources M anagement [169] 
and «Water supply and sanitation» [ 170] — WB;

— «International Hydrological Program ­
me» (IHP) [171]; and «Man and the Biosphere» 
(MAB) [172 ] -U N E S C O ;

— «Water, Sanitation and Health Prog- 
ramme»(WSH) [173] -  WHO;

— «Hydrology and W ater Resources Pro­
gramme» (HW R) [174] -  WMO.

Such attention to the problem of water 
is not occasional it is based on the following 
facts:

N ow adays  a lm ost 80 co u n tr ie s  in the  
world representing 40% of world population 
face serious problems connected with reduc­
tion of water resources. Conditions may wors­
en in the next 50 years as result o f  growth of 
population, global warming and changes in 
the sum of atmospheric precipitations [161].

One fifth o f  the world population does 
not have access to water supply o f drinking
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water and half o f  the world population do not 
have adequate access to sewage system. In 
Africa, Asia, Latin A m erica and countries 
of Caribbean basin about 1 billion of people 
do not have access to improved water supply 
and sanitary systems [102, 103, 161]. In Asia 
700 million people live without adequate wa­
ter supply and 180 million people or 60% of 
population  live w ith o u t  adequate  sanitary 
systems [144, 175].

By the estimates o f  group o f international 
experts deficiency o f fresh water will rapidly 
inc rease  with g ro w th  o f  p o p u la t io n  and 
economic development: in the period from 
1900 to 1995 water consum ption  increased 
6-7 times, which was 2 times more than the 
rate o f population growth during the same 
period. In 1995 total water intake in the world 
was 3750 km3/y ea r  and water consum ption 
was 2280 km3/year.  Taking into account per­
spectives o f  economic development, popula­
tion growth and clim ate changes water in­
take, by different estimations, may make from 
4600 to 7000 km 3/y ear .  It is also expected 
that by 2025 water usage will increase by 15- 
35% in developed countries and by 200-300% 
in developing countries  [131] and reaching 
of the «Goals o f  millennium» in providing 
people with d r ink ing  w ater will make the 
main expenses in all countries and will range 
from 10 to 30 billion US dollars a year [145,
161, 163].

Even now the overwhelming part o f  the 
territory of tem perate latitudes o f northern 
hemisphere, including Kazakhstan and neigh­
boring countries o f  Central Asia, is charac­
terized by dramatic water stress — the share 
of water resources usage has already over­
come 40% and is fur ther increasing at a rap­
id pace. By the same estim ations increasing 
water shortage may cause «a series of local 
and regional catastrophes which may lead to 
a global crisis».

The overwhelming part o f  the territory 
of Central Asian countries is situated in the arid 
zone which is characterized by deficiency of

drinking water. A typical example o f  area 
suffering from water deficiency is territory 
of Kazakhstan, one the least provided with 
water countries of Central Asia. The situa­
tion is aggravated by extremely non-uniform  
distribution of surface water resources both 
on territory and in time — from 70,000 m 3/k m 2 
per year in the southeast o f  the Republic to 
6,500-8,000 m 3/k m 2 per year in Central and 
N orthern  Kazakhstan, in low-water years, 
observed once in 20 years, water am ount may 
decrease by more than an order o f m agni­
tude.

During the last 15-20 years many scien­
tific papers were published whose au thors  
showed increasing concern about consider­
able reduction o f water resources in arid ar­
eas caused by ongoing global warming. By 
experts’ estimations as a result of global war­
ming water resources o f the Aral sea basin 
may decrease by 20-40% as early as in the 
next few decades. Similar results o f  progno­
sis estim ations were also obta ined  for the 
main watershed basin of Kazakhstan (basins 
of the Ili, Irtysh, and Ishim rivers) [65, 132]. 
One o f  the arguments justify ing  the above 
predictions is the unarguable fact o f  ongo­
ing intensive degradation o f m ountain  gla­
c ia tion : only  in the period from  1956 to 
1990 glacial resources in m ountains o f  Ka­
zakhstan and neighboring countries decreased 
by more than one third and is still decreas­
ing at a rate of about 1% per year [128, 143]. 
If these tendencies are preserved in future, 
then by glaciologists’ estimations glaciers in 
Kazakhstani mountains will practically dis­
appear by the end of this century  [156]. It 
may really make it necessary to review all 
systems o f water supply in the countries of 
the region as on going out form m ountains  
glacier waters make up to 25% o f annual flow 
of the main rivers o f the region and 50% of 
the flow in the vegetation period.

In the conditions o f  Central Asia esti­
mations of current and forecasted changes 
in the glaciation are very im portant because
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of two reasons. Firstly, glaciers are clearly 
seen indicators of nature reaction on c lim at­
ic changes -  temperature increase at a rate 
of less than 1.0°C per century turned out to 
be sufficient to reduce glaciation area in the 
m ountains o f southeast Kazakhstan by more 
than one third.

It is also important to estimate how cur­
rent degradation o f glaciation will influence 
river flow. In the conditions o f Central Asia 
it is one the first priority problem s if  one 
takes into account that according to progno­
sis estimations as a result o f  global warming 
water resources of the main rivers o f  Central 
Asia and Kazakhstan, including the A m uda- 
rya, Syrdarya, Ishim and Tobol, may decrease 
by 20-40% in the next few decades [65, 132].

This situation was the impetus for con ­
tinuing research under this project.

The main purpose o f the project was fo r­
mulated as follows: to estimate curren t and 
prognostic changes in glaciation and their 
potential impact on water resources in the 
foreseeable future. Am ong the main tasks o f 
the project the most im portant one is esti­
mation o f current and prognostic changes in 
ice resources and their possible im pact on 
w ater resources  in the foreseeable  fu tu re  
(their contribution to the river flow fo rm a­
tion).

From a scientific point o f  view im por­
tance o f investigations to be carried out in 
the framework o f this project is determ ined 
by the fact that they give an opportunity  to 
estimate current and prognostic tendencies

in glacier resources and their possible influ­
ence on the river flow and water resources o f  
the region. From a socio-economic point of 
view actuality of investigations in the fram e­
work of the project is determined by the pos­
sibility of using the results o f  investigations 
to correct practical actions in water resources 
management.

Taking into account the above priorities 
and tasks of research carried out under the 
project, this report m ust include not only 
the results of estimation o f current and fore­
casted dynamics o f glaciation but also de­
tailed consideration o f current and forecast­
ed climatic changes and main water problems 
in the region.
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1. PROBLEMS OF WATER AND WATER SAFETY

One o f  the main p roblem s o f  m odern  
world, solution o f which will influence wel­
fare o f the overw helm ing  m ajority  o f  the 
world population and sustainable develop­
ment o f  national economies, is ever increas­
ing water shortage [161].

Rational usage o f  water resources is one 
of the main com ponents  o f  the present-day 
strategy o f nature use and sustainable deve­
lopment at the national level, and the prob­
lems o f  jo in t  usage o f  transboundary water 
resources more and more often become rea­
sons for conflict situations and subjects of 
increasingly complicated international nego­
tiations.

In this respect the countries o f  Central 
Asia are not an exception. During the last 
decades the situation with water supply of 
the population and eco n o m y ’s objects has 
become much worse and it is caused by a 
number o f reasons [143]. Even now the econ­
omy of the countries in the region develops 
in the conditions o f  increasing shortage o f 
water resources [123, 134, 143]. A lthough 
usage o f explored ground water resources fa­
cilitates the situation with water supply of 
the population and economic objects o f the 
region, it does not solve the water problem 
as a whole.

About 40 % o f  the territory o f  five coun­
tries — Kazakhstan, Uzbekistan, Kyrgyzstan, 
Turkm enistan and Tajikistan — refers to the 
basins o f two closed water reservoirs — the 
Aral sea and Balkhash lake. A bout 80% of 
the population  lives in the basins and the 
overwhelming part o f  irrigated areas is con­
centrated in this area. It is not an accident 
that the water problem is very acute in the 
area and the problem of water supply o f po­
pu lation  and eco n o m y  is not on ly  ra ther

tense but also has a tendency to aggravation 
[78, 123, 143].

The difference in water reserves between 
the countries of the region is very high. The 
most difficult situation with water resour­
ces exists in Turkmenistan and Uzbekistan, 
80-90% of whose national economies depend 
on water resources coming along transbound­
ary rivers from the te rr i to ry  o f  neighbor 
countries: river flow resources of these coun­
tries make, respectively, only 2 and 10% of 
the river flow volume flowing to the territo­
ry o f  the  above coun tr ies .  Even now the 
am ount of water per capita in Uzbekistan is 
less than  2,500 m 3 per year. It shou ld  be 
n o ted  here  th a t  w a te r  a m o u n t  less th an
2,000 m 3 per capita a year is considered as 
very low and less than 1,000 m 3 /cap ita /year  
is estimated as extremely low [161].

The water problem in the region has two 
main components:

— increasing shortage o f water resources 
and as a consequence the necessity to im ­
prove the system of land-w ater  resources  
m anagement at all levels — from regional to 
local;

— worsening of water quality o f bo th  sur­
face and ground waters which becomes more 
and more obvious.

Difficulties in finding solutions to the 
problems of jo in t management of transbound­
ary water resources were clearly seen on the 
example of the Aral Sea, the area o f close in­
terweaving o f vitally im portant interests of 
Kazakhstan, Uzbekistan, Kyrgyzstan, Turk­
menistan, Tajikistan, Afghanistan and par­
tially Iran. According to the estimates o f  the 
regional specialists and international experts 
[134, 143] the problem of water resources 
m anagem ent is key to solving com plex of
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problems of sustainable development in the 
whole region.

In spite o f  the efforts o f  the governments 
o f  regional countries and international com ­
munity, the situation with water supply in 
the region remains tense and has tendencies 
to aggravate  each  c o u n t ry  [78,143]. T he 
causes o f  this s ituation are quite  obvious. 
Here is the list of the main causes:

— transboundary  character o f the main 
water catchment basins in the region, which 
makes solution to the problem o f  rational 
w ater resources  usage w i th o u t  in te r s ta te  
agreements impossible;

— imperfectness o f  the system of trans­
boundary water resources m anagem ent based 
on the principles o f  centralized regulation 
created in the Soviet period;

— low efficiency o f irrigation canals and 
limited material & technical potential o f  the 
region practically excluding possib ility  o f  
required large-scale reconstruction o f irriga­
ted systems, most of which are either com ­
pletely destroyed or need considerable repairs;

— low income o f  peasan ts’ households 
and agricultural collective farms, which prac­
tically exclude the possibility o f  large-scale 
introduction o f m odern water-saving tech ­
nologies in irrigated farming.

The situation is aggravated by regional 
problems, the most im portant o f  which are:

— lack of clearly formulated water s trate­
gies in the countries of the region and m utu- 
ally-acceptable legislative base for interstate 
usage o f transboundary water resources;

— lack o f m utually-acceptable criteria of 
interstate water division.

The main com ponen ts  o f  hydrological 
system o f  the Aral Sea basin are the two big­
gest rivers in the region — the A m udarya and 
Syrdarya. The overwhelming part o f  surface 
and ground waters o f  the entire Aral Sea ba­
sin is formed within water ca tchm ent area 
of these two rivers. Water ca tchm ents  areas 
of the Tedzhen, Murgab, Zeravshan, Kash- 
kardarya, Talas and Shu rivers orographical-

ly belong to the territory o f the Aral Sea ba­
sin. Their waters are fully taken for irriga­
tion or are lost in the pre-m ountain  valley as 
they do not have surface connections with 
the main waterways — the A m udarya  and 
Syrdarya.

Total resources o f  the natural river flow 
of the Aral Sea basin in the middle-water year 
are estimated at 116.5 km 3 [80, 134|. 43.4 % 
o f  these resources are formed on the territo­
ry o f Tajikistan, 24.4% -  in Kyrgyzstan and 
over 18.5 % -  in Afghanistan and Iran (Ta­
ble 1). The main volume of the Aral Sea re­
newable water resources is formed due to at­
mospheric precipitations in the cold period 
of the year. The main source o f river feeding 
are snow and glacier melt waters [134, 143].

Table 1. Average annual river flow  
in the Aral Sea basin, km3/year [80]

State
R iver basin Aral Sea Basin

Syrdarya A m udarya KM3 %

K azakhstan 2, 426 — 2,426 2,1
K yrgyzstan 26,850 1,604 28,454 24,4
T ajik istan 1,005 49, 578 50,583 43,4
T u rk m en is tan — 1,549 1,5N4 9 1,2
U zbekistan 6,167 5,056 11,223 9,6
A fg h an is tan  
and Iran 21,593 21,593 18,6
C h in a 0,755 - 0,755 0,7
T otal 37,203 79,280 116,483 100

Regional resources of ground waters in the 
Aral Sea basin are estimated at 43.5 km3/year, 
re so u rces  approved  for usage a m o u n t  to 
16.9 km3/year. At present, factual intake of 
ground waters in this area does not exceed
11.0 km 3/year,  it is mostly used for drinking 
water supply  (about 40 %) and irr igation  
(37 %) [143].

32-33 km3/y ear  o f  return waters, mainly 
presented by collector-drainage outflow from 
irrigated areas, are formed in the region. Most 
o f  this volume (86 %) is formed by discharge 
waters in the A m udarya basin. On average 
about 11 km 3 (over 33 %) of return waters 
are discharged to the natural depressions of

7



the relief and are practically w ithdrawn from 
economic usage. Only about 13-15% of total 
volume of discharged water is repeatedly used 
in irrigated farming [80, 134, 143].

Taking into account the above said, total 
resources of the surface flow of the Aral Sea 
basin in the middle-water year are not more 
than 148.5 km3/year, of which 116.5 km 3/year 
refer to the natural river flow and about 32.0-
33.0 km 3/y ear  refers to return waters. T ak­
ing into account unproductive water losses 
and depending on their volume in the m id­
dle-water year, water resources do not exceed
125.0-133.0 km 3.

Therefore one can say with a high degree 
o f confidence that natural flow resources in 
the Aral Sea basin are fully exhausted and 
now the economy of the region is develop­
ing in the co n d it io n s  o f  increas ing  w ater 
shortage. Even now total usage of natural flow 
water resources is equal to 130-150% in the 
Syrdarya basin and 100-110% in the A m u- 
darya basin [80, 143].

Over 90 % of regional water resources are 
used in irrigated farming and the main con­
sumer is Uzbekistan: about 54% o f  total wa­
ter resources o f  the Aral basin are used there. 
A bout 19% of regional water resources are 
used in Turkm enistan. Kazakhstan and Taji­
kistan use 11.3 and 12.3 %, respectively. Mi­
nimal fraction o f water resources — less than 
4% — is used in Kyrgyzstan [143].

According to estimates, potential water 
requirements in the Aral Sea basin will amount 
to 106-112 km3/year in 2005, 108-114 km3/year 
in 2010 and 110-114 km 3/y ear  in 2025, which 
in the conditions o f rational water resources 
m anagem ent is quite attainable [133]. H ow­
ever, in the context o f  perspective develop­
ment o f  water econom y there are some fac­
tors that may play a negative role in regional 
water resource management:

— tendencies to reconsider the existing 
system o f  in terstate  water division and to 
consider water as a good by moving forward 
dem ands o f payment for water inflowing to

the territory of other states, which are more 
and more actively expressed in Kyrgyzstan 
and Tajikistan;

— implementation o f plans o f construc­
tion of new large water storage reservoirs in 
the Amudarya basin, which along with pos­
itive effect (generation o f additional electric 
energy, better possibilities for flow regu­
lation) may cause  con f lic t  in the  system  
hy d ro p o w er  — ir r iga tion  — ecology with 
repletion if dramatic ecological and socio­
economic consequences o f  power regime of 
Tokhtogul water storage reservoir in the Syr­
darya basin;

— intentions of further increase of irrigated 
areas in the countries, which will inevitably 
cause additional water intake for irrigation;

— probable fu ture water dem ands from 
Afghanistan.

In the condition  th a t  it becomes more 
and more obvious that the problem of the 
Aral Sea water resources m anagem ent be­
comes a vitally im portant problem, solution 
to w hich in fluences  not only  sus ta inab le  
ecologically-balanced region development but 
also the issues o f national and regional secu­
rity.

The situation in Balkhash-Alakol region 
cannot be considered as more favorable. N eg­
ative processes typical o f  the Aral Sea basin 
are to this or that  extent presented in this 
region. In spite o f  agreements between Ka­
zakhstan and China, fast rates of population 
growth in the near-boundary areas o f  China 
and plans o f water-power resources usage in 
the Chinese part o f  the Ili river [12, 49] make 
perspective of dramatic flow reduction from 
the territory of China inevitable. Hence, the 
probability that situation in Ili-Balkhash re­
gion will develop according to the Aral sea 
scenario increases.

Practically not less acute is water prob­
lem in Western China — Sintzyan-U igur au ­
to n o m o u s  region. T o tal  re sou rces  o f  the 
Sintzyan river flow in a middle-water year 
am ount to 88.5 km 3/y ea r .  52.5 % o f  them

are formed in Tien Shan mountains, 29.4 % — 
in Kun-Lun and 29.4 % in Altai and Dzhun- 
ghar Alatau mountains. These resources are 
equally divided between Southern and North­
ern Sintzyan. Chinese part o f  the Ili river is 
situated within N orthern Sintzyan, on this 
area over 70% of renewable water resources 
o f  this transboundary  river are formed. T ak­
ing into account river waters inflowing from 
the territory of o ther countries total natural 
flow resources o f  N orthern  Sintzyan are es­
timated at 43.9 km 3/year.  22.1 km 3/y ea r  of 
this volume inflows to Kazakhstan by the 
Irtysh, Ili and Emel rivers, therefore water 
resources  o f  N o r th e rn  S in tzyan  are on ly  
equal to 21.8 km 3/y ea r  [49]. Practically all 
river water resources o f Northern Sintzyan 
belong to two water ca tchm ent basins o f  the 
Ili (17.0 km3/year) and Irtysh (11.9 km 3/year)  
rivers.

As well as in Central Asia the overwhel­
ming part of Sintzyan river flow (up to 70%) 
is formed by melting o f ice-snow resources 
and 75% of annual river flow refers to the 
period from June to August. Annual renew­
able water resources o f  ground waters are 
equal to 39.5 km 3; only 7.1 km 3/y ear  (18 %) 
com es from m o u n ta in s ,  the  m ost  par t  is 
formed due to filtration from 'surface water­
ways, water reservoirs and especially from 
irrigated areas. Total resources o f g round 
waters are equal to 57.2 km 3/year,  o f  them 
only 25.2 km3/year  are reachable for explora­
tion. However, in the early 1990s only 8% of 
the above  m e n t io n e d  v o lu m e  was used ,  
though the num ber o f drilled wells was over
2000 at th a t  t im e [48]. In c rea s in g  w ate r  
shortage and progressing pollution of upper 
horizons o f ground waters makes it neces­
sary to use ground water o f  artesian basins 
from depths of 200 m, and more.

The situation in this area is similar to 
that in the Aral basin countries: in 1991 84% 
of total river flow were used. The rest 16% 
make emergency reserves needed to support 
ecosystems of meadow forests in the river

lower flow and to oppose ever increasing de­
sertification processes. As early as in 1993 
the fraction o f agricultural water consum p­
tion was 94% of used water resources [49].

The problems of water resources usage 
in the CIS countries — big water losses (up 
to 50%) in irrigation systems, big water con ­
sumption per 1 hectare and crop unit, dom i­
nating archaic watering technologies — are 
well known in Sintzyan. Degradation o f  nat­
ural landscapes and desertification in this area 
acquire as threatening scales as those in the 
Aral Sea region. C onflic ts  between water 
consum ers in the upper and lower river flow 
are also acute, in the field o f water consum p­
tion the conflict between the interests o f  ir­
rigated farming, on the one hand, and indus­
try  and  m unic ipa l services, on the  o th er  
hand, becomes more aggravated [49].

The problems o f  Kazakhstan water sa fe ty  
are determined by various factors o f global, 
regional and national character. Caused by 
global climate warming dramatic (by 20-25%) 
reduction o f renewable water resources and 
unfavorable changes in the river flow regime 
may lead to the necessity o f large-scale revi­
sion o f water supply system and cause ag­
gravation o f socio-economic situation in Ka­
zakhstan and neighbor countries with threat 
to regional security.

Real risks are related to solution to the 
problems o f interstate usage o f t ransbound­
ary water resources. Risk factors o f national 
level include:

— imperfectness o f the water resources 
m anagem en t system at national and local 
levels;

— insufficiently developed infrastructure 
o f  water economy sector, primarily, irriga­
tion network and water supply system;

— necessity to solve problems o f water 
supply of population with high-quality drink­
ing water;

— necessity of rehabilitation of destroyed 
systems and their recognition as equal con­
sumers o f water resources.
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The territory o f Kazakhstan has 8 main 
water catchment basins, the flow from which 
fo rm s renew ab le  w ate r  re so u rc e s  o f  the  
country, they are Aral-Syrdarya, Balkhash- 
Alakol, Irtysh, Ishim, N ura-Sarysu, Tobol, 
Ural-Caspian and Shu-Talas basins. Six of 
the above basins are transboundary.

Total river flow resources of Kazakhstan in 
the middle-water year are equal to 100.5 km 3 
(Table 2), o f  which only 56.5 km 3 are formed 
on the territory  o f  the R epublic ,  w hereas 
44 km3 inflow from the territories o f  neigh­
bor coun tries :  C h in a  -  18.9 k m 3 (Ili and  
Irtysh rivers), Uzbekistan -  14.6 km 3 (Syrd- 
arya), Kyrgyzstan -  3.0 km 3 (Shu, Talas, 
Arys) and Russia -  7.5 km 3 (Ural, Tobol).

To some extent risk factors for water sec­
tor sustainable developm ent are extremely 
irregular d is tr ibu tion  o f  surface water re­
sources over the territory o f Kazakhstan and 
high year-to-year flow variations. Over 60% 
o f  river flow resources o f  the co u n try  are 
formed in two basins -  Irtysh and Balkhash- 
Alakol basins, whereas the fraction o f  three 
basins of Central and Northern  Kazakhstan 
is only 6% of the total volume and in low- 
water years there is practically no river run ­
off  in this area (Table 2). In h igh-water years 
river runoff  may three times exceed the norm

and in low-water years it is two times less 
than the average value. It is also necessary 
to mention territorial contrasts in runoff dis­
tribution within a year: about 90% of annual 
river flow volume in Central Kazakhstan re­
fers to the short period o f spring flooding, 
whereas 70% o f  annua l flow o f  m ountain  
rivers refers to the period of summer high- 
water, this river flow is mainly formed by 
snow and glacier m elting waters from the 
high-mountain belts area.

Approved reserves of fresh ground waters 
in Kazakhstan are equal to 15.83 km 3/year  
(43.38 mln m 3/day);  predicted ground water 
reserves with mineralization below 1 g/1 are 
equal to 33.85 km 3/y ea r  (92.76 mln. m 3/day).  
T he  p e rcen tag e  o f  th e i r  usage is 11.3% 
(1.7 km3).

Total volume of return waters is about 9 km3, 
but only about 2 km 3 of this volume is re­
turned to river network and may be consid­
ered as part o f  water resources. Other return 
waters are lost for evaporation and filtration 
and they partially used for pasture watering 
and the support o f  ecosystems [160]. It is 
impossible to fully use river flow resources 
for the needs o f  various economic sectors. 
Out of 100.5 km3 of river flow resources avail­
able for usage resources do not exceed 46 km3,

T able 2. River flow resources in Kazakhstan (km3/year) [ 97]

№ Basin The b a s in ’s area, 

th o u san d  km 2

A verage annual ru n o ff 
(50 % -s securities)

D rain  o f  shallow  years 
(95 % -s’ securities)

T otal

including

T otal

includ ing

Neighboring
coun tries

K azak­
hstan

N eighboring
coun tries

K azak­
hstan

1 A ral-Syrdarya 302 17,9 13,7 4,2 14,2 12,3 1,9
2 B alkhash-A lakol 386 27,8 11,9 15,9 17,8 8,2 9,6
3 Irtysh 333 33,5 8,0 25,5 19,7 5,1 14,6
4 Ishim 248 2,6 — 2,6 0,3 — 0,3
5 N u ra-S ary su 288 1,3 — 1,3 0,1 — 0,1
6 T obol-T urgai 370 2,0 0,3 1,7 0,3 — 0,3
7 U ra l-C asp ian 620 11,2 7,1 4,1 3,0 2,3 0,7
8 S h u -T a la s 168 4,2 3,0 1,2 2,8 2,2 0,6

T otal in RK 2715 100,5 44,0 56,5 58,2 30,1 28,1
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the rest o f  the volume is used for necessary 
ecological, water management, transport-en- 
ergy needs and sanitary water discharges and 
non-productive losses (evaporation, f il tra­
tion). In low-water years the volume of avail­
able water resources decreases to 26 km3/year, 
i.e. almost two times [160]. The above fac­
tors impose serious restrictions on the pos­
sibility o f  stable water supply o f national 
economy and make water sector development 
dependent on clim ate-driven variations of 
water volume of the main Kazakhstani Riv­
ers. Therefore with rather large water fund 
of the country  (550 km 3 )[ 160]) the s i tua­
tion in water supply and economy in Kaza­
khstan is far from being favorable and is char­
acterized by risk factors o f  all levels — from 
global to local. Shortage of water resources 
is experienced on the territory o f practically 
all water m anagem ent basins [111-113]. As 
?i whole, the territory o f  the country  water 
shortage in middle-low-water years (75% of 
full water volume) and low-water year’s wa­
ter shortage is 14 and 40%, respectively. The 
m ost d i ff icu l t  s i tua t ion  exists in C en tra l  
Kazakhstan where water shortage in low-wa­
ter years may reach 94-95%. It is a little less 
than (90%) in Ishim and Shu-Talas basins 
[97]. Such severe water shortage is one o f 
the most serious risk factors, primarily, for 
irrigated farming.

Shortage o f water resources may be cau ­
sed not only by climatically-driven year-to- 
year flow variations and differences in terri­
torial and within-year flow distribution but 
also by irregularities in the natural flow from 
the territory of neighbor countries and bad 
water quality. Acuteness o f the problem of 
water safety in Kazakhstan as well as in neigh­
boring countries is primarily determ ined by 
transboundary character o f all big rivers in 
the region. In Kazakhstan the Irtysh and Hi 
rivers in the east, the Chu, Talas, Syrdarya 
in the south, the Ural in the west, the Ir ty ­
sh, Tobol and Ishim in the north  are trans­
boundary rivers and the largest o f  them  —

the Irtysh and Syrdarya cross the borders of 
three or more countries. This is the main 
peculiar feature o f the region and one o f the 
main prerequisites of integration of efforts 
o f  Central Asia countries as a base for con­
flict-free and ecologically balanced usage of 
land-water regional resources.

Acuteness of water problem in Central 
Asian region is determined not only by eco- 
nom ically -unfavorab le  c lim atically-driven  
changes in water resources but also by other 
im portant factors:

-  sharply expressed asym m etry in terri­
torial distribution of natural river flow: the 
overwhelming part (almost 68%) of renew­
able water resources of the Aral Sea basin is 
form ed on the territory  o f  Tajik is tan  and 
K yrgyzstan , whereas m ost irrigated areas, 
where 90% of total river flow volume is con­
sumed, are situated on the territory of Uzbeki­
stan, Turkmenistan and, to some extent, in 
Kazakhstan. A similar situation is observed 
for the Ili basin -  the main waterway o f Bal­
khash lake: more than 70% of the annual river 
flow is formed in China;

-  the conflict between the interests o f  
irrigating farming and hydropower genera­
tion, solution to this problem may be ob­
tained at the level of presidents or govern­
m ents o f  regional countries;

-  drawbacks in the system of water re­
sources m anagem ent,  the consequence  o f 
which is low reliability o f  official in form a­
tion (for example, all five countries o f  the 
region provide information about decrease in 
water resources usage, which does not agree 
with the real situation), and unauthorized  
water intakes from water sources above es­
tablished limits;

-  h igh  y ea r - to -y e a r  c h a n g es  in river 
flow: m axim al annua l river flow m ay be 
1.5-2.5 times greater than the average a n ­
nual flow and minimal annual flow may be
2.0-2.2 times below the standard; it is one of 
the main reasons for economic losses in low- 
water years.
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The problem is aggravated by extremely 
unfavorable forecasts o f  climatically-driven 
variations of water resources, according to 
which already in the next few decades water 
resources due to global climate warming may 
decrease by 20-40% as com pared with the 
present-day ones.

Therefore the problem of optimization of 
t r a n s b o u n d a ry  w a te r  re so u rc e s  usage in 
Central Asia remains complicated and shows 
tendencies towards conflict. A considerable 
progress in this field may be achieved in the 
sphere of political rather than technical de­
cisions and it requires development o f a pack­
age of juridical agreements based on the fol­
lowing principles [143]:

— equal countries representation in inter­
state bodies fo r  transboundary water resources 
management;

- j u s t  designation o f water quotas and re­
gime o f operation o f water andpower-genera- 
tion objects;

— obligatory reim bursem ent o f m utual 
damage;

— taking into account interests o f the environ­
ment as an equal consumer o f water resources;

— equal availability o f information about 
hydrometeorological conditions in the area, vol­
ume and regime o f water consumption in each 
of the countries o f the region;

— equal rights and responsibilities fo r  de­
velopment o f the situation in the f ie ld  o f jo in t 
usage o f regional water resource.

T h e  p ro b lem  o f  i n t e r s t a t e  u sag e  of 
transboundary water resources of the Ili and 
Irtysh rivers becomes more and more com ­
plicated. Additional water intake from these 
rivers in the Chinese part of their basins will 
inevitably make the problem even more com ­
plicated, and if in the Irtysh basin it will cause 
only changes in the operation regime of the 
Irtysh HPPs cascade, in the Ili river basin it 
may really provoke development of the situ­
ation by the Aral Sea scenario. In these con­
ditions investigations o f contem porary and 
prognosis changes in snow-glacier resources 
become especially actual. One o f the main 
com ponents  of such research is glacier m on­
itoring with prognosis estimation of glacier 
dynam ics in the foreseeable fu ture  and its 
possible influence on degradation o f region­
al water resources.
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2. THE ESTIMATION OF CONTEMPORARY 
CLIMATE CHANGES

The problem of climate variations always 
attracted attention o f scientists bu t in the 
1970s it acquired a global character. The 1970s 
was the period when the signs o f  c lim ate 
changes became more and more pronounced. 
T h ey  were ex p re s sed  in m o re  f r e q u e n t  
droughts, catastrophic floods and wider range 
of year-to-year and season-to-season air tem ­
perature variations on the background o f gen­
eral increase in average seasonal and annual 
temperatures. In the same period scientists 
discovered increases in the concentration of 
so-called greenhouse gases — carbon dioxide 
(C 0 2), ozone, hydrofluorinecarbons, methane 
and other trace admixtures — in the a tm o ­
sphere. An unidirectional character o f  varia­
tions in the concentra tions  o f  g reenhouse 
gases (mainly CO,) and the underlying layer 
temperature were grounds for more confident 
conclusions that the increase in the C 0 2 con ­
centration in the atmosphere was the main rea­
son causing tendencies in climate w anning.

Forecasted climate changes caused by the 
increase o f greenhouse gases (mainly C 0 2) 
in the atmosphere and evaluation o f the cor­
responding respond o f the environm ent are 
so unfavorable that the problem of potential 
climate changes became one o f the biggest 
problems of the century. As early as the 1970s, 
international projects on climate problem s 
were developed under the auspice of the World 
Meteorological Organization. The results of 
investigations generalized in the report o f  
Interstate group o f experts were not op tim is­
tic: according to the estimates the global ave­
rage air temperature increased by 0.3-0.6 °C 
during the century and the level o f  the world 
ocean rose by 10-20 cm.

It is supposed that by the middle or the end 
of the current century CO, concentration  in

the atmosphere will increase by a factor of 
two and the rate o f  average annual tem pera­
ture growth will make 0.2-0.4°C for 10 years
[31]. As a reaction to warming boundaries of 
climatic zones will displace to the poles, which 
will cause corresponding changes in ecosys­
tems [14-16, 73, 79, 110, 146].

The results of investigations made in the 
recent years were p resen ted  in num erous  
publications. The authors o f the overwhelm­
ing majority of publications came to the con­
clusion about considerable climate warming 
during the last century. In the conditions of 
Kazakhstan the rates of increase of annual 
and seasonal temperatures of underlying air 
are m uch h igher than  the  average global 
values. During 100 years the average winter 
temperature on the territory o f  the Republic 
increased by 1.8° С and the average annual 
temperature — by 1.3°C [38, 45].

The au thors  o f  num erous publications 
connect this process with the tendency of 
CO, concentration increase in the atmosphere 
and forecast considerable climate warming 
in the next decades, particularly in Kazakh­
stan, with corresponding changes in the envi­
ronm ent unfavorable for the economy and 
considerable economic losses [26, 39, 46, 65, 
70, 101, 162]. The problem seems to have been 
solved; tendencies in the c lim atic  system 
development are obvious. However, in the 
problem of climate changes not everything 
is clear and unambiguous.

The results o f  earlier investigations [118,
122, 123] provide evidences which enable not 
to believe that increase o f C 0 2concentration 
in the atmosphere played a decisive role in 
climate changes and to suppose that there 
are some other reasons for changes in the 
underly ing  layer tem pera tu re .  One o f  the
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m ain  reasons  is an th ro p o g e n ica l ly -d r iv en  
change o f natural landscapes, which inevitably 
causes changes in water-salt balance o f active 
surface and leads to distortion o f natural fields 
o f  clim atic characteristics [90]. T he  role o f 
the type o f underlying surface and  relief in 
c lim atic  varia tions is seen quite obviously. 
T hus, positive deviations o f  m ean  m onth ly  
and seasonal tem peratures (averaged over the 
last 10 years) from the average standard values 
are m axim al in desert areas o f  Central Asia, 
whereas in the irrigated  areas tem pera tu re  
variations are sm oothed and  sometimes even 
have a slight opposite to the general tendency 
[146]. T he range o f variations o f the average air 
temperature depends on the type of underlying 
surface and in the conditions of Eurasia it may 
exceed 6°C [71].

M o s t  p ro b a b le  re a s o n  o f  w a r m in g  is 
co n s id e rab le  change o f  local conditions in 
the vicinity o f  stations o f  routine climatologi- 
cal measurements. O nce founded outside the 
dwelling area, during  the last 5-7 years due to 
urbanization  meteorological stations tu rned  
out to be on  the area o f  u rban ized  territories, 
som etimes even in the center o f  the city (for 
example, H M S  in A lm aty  and  observatory 
in Tashkent). It is quite natura l tha t  readings 
of the stations o f routine m easurem ents fixed 
distortions in  the natura l  trend o f  m eteo ro ­
logical elements caused by the influence o f 
dwelling area.

W a rm in g  in f lu e n c e  o f  a city  is a well 
known fact [1, 30, 59, 88, 93, 147]. According 
to some estimates [156] the increase o f city’s 
popu la tion  by 1 m ill ion  causes increase o f 
city’s air tem perature  by 0.3°C. C ity’s land­
scape considerably distorts natura l trend o f 
meteorological components and city’s climatic 
characteristics are quite different from those 
for the surrounding  territory. It is well seen 
on space images m ade  in the rm a l range at 
night time when solar radiation does not in ­
fluence the picture. O n  such photographs all 
more or less large populated  centers are out­
lined by a tem perature  field with clearly seen

boundaries. Figure 1, shows a fragment o f  such 
a photograph o f M oscow’s district. We see a 
clear contrast between the reflected tem pera­
ture over the city and surrounding area. The 
tem perature difference between the city and 
surrounding area may reach 3-4° С difference. 
P relim inary  analysis o f  such satellite images 
enables to conclude that the area o f heat spot 
is mainly greater than  that o f  the city and its 
configuration is not con-stant and depends on 
wind direction and probably on the structure 
of city’s heat supply.

Moscow

Fig. 1. Fragm ent o f a space image 
of M oscow’s district in therm al range

Observed temperature contrasts were re ­
vealed by special investigations [118, 122, 123].

T h u s ,  c i ty ’s in f luence  on  c l im a te  e le ­
m ents is a proven fact. It is obvious th a t  the 
c ity ’s w arm ing  influence on the  read ing  o f 
c l im a to lo g ic a l  s ta t io n s  d e p e n d s  on  local 
conditions  o f  the ir  location w ith  respect to 
the  source o f  th e rm a l po llu tion  — the  closer 
the station to the city, the greater the  effect. 
T here  are no grounds to  doubt th a t  during  
the  last decades the process o f  u rb an iza t io n  
changed  the  location o f  m ost clim atological 
stations with  respect to cities. As it was m e n ­
tioned above [118, 122, 123] c i ty ’s the rm a l 
influence on meteorological elem ents in  the 
v ic in i ty  o f  m eteo ro log ica l  s ta t io n  m a in ly  
depends on  its location with respect to the 
b oundar ie s  o f  the rm a l spot fo rm ed  by the 
city, specific features  o f  c i ty ’s lan d scap e ,
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o ro g rap h y  an d  w in d  d i rec t io n s .  A n o th e r  
im portan t factor influencing the ratio o f  tem ­
peratures in the system city-surrounding area 
is location o f  the meteorological station with 
respect to the irrigated areas and large water 
reservoirs. As special investigations showed 
in vast irrigated areas tem perature variations 
are sm o o th ed  and  so m etim es  have a sign 
opposite to the sign o f  the general changes in 
the region.

The next step o f  ou r  research was an a t ­
tem p t to de term ine  w h e th e r  configuration  
and area o f  the therm al spot caused by the 
in-fluence o f  urbanized areas remains c o n ­
stant in space and time. They turned out to 
change considerably from m on th  to month . 
It is clearly seen in Fig. 2 showing fragments 
o f  space images o f  one o f  Astana’s districts. 
It is seen that dimensions, configuration and 
location o f the thermal spot with respect to

06.02.03 21.02.0323.01.03

20.03.03 02.04.03 13.05.03

08.09.03 11.10.0301.07.03

13.10.03 25.05.04 09.06.04
Fig. 2. Fragm ents o f space images o f Astana made at night in a therm al range 

at various times (date o f shooting is specified under the images)
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fixed coordinates (center o f  the image) do 
not remain constant.

An analysis o f  similar space images sho­
wed that configuration and d im ensions of 
thermal spots change not only from m onth 
to month but also during a week. The most 
probable reason for such variations is varia­
tions in synoptical conditions and changes 
in wind directions. Such variations naturally 
influen-ce the data  o f  m eteorological sta­
tions. The distortions o f  natural fields o f  cli­
matic cha-racteristics are mainly determined 
by the station location with respect to the 
thermal spot boundaries. They are maximal 
when the m eteorological s ta tion  a ll-year- 
round remains inside the thermal spot and 
minimal when the station is only sometimes 
influenced by the warming c i ty ’s influence. 
This factor probably is the main reason for 
different values o f warming rates obtained at 
different meteorological stations. Thus, the 
coefficient o f  linear trend o f average annual 
temperature calculated by the data o f 54 long- 
row stations on the territory o f  Kazakhstan 
varies from zero to 0.37°C per 10 years, whe­
reas two stations (Tasaryk and Vannovka) give 
negative signs. In o ther words, differences 
between stations in absolute values o f average 
annual temperature rise during the century 
go up to almost 4°C within the territory of 
Kazakhstan [119]. In this respect it is inte­
resting to compare the data  for the territory 
o f Turkmenistan, which show that the aver­
age annual temperature for the period from 
1931 to 1995 increased by only 0 .Г С ,  and 
Kazakhstan, which show that mean winter 
temperature averaged for all territory o f  Ka­
zakhstan increased by 1.8°C during the last 
century and average annual tem perature in ­
creased by 1.3°C [38, 45]. The reason for such 
impressing differences (almost an order of 
magnitude) is that unlike Kazakhstan, where 
natural landscapes on the m ost part o f  the 
territory are considerably changed, the dom ­
inating landscape in Turkm enistan  is a hard­
ly «changeable» desert and populated centers

are mainly presented by small villages pro­
ducing small warming effect.

Even wider range o f variations o f the ave­
rage annual temperature trend coefficient — 
from 0 to 0.75°C/10 years — is observed in 
the permafrost zone in Russia [107]. The above 
discrepancies cannot be explained only by the 
differences in the data o f synoptic stations. 
Special and quite reliable researches showed 
that all Central Asian region including Ka­
zakhstan is the area o f simultaneous change 
of circulation epochs and unidirectional trend 
of meteorological elements, however, rates 
of  their variations in the mountains and on 
the valleys may differ and deviations of m onth­
ly values averaged for a ten-year period from 
the norm may even have opposite signs in 
the m ountains and on the valleys [146].

Further investigations, the results of which 
may be considered only as preliminary now, 
confirmed space-time inconstancy o f co n ­
f igura tions  and size o f  the the rm a l spots 
formed by the warming effect o f  urbanized 
areas and presence of quite stable and rather 
close dependence between the maximal tem ­
perature difference in the thermal spot and 
the surrounding area and the dwelling area. 
These results give substantiation for carry­
ing ou t separate estim ation o f  the role o f  
natural and anthropogenic components in the 
processes o f  climate variation and in troduc­
ing corresponding corrections in the data of 
the network o f monitoring stations. It is ob­
vious that investigations in this direction are 
very actual, and in case they give positive 
results  th a t  may considerab ly  change  the  
present-day concepts of current and progno­
sis climate variations. Taking into account 
target tasks o f the project, it should be stat­
ed that the above conclusions are very im ­
portant as they show that warming detected 
by the readings o f  a lot o f  stations o f routine 
clim ate observa tions does no t reflect real 
clim ate changes and  is only the  resu lt  o f  
accum ulated distortions o f the natural tem ­
perature field caused by warming effect of
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urbanized areas and anthropogenically-chan- 
ged landscapes, whereas the effect o f  green­
house gases on climate variations is not as 
strong as it is used to think [1 18, 122, 123].

We did not fully believe in getting a pos­
itive result when we tried to compare maxi­
mal difference of reflected tem perature (ra­
dio brightness) inside the thermal spot and 
on the surrounding area. However, it turned 
out that there is a clearly seen dependence 
between the temperature difference and the 
thermal spot area (Fig. 3).

As it is seen from Fig. 3 maximal tem ­
perature difference and hence maximal dis­
tortion o f natural tem perature background 
caused by the influence of urbanized areas 
(or an thropogenically-changed landscapes) 
may exceed 8°C. It is too big a value not to take 
it into account. The result presented in Fig. 3 
shows that in principle it is possible to solve 
the problem of separate estimation of natural 
and anthropogenic components in the tempe­
rature values registered by meteorological sta­
tions, which is very important for understand­
ing real climate changes and, consequently, 
their impact on the population and economy.

The results of investigations obtained ear­
lier 1118, 122, 123] enable to make the follow­
ing conclusions:

1. Considerable warming detected by the 
data o f  climate monitoring stations does not 
reflect real climate variations and is only the 
result of accum ulated distortions o f the na­

tural temperature field caused by warming 
effect of urbanized areas and an thropogeni­
cally-changed landscapes.

2. T he resu lts  o f  inv es t ig a t io n s  m ake 
grounds to doubt in the validity o f  conc lu ­
sions about the decisive role o f  greenhouse 
effect in climate changes. In any case there 
are grounds to suppose that the influence of 
greenhouse gases on climate changes is not 
as high as it is used to think.

3. The extent of distortion of natural tem ­
perature fields caused by the influence o f 
u rb a n iz ed  a reas  and  a n th ro p o g e n ic a l ly -  
changed landscapes depends on a lot o f  fac­
tors. The most im portant o f them is the area 
o f populated centers (or changed landscapes) 
and location o f meteorological station with 
respect to the boundaries of anthropogeni- 
ca lly -caused  therm al spot and sources o f  
thermal pollution inside the spot.

The above results show that in principle 
it is possible to solve the problem o f  separate 
estimation of natural and anthropogenic com ­
ponents in the temperature values registered 
by meteorological stations, which is very im ­
portant for understanding real climate changes 
and, consequently , their impact on the pop­
ulation and economy. In any case investiga­
tions in this field are o f  special importance. 
The results of such investigations will at least 
enable to introduce corrections in the exist­
ing concepts o f  climate changes and prog­
nosis estimations for the foreseeable future.
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3. DYNAMICS OF GLACIATION

The results o f  investigations made in dif­
ferent mountain  areas o f  Central Asia do not 
enable to doubt that in the second part of the 
last century  glaciation in the region was at 
the stage o f degradation. It should be noted 
that the area of glaciers in the Pamir, Western, 
Central and Northern Tien Shan and D zhun- 
gharskiy Alatau decreased at the same rate, 
i.e. 0.8% per year [5, 7, 42, 58, 96, 114-117].

Dynam ics and tendencies o f  glaciation 
development in the Ili-Balkhash basin is quite 
reliable characterized by the data on glaciers 
on northern slope of Zailiyskiy Alatau, where 
regular glaciological observations started as 
early as in the 1920s and since 1958 round- 
the-clock observations have been carried out 
in the vicin ity  o f  glaciological s ta t ionary  
station «Tuyuksu glacier» in the Malaya Al- 
matinka basin. It should be noted that only 
for Zailiyskiy-Kungei glacier system includ­
ing glaciation o f the northern slope o f  Zai­
liyskiy Alatau and the Shilik river basin un i­
fied catalogues based on aerial survey were 
made for the state in 1956, 1975, 1979 and 
1990, which is a reliable material for s tudy­
ing dynamics of glaciation in the second part 
o f  XX century.

3.1. Degradation 
of Zailiyskiy Alatau glaciation

The ridge Zailiyskiy Alatau stretches 280 km 
f ro m  w e s t  to  e a s t  b e tw e e n  76°18 ' an d  
78°00' EL. In the central part absolute ele­
vations reach 4000 and more m eters.  The 
highest point of the ridge is Talgar — 4978 m 
f 129J. Contemporary glaciation on the north ­
ern slope of Zailiyskiy Alatau is observed on 
the territory o f between the Uzunkargaly and 
Turgen rivers.

The first scientist who determined sizes 
o f  glaciation on the territory o f Kazakhstan 
(1424 glaciers o f  the total area o f 1913 km 2 
and volume 50 km3) was N .N . Pal gov [104]. 
According to the data of the first glacier cat­
alogue made by the materials o f  1955-1956 
aerial survey, in the mid-1960s the northern 
slope of Zailiyskiy Alatau had 394 glaciers 
of  the total area o f 469.3 km 2, and the total 
ice volume was 27.7 km 3 [20, 51, 156]. In the 
last decades due to global warming, glacia­
tions o f the area under consideration expe­
rienced considerable changes: by the year 
1990 as a result of disintegration o f large and 
middle-sized glaciers the total number o f gla­
ciers increased from 393 to 460 whereas their 
total area decreased from 469.3 to 261.8 km 2, 
and more than half of glaciers (234) had the 
area less than 0.1 km 2.

The distribution of glaciation on the ter­
ritory of the northern ridge slope is very non- 
uniform. Over 67% of the area is situated in 
the basins o f  the Talgar, Esik and Turgen riv­
ers and the highest degree o f glaciation (ratio 
of the total area of glaciation to the basin area) 
is observed in the basins of the rivers Talgar, 
Esik and M. Almatinka (Table 3).

Minimal degree o f glaciation is observed 
on western (basins o f the Uzunkargaly, Sha- 
malgan, Kaskelen rivers) and eastern (basin of 
the Turgen river) periphery of the ridge (Table 3). 
The lowest altitudes o f glacier edges 3300- 
3345 m were registered in the basins o f the Pra- 
vyi (Right) and Levyi (Left) Talgar rivers and 
the highest altitudes (above 3500 m) were ob­
served in the basins o f  the Kaskelen, Prokhog- 
naya, B. Almatinka and Turgen rivers. Maximal 
range o f glaciation is observed in the Pravyi 
Talgar basin, which is also characterized by 
the lowest altitude o f firn line (Table 4).
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Table 3. Distribution and degree of glaciation in the river basins on the northern slope
of Zailiyskiy Alatau [139]

River basin

Q uantity  

of glaciers

Area,

km 2

% The area o f river basin 

up to an ou tpu t from 

m ountains, km 2

D egree 

o f glaciationFrom  quantity  

o f glaciers

From  area 

o f glaciers

U zunkargaly 39 14,98 8,5 5,7 344 4,4

Sham algan 18 2,58 3,9 1,0 139 1,9
Kaskelen 31 13,67 6,7 5,2 290 1,7
Assay 25 14,07 5,4 5,4 136 10,3

Kargaly 10 3,72 2,2 1,4 45 8,3

Prokhodnaya 38 6,47 8,3 2,5 82 7,9

B. A lm atinka 51 21,74 11,1 8,3 135 16,1

S. A lm atinka 22 8,27 4,8 3,1 118 7,0

Talgar 129 98,06 28,1 37,5 444 22,1

Esik 49 44,52 10,6 17,0 256 17,4

Turgen 48 33,76 10,4 12,9 614 5,5

Total 460 261,84 100 100 - —

Table 4. Vertical range of glaciation and average altitude of firn line

River basin

Average height, m Vertical range o f a glaciation, m H eight o f 

firn  line 

(ELA), m

The end 

o f  glacier

Open part 

o f glaciers

High o f 

glaciation

From  end 

o f glaciers

From  end o f open 

part o f glaciers

U zunkargaly 3418 3599 4049 551 450 3813

Sham algan 3465 3551 3982 517 431 3760

Kaskelen 3533 3629 4003 470 374 3784

Assay 3465 3577 4114 649 537 3823

Kargaly 3509 3635 4125 616 490 3849

Prokhodnaya 3544 3653 4019 475 366 3843

B. A lm atinka 3530 3617 4169 639 552 3880

S. A lm atinka 3490 3569 4102 612 533 3794

Levyi Talgar 3480 3594 4239 759 645 3893

Sredniy Talgar 3345 3712 4388 1043 676 3945

Pravyi Talgar 3305 3367 4298 993 931 3758

Esik 3469 3621 4254 785 633 3899

Turgen 3512 3640 4097 585 457 3848

T he no rthern  slope o f  Zailiyskiy  A la­
tau  has all m o rp h o lo g ic a l  ty p es  o f  g la ­
ciers typical o f  in tra -con tinen ta l  m ounta in - 
g lacier areas  th o u g h  over a h a lf  o f  the  
total num ber o f  glaciers refers to two m or­
phological types — circus (33%) and valley 
(27%) glaciers.

T he overw helm ing num ber o f  glaciers 
(88%) are situated on the slopes o f the n o r th ­
ern quarter of the horizon (N, NE, NW ), only 
5% and 4% of glaciers refer to western and 
eastern parts of exposition (Fig. 4).

More than 505 of the total num ber o f  gla­
ciers have the area less than 0.1 km 2 and about
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Fig. 4. Structure o f glacier distribution by exposures

Table 5. Distribution of glaciers by sizes 
and their percentage ratio to the total number 

and total area of glaciers

Size,

km2

Quantity o f  glaciers Area o f  glaciers

всего % km2 %

Less 0,1 234 50,9 9,41 3,6
0,1-0,5 99 21,6 29,17 11,1
0,5-1 50 10,9 36,80 14,1
1,0-2,0 49 10,6 70,32 26,9
2,0-3,0 14 3,0 35,75 13,6
3,0-4,0 3 0,6 9,66 3,7
4,0-5,0 4 0,9 18,69 7,1
5,0-10,0 6 1,3 40,04 15,3
More 10,0 1 0,2 12,00 4,6
Total 460 100 261,84 100

22% o f  glaciers are glaciers o f  the area ranging 
from 0.1 to 0.5 km 2. Only 11 glaciers have area 
exceeding 4 km2 but their area makes 27% of 
the total glaciation area on  the northern slope 
ofZailiyskiy Alatau (Table 5).

3.2. Degradation of glaciation 
of the Southern Dzhungharia mountains

T h e  c o m m o n  n a m e  S o u th e rn  D z h u n  
gharia refers to the area o f  southern  m acro - 
s lope  o f  c e n t r a l  ridge o f  th e  D z h u n g h a r  
A latau M oun ta ins  consisting  o f  a ch a in  o f  
Toksanbai and Bedzhintau ridges and M uztau 
mountains. T he area contains basins o f  the

Khorgos, Chizhin, Tyshkan, Burkhan, Usek 
and Borokhuzdir rivers. In  1956 the area had 
460 glaciers whose total area o f open part (pure 
ice) was 228.4 km2 [18]. By the m aterial o f  
aerial survey P. A. Cherkasov m ade catalogues 
o f  glaciers for their state in 1956 and 1972 and 
the same m ethod was used to make a 1:25 000 
map o f  the outlines o f  glaciers observed during 
the 1990 aerial survey. Using these outlines 
A.L. Kokarev and l.N . Shesterova determined 
morphological characteristics o f  each glacier 
and made a unified glacier catalogue (identi­
cal to the previous ones) for the glacier state 
in 1990.

It should be noted that by some reasons 
several corrections were made in the content o f 
the first glaciers catalogue (for the year 1956). 
First o f  all, detailed studying o f  the materials 
o f  the 1990 aerial survey enabled to detect 4 
«new» glaciers o f  the total area o f  1.2 km 2 in 
the upper flow o f  the Sargir river (the Bolshoy 
Usek basin), which were not noticed during the 
first catalogue. Secondly, a higher precision o f 
the large-scale photographs enabled to detect 
more precisely the area o f  25 small glaciers — it 
was on average increased by 0.1 -0.2 km 2. At the 
same time the au thors  had to  considerab ly  
decrease the size (by 4.5 km 2) o f  a complex 
valley Voyekov’s glacier (No. 102), the largest 
in the region, whose area by the data o f  the first
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glaciers catalogue f 18] was 13.1 km 2 with the 
area o f all glacier basin including slopes not 
covered with ice and limited by the tangent 
to the end o f its tongue, as it is seen from 
the photographs made in 1990, to 12.11 km 2. 
Thirdly, in the mid-1990s according to the 
interstate agreem ent the area o f  the upper 
flow of the Khorgos left-side with glaciation 
area o f 10.5 km 2formerly belonging to Kaza­
khstan was given under the j urisdiction of 
China. Taking into account the above chang­
es it was concluded that in 1956 the num ber 
of glaciers in the Southern D zhungharia  was 
440 and their total area was 218.8 km 2.

The catalogue made in 1990 enabled to 
study dynamics of glaciation of the Southern 
Dzhungharia during the period o f 35 years. 
The results o f  comparative analysis o f  the 
data from three glacier catalogues are pre­
sented in Table 6.

As it is seen from Table 6, during 34 years 
the  n u m b er  o f  g laciers  w ith  F> 0.1 k m 2 
decreased  by 88. At the  sam e t im e  th e ir  
percentage in the total num ber o f  glaciers 
increased by 22% — from 74 to 96%. The 
number o f glacier with F < 0.1 km 2 decreased
10 times — from 114 to 11, and their frac­
tion decreased from 26 to 4%. It is neces­
sary to pay attention to the fact that the over­
whelming part o f  small glaciers melted in the 
pe-riod from 1973 to 1990 and what is more 
probable during the 1970s when anom alous­

ly high temperatures in the sum m er season 
were reg is te red  over all th e  te r r i to ry  o f  
Central Asian region.

The number o f glaciers decreased mainly 
because of their melting. By the year 1990 
206 glaciers or 47% of their total num ber in 
1956 melted in the region. Most o f  the melted 
glaciers (202) referred to the group o f slope 
glaciers (hanging, circus, circus-hanging, trai­
ling, near-slope). 4 o f  the disappeared glaciers 
belonged to the group of flat summit glaciers 
with small vertical range o f  glaciation. The 
total area of melted glaciers is 26.4 km 2.

The number o f glaciers increases because 
they divide into several parts or as a result of 
separation of effluents. During the period, 
15 glaciers decayed, each of which separated 
into two parts. Thus, by 1990 the total loss 
in the number o f glaciers was 191 glaciers 
(206-15) or 43.4% of their num ber in 1956.

Comparison o f three glacier catalogues 
showed considerable reduction o f glaciation 
area in the region (Table 7).

It should be noted that reduction of the 
glacier area was different in different regions. 
In the basins of the Khorgos and Usek rivers, 
which have minimal glaciation area, it de­
creased by alm ost 41%, which determ ined 
the value o f  average reduction o f the glacia­
tion area in the region as 40.2%. The lowest 
reduction of the glaciation area was observed 
in the Chizhin river basin — 27%, it is the

Table 6. Changes in the number of glaciers in the Southern Dzhungharia

River basin

1956 1972 1990 Change o f num ber 

o f glaciers 

for 1956-1990

N um ber o f glaciers 

w ith F, km2

N um ber o f  glaciers 

w ith F, km 2

N um ber o f glaciers 

w ith F, km 2

>0,1 <0,1 total >0,1 <0,1 total >0,1 <0,1 total

Khorgos 86 29 115 82 29 111 69 4 73 -42
C hizhin 9 3 12 7 5 12 7 2 9 -3
T yshkan 40 9 49 33 15 48 31 2 33 -16
B urkhan 5 3 8 4 4 8 5 - 5 -3
Usek 185 70 255 165 80 245 126 3 129 -126
Borokhudzir 1 - 1 1 - 1 - - - -1
Total 326 114 440 292 133 425 238 11 249 -191
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Table 7. Changes in the glaciation area 
in the Southern Dzhungharia during 1956-1990

River basin
Area of 

glaciation, km 2
R eduction o f glaciation 

for 1956-90

1956 1990 km 2 B %

Khorgos 75,1 44,316 30,784 41,0
C hizhin 12,5 9,134 3,366 26,9
T yshkan 24,1 14,489 9,611 39,9
B urkhan 1,8 0,707 1,093 60,7
Usek 105,2 62,465 42,735 40,6
Borokhudzir 0,1 - 0,100 100,0
Total 218,8 131,111 87,689 40,2

area where glaciers are situated at greater al­
titudes (4250 m) than in other basins o f  the 
Southern Dzhungharia. It is the area o f  semi­
com pact glaciation with the largest in the 
region Voyeykov’s glacier (No. 102) of the area 
of 8.6 km2 (in 1956).

It is interesting to consider different de­
gree o f  area reduction  for glaciers o f  d if ­
ferent morphological types. The total loss of 
glacier area by 1990 was 87.69 km 2, o f which 
almost 60% referred to slope glaciers, 39.4% - 
to the valley glaciers and less than 1% - to 
the glaciers of flat sum m its occupying an ­
cient denudation  surfaces raised to a high 
hypsometric levelo (4000 m).

During degradation some glaciers «chan­
ged» their morphological type. For example, 
the valley glacier Storozhevoi (No. 85) turned 
into a circus - valley glacier, circus - valley gla­
cier Ayusayskii (No.29) turned into a circus - 
hang ing  glacier (bo th  g laciers  are in the  
Khorgos river basin), circus - valley glaciers 
No. 106 (the Chizhin river basin), No. 135 (the 
T yshkan  river basin), No. 176 and N o .325 
(both in the Usek river basin) became circus 
glaciers.

During the first 16 years o f  the period 
under investigation (1956-1972) the rates of 
area reduction were 1.5 times lower than the 
rates o f the next 18 years (1973-1990), 2.05 
and 3.05 km2/year ,  respectively. Such a d if­
ference in the rates o f  degradation before the

year 1973 and after it is characteristic of all 
regions of Central Asia and is connected with 
anomalously high temperature in the abla­
tion period in the mid-70s o f  the last cen tu ­
ry. General degradation of glaciation was also 
expressed in reduction of glaciers length and 
increase o f the altitude o f  glacier tongues 
because of their recession (Table 8).

Table 8. Change of glacier length 
in the Southern Dzhungharia during 1956-1990

River basin
Average length 
o f glaciers, km

R eduction o f average 
length for 1956-90

1956 1990 km в %

Khorgos 1,46 0,96 0,50 34,2
C hizhin 2,02 1,24 0,78 38,6
T yshkan 1,26 0,83 0,43 34,1
B urkhan 0,74 0,46 0,28 37,8
Usek 1,13 0,75 0,38 33,6
Borokhudzir 0,40 - 0,40 100,0
Average 1,25 0,82 0,43 34,1

Table 8 contains the data about the length 
o f 325 glaciers with area > 0.1 km 2. In the 
glacier system as a whole the average glacier 
length decreased by 430 m or 34% of its val­
ue in 1956 (1% per year).

When studying glacier variations it is neces­
sary to know not only changes in the total 
glacier length but what is more im portan t 
the magnitude and rate o f recession o f their 
ends. 80% (340-350 m) o f the total variation 
(decrease) of glacier length (430 m for 34 years) 
was caused by recession of their ends. The 
average rate o f  glacier recession in the re­
gion was about 10 m/year.

During the period under consideration 
the ends o f glacier tongues retarded on aver­
age by 90 m -  from 3395 to 3485 m. The 
process was especially rapid for hanging and 
circus glaciers, many o f them melted com ­
pletely. For example, altitudes o f  the ends of 
glaciers No. 40 and No. 77 in the Khorgos 
river basin increased by 280-290 m, altitudes 
o f the ends o f glaciers No. 176 and No. 224 
in the Usek basin increased by 270-300 m.
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3.3. Tuyuksu glacier: 
regime and mass balance

Tuyuksu glacier situated in the upper flow 
o f  the Malaya A lm atinka river o n  the  n o r ­
thern  slope o f  Zailiyskiy Alatau  (43°00’N L  
and  77°06’EL) has been  an object o f  special 
a t ten t ion  o f  K azakhstan i glaciologists since 
the  in te rn a t io n a l  G eo p h y sica l  Year (IGY, 
1957-59) an d  now it is am ong  the  ten  m ost 
s tudied glaciers on  o u r  p lane t (Fig. 5).

It is know n th a t  the  m ain  characteris tic  
o f  any glacier is its mass balance i.e. the  ratio 
o f  snow and  ice mass accum ula tion  and  abla­
t ion  during a certa in  period  o f  time. Before 
1990, field m easu rem en ts  o f  mass ba lance  
co m p o n en ts  (annual accu m u la t io n  and  a n ­
nual ablation) o n  Tuyuksu glacier were m ade 
in so-called  system o f  fixed dates i.e. regular 
observations o f  the  field o f  rods during  s ta ­
t ionary  works fulfilled at given t im e intervals. 
D a ta  o n  m ass b a lan ce  o f  Tuyuksu glacier  
in  1 9 5 7 -1 9 9 0  o b t a in e d  u s in g  th e  above  
p rocedure  have been  inc luded  in a n u m b er

o f  a r tic les  an d  the  la test a u th o r s ’ m o n o ­
graph  [155].

Since 1991 accord ing  to  the unified re ­
qu irem ents  o f  the World G lac ie r  M on ito r ing  
Service glaciologists o f  the  Institu te  o f  G e ­
ography, N A S R K  (at first, K .G . M akarev ­
ich, th en  P. A. Cherkasov) started  to  use a 
new  stratigraphic system for m ass ba lance  
m easurem ents .  In  this system th e  da ta  are 
ob ta ined  by m easurem ents  in the  test holes 
during sem i-stationary investigations and  the 
m ain  m arking horizon  is the  su m m er  surface 
o f  the previous year. In  this case mass increase 
from  the  su m m er surface to  the  m ax im u m  
o f  snow accum ula t ion  at the  end  o f  w in te r  is 
w in ter mass balance — b and  mass decreasew,
from  m ax im al snow  a c c u m u la t io n  till the  
end  o f  melting  w h en  a new  su m m er  surface 
is fo rm e d  — s u m m e r  m ass  b a la n c e  — b .s
Algebraic sum  o f  w in ter  and  su m m er  mass 
balance (taking into accoun t  internal feeding 
at the  expense o f  infiltration ice fo rm ation) is 
an  annua l mass balance b із . b .n =  w +  s

Fig. 5. Tuyuksu glacier in August 2004. (Photo by Blagoveshchenskiy)
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In order to study dynam ics o f glaciolo- 
gical characteristics o f  T uyuksu  glacier we 
have a unique opportun ity  taking into ac­
coun t reliably reconstructed  data  [156] by 
the year 2005 the rows o f glacier mass ba­
lance com ponents covered the time period 
of more than 125 years and during the last 
48 years (since 1957) they are presented by 
the data of direct observations. Taking into 
account the above m entioned changes in the 
system of observations let’s consider dyna­
mics o f glacier mass balance for the periods 
before and after 1990. For the period before 
1990 variations in the glacier mass balance 
were analyzed in details by E. N. Vilesov and 
V. N. Uvarov [156].

Analysis of the rows showed that annual 
values o f  mass balance and balance o f its 
com ponents  vary from year to year, with a 
much lower range o f variation o f accum ula­
tion values: coefficients o f  this row varia­
tions Cv is equal to 0.11 against 0.17 and 
0.28 for the rows o f ablation and mass ba­
lance, respec tive ly .  O b v io u s ly ,  th e  m ain  
factor o f  mass balance variation in time is 
the value o f ablation depending on tem pe­
rature cond itions  o f  sum m er period. This 
result is another verification o f  validity of 
balance calculations by the data o f  average 
sum m er temperatures [156].

Prevalence of ablation over accum ulation 
was registered for a greater num ber of years - 
58 out of 111. During all period only in 4 cases 
the annual balance was equal to zero and in 
48 cases it was positive. The average value of 
the negative balance by module is much greater 
than the average positive balance: 40 g /c m 2 
against 24 g /c m 2' respectively. D uring  the 
whole 111-year period the season o f 1897/1898 
had extremely high values o f positive bal­
ance (+58 g /c m 2), and 1977/1978 had ex­
tremely high negative balance (-148 g /c m 2).

The 1977/78 anomaly extremely affected 
Tuyuksu  glacier: there are only two seasons 
(1976/77 and  1983/84 and  a lso  1990/91, 
which is beyond the studied row) when the

absolute value of negative balance exceeded
100 g /cm 2 (1000 g /m 2), in all other years its 
values were much lower (about zero). Zero 
mass balance is obtained for average summer 
(June-A ugust)  tem perature  1л =  -1.3-1.4°, 
average altitude of firn line H c =  3680-3700 m 
and values of accumulation-ablation equal to 
113-117 g /cm 2. Maximal difference between 
positive and negative mass balance values for 
Tuyuksu glacier was 206 g /cm 2Mand aver­
age multi-year value o f mass balance for the 
period 1881-1990 was 11 g /c m 2 or 300,000 
m 3 in water equivalent [156].

Year-to-year variations o f mass balance 
may be subdivided into three different pe­
riods [158]. The first period covering time 
range from 1879 to 1914 is characterized by 
favourable climatic conditions for the gla­
cier, at that period average sum m er tem pera­
ture was by 0.5-0.7° degrees lower than the 
average annual values and the alt i tude o f 
snow line was by 90-100 m (in some years - 
by 200m) higher than  the average annual 
value. A nnual accum ula t ion  exceeded its 
average value by 10-15% and annual ablation 
was equal to 75-80%, which provided the 
annual mass balance value equal to +20 g /cm 2. 
This period has maximal number of years with 
glacier advance (5 out o f  7).

In order to determine qualitative con ju ­
gation of macro-synoptic conditions and vari­
ations in glaciation, scientists o ften  use a 
calendar o f  atmospheric-circulation epochs, 
which gives sequence of prevailing circulation 
types W (1872-1890) => W + С (1891-1899) ^  
=> W (1900-1928) => E (1929-1939) => С (1940- 
1948) => E + С (1949-1968) => E (1969-1973) => 
=> С (1974-1979) - E (1980-1990). A ccord­
ing to this calendar the first period had pre­
vailing western zonal circulation W, which 
is therefore close to the optimal conditions 
for glaciers [156].

The second period that lasted from 1915 
to 1972 was characterized by oscillations of 
the main glacier charac teris t ics  abou t  the 
standard but with already noticeably tendency
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to prevalence of negative values, especially 
in the second part of the period. During that 
time, since the end o f the 1920s diffe ren t 
forms of meridian circulations and their com ­
positions — E, С and E+C prevailed.

The third period which started in 1973 and 
is still lasting is a characterized progressing 
glacier degradation, which was caused by 
high sum m er temperatures 0.7-1.0° higher 
than the average, altitude of snow boundary — 
140 m higher than the average, low accu m u ­
lation (15-20% of the average), very high 
ablation (30% above the average) and extreme­
ly high negative values o f mass balance (al­
most 200% below the average). In some years 
of the period (for example, 1978 and 1980) 
the average summer air tem perature was 1.6° 
above the norm and in 1990 it was even 2.6° 
higher than the average value. In 1978 the 
snow boundary retarded by 480 m as co m ­
pared with the average position and reached 
maximal high level o f  4200 m and «went to 
troposphere». This period is characterized by 
further development o f E and С circulations, 
o f  which the latter imposes m ost negative 
influence on the glacier and contributes to 
its degradation.

In the tem porary  dependence  o f  mass 
balance of other Tien Shan glaciers the be­
ginning of the period with negative mass bal­
ance was also registered in 1972-73, which 
is confirmed by the m easurem ents o f  mass 
balance on Karabatkak glaciers in the Ter- 
skei-Alatoo [33] and Golubin  in the Kyrgyz 
ridge (Northern Tien Shan) [8]. These facts 
give a reliable confirmation o f s im ultaneous 
changes in synoptically processes, air tem ­
perature and glacier mass balance in the Tien 
Shan M ountains [156].

G eneral tendency o f  a one-d irec tional 
changes in Tuyuksu glacier characteristics in 
the XX century in the direction o f  worsen­
ing of its state is well revealed when consid­
ering the values averaged over successive 
decades. During the XX century  the mean 
sum m er air tem p era tu re  m easu red  at the

meteorological station Mynzhilki and in the 
vicinity of snow line migration and averaged 
over a decade increased by 1.7°, the altitude 
o f  snow line increased  by 240 rn, annua l 
ablation increased by 57 g /cm 2 (more than
1.5 times), and mass balance changed from 
+24 g /cm 2 in 1901-1910 to - 59 g /cm 2 in 1981- 
1990.

The direct measurements from 1956-1990 
and results of calculations for the earlier pe­
riod show that the average annual ablation 
increased 3 times during the XX century. Its 
maximal value registered in 1978 was 155 g/cm 2 
or 4,728,000 m 3- During the whole 111-period 
the glacier lost 167.0 millions o f  tons o f  ice 
[156].

By N. N. Palgov’s data [95, 107], in the 
1880s the glacier area was 3.54 km 2, whereas 
in the 1990s it already was —2.75 km 2, i.e. 
during 11 years it decreased by almost 0.8 km2. 
During the period 1879-1957 the glacier re­
tarded by 410 m, whereas during the follow­
ing 33 years, by our estimations, by another 
620 m, which gives the values o f  total reces­
sion equal to 1030 m i.e. about 10 m/year. 
During the same period the glacier lost 37% 
of its mass [ 156].

The data on T uyuksu  glacier variations 
and mass balance after 1990 in terms and 
notions o f stratigraphic system are present­
ed in the m ulti-volum e publications «Fluc­
tuations o f Glaciers» [47], in «Glaciers Mass 
Balance Bulletin» [53, 54] and in the latest 
M. D y u rg e ro v ’s data  co llec tion  [41]. T he 
same terms are used in Table 9, where the 
data of glacier mass balance [41, 47, 53, 54] 
for the period 1991-2001 are presented. The 
table also contains the data o f  variation of 
the glacier area F, snow line altitude ELA 
and annual ablation A t corresponding to gla­
cier runoff.

It should be noted that the period under 
consideration  was charac terized  by ra ther 
high tem perature background in the glacier 
zone: average M ay-Septem ber tem perature 
at the alti tude o f  3800 m was (-0.1 °C) as
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Table 9. Tuyuksu glacier regime and mass balance for the 1991-2001period

Balanced

year

F,

km 2

ELA,

M

b w>

mm

b ,s*

mm

b n A ,

mm 106m 3 mm 106m3

1990/91 2,72 3950 270 -1370 -1100 -2,992 1730 4,706
1991/92 2,68 3800 550 -790 -240 -0,643 1050 2,814
1992/93 2,68 3630 585 17 602 1,613 580 1,554
1993/94 2,67 3790 570 -1013 -443 -1,183 1470 3,925
1994/95 2,66 3870 279 -866 -587 -1,561 1560 4,150
1995/96 2,66 3850 -456 -1,213 1422 3,782
1996/97 2,64 4220 -1467 -3,873 2149 5,673
1997/98 2,64 3780 -359 -0,948 1352 3,569
1998/99 2,64 3785 470 -688 -218 -0,576 1342 3,543
1999/00 2,63 3765 787 -884 -97 -0,255 1557 4,095
2000/01 2,54 3820 644 -1199 -555 -1,410 1855 4,712
Average 3842 -447 -1,186 1461 3,866

compared with (-0.6 °C) during 1960-1990. 
The average tem pera tu re  during  the same 
m onths of the last 5 years (1997-2001) was 
even higher, it was positive (0.4 °C). This 
factor caused rather high position o f snow 
line; it was 30 m higher than that in 1957- 
1990. In summer o f 1997 it hypsometrically 
located higher than the highest glacier point 
(Pogrebetskiy’s peak -  4219 m) i.e. it means 
that the snow line «went to troposphere». 
D uring  all the period o f  m easurem ents  it 
happened only once -  in 1978 [156]. In 1993, 
the most favourable for the glacier year, the 
snow line descended to a rather low altitude — 
3630 m, w hich  gave a very high posit ive  
balance (602 mm). However, it was ju s t  an 
episode; the other ten years had negative bal­
ance with the average value -  447 mm. In 
the previous 34 years its average value was 
374 mm i.e. 73 m m  (or 16%) sm aller (by 
module). The glacier annually lost on aver­
age 1,186 millions o f cubic meters o f  water 
or about 1% of its mass in 1990 estimated as 
0.12 km 3. During the last 11 years the glacier 
irrevocably lost m ore than  13,000,000 m 3, 
which makes 5 m in the water layer spread 
over the all glacier surface. If we refer the 
losses only to the ablation  area, they  will 
increase almost two times — up to 10 m.

As a whole, all the data on Tuyuksu  gla­
cier obtained during the last decade convinc­

ingly show a stable tendency o f  on-going 
degradation. It is also evident by the dyna­
m ics o f glacier cum ula t ive  m ass balance 
during 1957-2001 (Fig. 6).

One may suppose with confidence that 
such tendency will be observed during the 
next decades.

As for annual ablation A t, which went to 
the river flow, its value varied from 580 mm 
in 1993 to 2149 mm in 1997 and the average 
value for the period was 1461 mm or 3,866,000 m3 
o f  water. During 11 years 42,500,000 m 3 of 
water went to the M alaya A lm atinka as a 
result of snow and ice melting in Tuyuksu 
glacier. It should be noted that  during the 
last 30 years the value of annual glacier run ­
o ff  decreased from 4,880,000 to 3,866,000 m 3 
o r by 20%. O bv iously ,  th is  re d u c t io n  is 
caused by 20%, reduction of the glacier area. 
The percentage of river ru n o ff  form ed by 
melting of seasonal snow compensated by a t­
m ospheric precipitations is equal to 70% and 
the fraction of flow formed by melting  of 
permafrost ice resources i.e. its irrevocable 
losses is about 30% of glacier runoff.

It is necessary to point out once more 
importance of preservation o f glaciological 
stationary station on Tuyuksu glacier, which 
continues the longest (45-year long) row of 
mass-balance glacier measurem ents in Ka­
zakhstan and Central Asia and provided high
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quality  scientific  in fo rm ation  sen t to the 
World Glacier Monitoring Service.

Therefore during the whole period under 
consideration  T uyuksu  glacier un d erw en t 
reduction in length and area. One cannot be 
deceived by the positive glacier balance du r­
ing 48 years. In this case a simplified under­
standing o f glacier regime when it is sup­
posed that «positive balance means tha t  the 
glacier advances, negative balance - the gla­
cier retards» is no tj  ustified. The point is that 
in order to remain in stationary or close to it 
the glacier must not have zero but a rather 
big positive balance. It is caused by small 
speed o f glacier movement, about 10 m /year 
and delays in substance transfer  from  the 
feeding zone to the ablation zone. N .N . Pal- 
gov’s calculations [95, 105] show that in or­
der to preserve stationary state o f  the glacier 
tongue volume the whole glacier needs mass 
balance B>+33 g /cm 2and to provide s tation­
ary state o f  the whole glacier area and, what 
is more, for its advance mass balance m ust 
be B>+41 g /cm 2. Of 48 years with В > 0 only 
seven years — 1887, 1898, 1901, 1907, 1912, 
1963 and 1964 were really favourable for gla­
cier regime. Those were the years o f  high 
winter snow accumulation and mass balance 
ranging from +42 to +58 g /c m 2 and tongue 
advance along all fronts was 1-3 m /year.  The

1972 1977 1982

Time [Years]
1987 1992 1997 2002

rest of the 103 years studied were more (years 
with negative balance) or less (years with 
positive balance up to +41 g /cm 2) unfavo­
rable for the glacier.

3.4. Tuyuksu glacier: results of comparison 
of surveys of 1958 and 1998 years

In 1958 within the framework o f research 
made by the glacial expedition o f Academy 
of Sciences o f Kaz SSR for the program of 
the International Geophysical Year the geo­
desists from the German Democratic Repub­
lic m ade a large scale s te reo -p h o to g ram - 
metrical survey o f the T uyuksu  m ountain  
glacier basin in the upper reaches of Small 
Almatinka river. Taking for the basis these 
results the map o f T uyuksu  basin was made 
in a scale of 1:10 000 (with 10 m horizontal 
sections) and published in Dresden (G D R) 
in 1961 [63]. T h e  a u th o r s  th e  w ork  are 
H. Hartmann, M. Simon and Y. Toeppler.

40 years later in the summer o f 1998 the 
similar survey o f T uyuksu  glacier was made 
by H. Rentsch, H. Tremel, H. Hoernik, spe­
cialists o f  the Institu te  o f  photogram m etry 
and cartography o f M unich Technical U n i­
versity and the Commission for Glaciology 
o f Bavarian Academy of Sciences. As a re­
sult of this work the new map o f  the same
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scale o f  Tuyuksu  area was created; it was 
published in Russian and G erm an  in M u­
nich (Germany) in 2001 [142].

The comparison o f the digital model of 
the area in 1998 with the map o f  1958 al­
lowed detecting changes in contours, m or­
phology and m orphom etry, area and volume 
sizes o f  all 10 glaciers o f  the d is tr ic t  for 
40 years. The results o f  this research for each 
glacier are given in [43].

The independent assessment o f  changes 
o f morph-metrical characteristics o f  T u y u k ­
su glacier using the materials o f  the second 
survey of Tuyuksu group o f glaciers was made 
by E. N. Vilesov and V. M orozova [149]. 
Results o f  the definitions executed by G er­
man and Kazak experts, are practically iden­
tical (Table 10): the difference in definitions 
o f glacier area makes less than 2 % and has 
for different years a variant sign, and ice vol­
umes of Tuyuksu  glacier for 40 years differs 
on 2.6 % only. Also the data  on distribution 
of losses o f  ice layer on h igh-altitude zones 
differs (Fig. 7).

W ithout taking into consideration a few 
discrepancies, which are insignificant for our 
task the results o f  independent studies pre­

sented in [43] and [149], are basically iden­
tical. A ccord ing  to  the da ta  o f  table  11, 
losses o f T uyuksu  glacier for the period of 
1958 to 1998 am ount to 0,50 km2 by area, 11 
m by the ice thickness and about 41mln.m3 
in ice volume.

Taking for basis the adj usted value o f the 
area of the glacier as of 1998 year (2,577 km2), 
its average annual decrease for the time peri­
od between surveys am ounts to 0,014 km2, 
or approximately 0,5% per year, the decrease 
of the length equals to 540 m, and the aver­
age rate o f  digression is 13,5 m /p er  year. 
For 40 years the altitude at the end of the 
to n g u e  increased  a lm o s t  by 45 m (from  
3373 to 3417,6 m), i.e. by 1,1 m/year, the 
glacial coefficient decreased 5,2 times and 
AAR(relation o f the feed zone to the glacier 
area) - 2,2 tim es. T h e  glacial fa c to r  has 
decreased  in 5,2, and  A A R  (the a t t i tu d e  
(relation) of the area o f a feed (meal) to the 
a rea  o f  a g lac ie r )  - in 2,2 t im e s  [149]. 
Let’s notice, that mentioned rate of Туюксу 
g lac ie r  a rea  r e d u c t io n  (0,5 % /y e a r )  by 
1,6 times under the characteristic  for Zai- 
liysk iy-K ungei glacial system  as a whole 
(0,82 %/year).

Table 10. Changes of morph-metrical characteristics of Tuyuksu glacier for 1958-1998 [43, 149]

A uthor/characteristic T he area i n  year o f  survey, m 2 D ifference o f

1958 r. 1998 r. the areas, m2 heights, m volumes, m3

Eber K., ale. 3 089 152 2 624 960 -464 192 -11,852 -41 731 340
Vilesov E. N. 3 141 140 2 577 320 -563 820 -11 -40 634 580
Difference abs. -51988 47640 99628 0,852 1096760

% - 1,68 1,8 21,46 7,89 2,63
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Fig. 7. C hanges o f  the  value 
o f  the ice th ickness (h, m), 

lost for the  period o f  1958-1998, 
by a ltitudes (H , m) o f T uyuksu  

glacier accord ing  to  the data 
o f  tables 10(1) and 11(11)
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For the area o f the glacier of 3,141 km 2 
in 1958 its volume calculated by the well- 
known formula by N.V. Erasov [44| given 
in [ 141], was equal to 0,1503 km3. Therefore, 
about 27% of the glacier volume as o f 1958 
was lost by the year of 1998 which equals to 
0,68%/per year, i.e. it is a little more than 
(approximately by 1/3) than the rate o f the 
area decrease. As o f 1998 year the volume of 
the glacier could be determined as 0,110 km 3 
[ 149]. We shall notice, that the rate o f  ice 
volume reduction o f Zailiyskiy-Kungei gla­
cial system for the same period (1955-1990) 
has made about 1 % one year [128, 143].

The value of the annual net balance of the 
glacier (regardless o f  the accumulation of the 
seasonal snow and its thaw) determined from 
the relation of the losses of the glacier volume 
to its average area for the 40 years interval tur­
ned out to be negative and equals to — 32 g/sm2. 
This value is less by 11 g /sm 2 (by module, but 
not by the character) than the total annual 
balance of the glacier determined for the same 
years on the basis of the natural measurements 
of accumulation and ablation [149].

Thus, the results o f  independent com par­
ative analysis o f  expositions made in 1958 
and 1998 years by absolute values are simi­
lar and quite reliably characterize changes o f 
morphometric and morphological character­
istics of Tuyuksu glacier for 40 years. These 
results give sound ground for assessment of 
the accuracy o f the relevant changes made 
on the basis o f  the data of the observations 
for the considered period and to some extent 
the assessment o f  representational charac­
teristics of Tuyuksu  glacier in the aspect of 
glaciation in the region in a whole.

3.5. Dynamics of glaciation  
of South-Eastern Kazakhstan mountains

In the co n d it io n s  o f  C en tra l  A sia the 
problem of estimation o f contem porary  and 
prognosis  var ia tions  in g lacia tion  is very 
important because o f two reasons.

First o f  all, glaciers are indicators o f  na­
ture reaction on climate changes: increase 
in the average annual tem perature at a rate 
not less than 1.0° С per century turned out 
to be sufficient to reduce glaciation o f South- 
Eastern Kazakhstan m ountains by more than 
a third [20, 23, 128, 156].

It is also important to estimate how cu r­
rent degradation of glaciation will affect river 
flow. In the conditions of Central Asia it is 
one of the first priority problems if one takes 
into account that according to prognosis es­
timations due to global warming water re­
sources o f water basins o f  the major rivers 
o f  Central Asia and Kazakhstan including the 
A m udarya, Syrdarya, Ishim and Tobol a l­
ready in the next few decades may reduce by 
20—50% or even more [2, 4, 27, 28, 65, 132].

The results o f  investigations made for 
various m ountain  regions o f Central Asia 
leave no doubts that in the second part of 
the XX century glaciation of the region was 
at the stage of degradation. The rate o f  gla­
cier area reduction in Tien Shan and D zhun- 
ghar Alatau was practically the same, about
0.8% per year [7, 9, 21, 22, 34-36, 40, 55-58,
62, 96, 116, 153, 156].

A lot o f  publications are devoted to the 
d y n am ics  o f  g lacia tion  o f  S o u th -E as te rn  
Kazakhstan Mountains (papers o f  N. N. Pal- 
gov, K. G. M akarevich, P. A. Cherkasov, 
G. A. Tokmagambetov and other works). This 
problem was considered in details in recent 
reports o f Kazakhstani glaciologists [20, 21,
25, 32, 148, 155, 156]. A good illustration of 
climatically-driven conditions o f glaciation 
is evolution of Tuyuksu glacier on the no rth ­
ern slope o f Zailiyskiy Alatau, where special 
round-the-year observations have been car­
ried out since 1957/1958. The materials of 
the above observations enabled scientists to 
reconstruc t  characteris tics  o f  glacier mass 
balance for the period before the beginning 
o f instrumental observations since 1878/1879. 
Thus, now we have data about d imensions 
and characteristics o f  Tuyuksu  mass balance
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for the period over 120 years — from 1878/1879 
to 2000/2001 1156]. A nalysis  o f  the  above 
da ta  conv inc ing ly  show ed th a t  during  all 
the above period the glacier gradually reduced 
its size and the process was especially in ten­
sive during the last th ree decades. In spite 
o f  the fact that during 59 out o f  122 years 
the mass balance was positive, the average 
absolute value o f  negative balance was almost 
two times greater than  the correspond ing  
value of positive balance and the glacier was 
in the state of gradual degradation. During 
the period from 1879 to 1990 its area de­
creased by almost 0.8 km 2, the glacier re tard­
ed by more than 1 km and lost about 37% of 
its mass [148, 156]. Only seven years — 1887, 
1898, 1901, 1907, 1912, 1963 and 1964 out 
o f  122 were favourable for the glacier when 
the value o f  mass balance was above the m i­
nimal critical limit (+ 41 g /c m 2 [105, 156]) 
needed to preserve stationary state o f  glacier 
tongue  area. T he least favourab le  for the 
glaciers were the years 1977/78, 1983/84, 
1990/91 and 1996/97 when the negative bal­
ance was above 100 g /cm 2, which is almost
2.5 t im es  g rea ter  th a n  th e  average  value 
[148, 156].

In order to understand general p icture o f  
ongoing changes and perspectives o f  water 
supply in the countries o f  Central Asia it is 
necessary  to s tudy  d ynam ics  o f  snow -ice  
resources — the main co m p o n en t  o f  rene­
wable water resources in the region. As in­
vestigations showed maximal average water 
reserves in the snow cover in the mountains — 
the main component o f  snow resources — has 
not practically changed during the last de­
cades [6, 11, 140, 108, 109]. As for ice (gla­
cier) reserves it should noted that nowadays 
there are m ethods th a t  enable  to es tim ate 
more reliably their clim atically-driven dy ­
namics by the data o f  unified glacier ca ta­
logues made by the materials o f  aerial sur­
vey o f  the Zailiyskiy-Kungei (N orthern  Tien 
Shan) and  D zh u n g h a r  g lacie r  sy s tem s  in 
different years [17, 18, 20, 25, 51, 52].

The first catalogue o f  Kazakhstani gla­
ciers was based on topographic maps M 1:100
000 and photographic plans o f glaciers made 
by the materials of the 1955-1956 aerial sur­
vey. The content o f the first catalogue may 
be used as a real base for m onitoring o f gla­
ciation dynam ics in the following period.

At the beginning o f the 1980s state to ­
pographic maps M 1: 25 000 were published 
for all territory of the Soviet Union includ­
ing Kazakhstani part o f  the Ili basin. Using 
these maps and m aterials o f  aerial survey 
made in 1973-1973 P.A. Cherkasov developed 
a catalogue o f glaciers o f  the northern slope 
o f Zailiyskiy Alatau, the Shelek river basin, 
southern  slope o f  Kungei A latau  and the 
Chon-K em in river basin adjacent to the ter­
ritory o f  the Ili basin from the south. Using 
the maps M 1: 25 000 and materials o f the 
1979 and 1990 aerial surveys P.A. Cherkasov 
also made glacier catalogue for the northern 
slope o f  Zailiyskiy Alatau and on the base of 
the data o f  aerial surveys o f  1970-1973 he 
made catalogues for D zhunghar Alatau [18,
22, 25, 32]. Images o f  aerial surveys were 
processed and M 1:25 000 glacier plans were 
made using universal stereophotogrammet- 
rical device «Rom anovskii’s s tereo-projec- 
tor». This m ethod enabled him to get reli­
able information about m orphom etric char­
acteristics o f  every glacier o f  the above gla­
cial systems. Using the outlines o f  glaciers 
made by P. A. Cherkasov, A. L. Kokarev and
I. N. Shesterova determined morphometric 
parameters o f  glaciers on the southern slope 
o f  Dzhunghar Alatau and made the catalogue 
of the state in 1990.

The content o f  the above-described cata­
logues is similar to that of the first catalogue; 
therefore it is a good base for making com ­
parative estimations. However, one should 
keep in m ind  th a t  com parison  o f  the data  
does not completely reflect dynamics of con­
temporary glaciation as the first catalogue 
was based on M 1: 100 000 maps. Technical 
limitations did not enable to map at that scale
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glaciers o f  the area less than 0.1 km 2. M ore­
over, further analysis o f correspondence of 
the first glacier catalogue to the real situa­
tion showed that the catalogue did not have 
information about some glaciers whose area 
was more than 0.1 km 2because they were not 
shown on the 1:100 000 maps. It mainly re­
fers to the Zailiyskiy-Kungei glacier system 
[20, 21, 25, 32]. Characteristics o f D zhung­
har Alatau glaciation, where the areas o f open 
glacier parts were determined by their o u t­
lines in scale 1: 25 000 obtained by transfor­
mation o f aerial photographs on the p ho to ­
transform er by P. A. C herkasov’s m ethod, 
are presented in the first ca ta logue m uch 
more reliably [18, 20, 25, 32].

Independent determination of morpholog­
ical characteristics o f  glaciers on the north ­
ern slope of Zailiyskiy Alatau and the Shelek 
river basin was made by E.N. Vilesov on the 
base of aerial photographs o f 1956, 1979 and 
1990 years using the 1: 25 000 map [156] as 
a reference for glacier outlines; he also de­
te rm ined  c h a rac te r is t ic s  o f  the  s o u th e rn  
slope of Dzhunghar Alatau for their state in
1990. This method used simplified transfer 
o f  glacier ou tlines  from the aerial p h o to ­
graphs to the 1:25 000-scale map. It should 
be noted that differences in the determ ina­
tion of the total glaciation area o f the sou th ­
ern slope o f Dzhunghar Alatau made by two 
groups — A. L. Kokarev & I. N. Shesterova 
and E. N. Vilesov & V. Morozova did not 
exceed 1-5%, which confirms reliability of 
the results.

T he re fo re  we have an o p p o r tu n i ty  to 
com pare param eters  o f  glaciers o f  the Ili- 
Balkhash basin: D zhunghar glacier system 
(1955 and 1972), Zailiyskiy-Kungei glacier 
system (1956, 1975, and 1990) and glacier 
system of the northern slope o f Zailiyskiy 
Alatau (1956, 1975, 1979 and 1990).

One should keep in mind that the data in 
the catalogues made by P. A. Cherkasov and 
E. N. Vilesov & V. N. Uvarov in different years 
differ by the methods o f aerial photographs

processing and by the results. The num ber 
and the area o f  glaciers presented in the first 
catalogue were obtained using the 1: 100 000- 
scale maps and materials o f  the 1956 aerial 
survey. All later catalogues were based on 
the maps o f 1: 25 000 scale. The areas o f 
glaciers in 1979 and 1990 were determ ined 
u s in g  th e  p h o to g ra p h ic  p la n s  m ad e  by 
V ISHA GI [156] or the plans o f  glaciers con ­
structed on the topographic 1:25,000-scale 
maps by processing negatives o f  aerial sur­
v ey s  on  R o m a n o v s k i i ’s s p e c t r o m e te r  
SPR-3M [25, 32].

One cannot disagree with P. A. C herkas­
ov’s opinion that it was impossible to o u t­
line and determ ine the areas o f  small and 
middle-sized glaciers on the photo-plans o f 
high mountain area [25, 32] made by VISHAGI 
[69]. The m ethod o f  processing aerial p h o to ­
graphs used by P. A. Cherkasov — construc­
tion o f  glacier plans in scale 1:25 000 with 
p rocessing  negatives o f  aerial surveys on 
Romanovskii’s spectrometer SPR-3M — does 
not have such disadvantage. Therefore it is 
not surprising that the num ber o f glaciers 
and their area obtained, on the one hand, by 
E. N. Vilesov and V. N. Uvarov, and, on the 
o ther hand, by P. A. Cherkasov differ sig­
nificantly. Especially noticeable is the d if­
ference for the year 1990: by the data  o f  E. 
N. Vilesov and V. N. Uvarov the num ber of 
glaciers on the northern slope o f  Zailiyskiy 
Alatau were 130 glaciers less than by the data 
o f  P. A. Cherkasov. It should be noted that 
discrepancies in the results are mainly ex­
plained by underestim ation o f  the num ber 
o f  glaciers less than 0.1 km 2 (in the determ i­
nations o f  E. N. Vilesov and V. N. Uvarov), 
which significantly affected determ ination 
o f  the total glacier area in the region.

Taking into account the above remarks 
it becomes clear that  in order to es tim ate 
glaciation dynamics it is reasonable to use 
P. A. C h e rk a so v ’s da ta  as m ore re liable , 
whereas for the case o f  glacier area in 1956 it 
is more reasonable to use the results obtained
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by maps o f 1:25,000 scale [156] instead of 
the data presented in the first catalogue where 
m o rp h o m etr ic  ch a rac te r is t ic s  were d e te r ­
mined from the maps of the scale 1:100 000.

Let’s consider variations in the glaciation 
area in the m ountains o f  southeastern  Kaza­
khstan without describing details o f  m orpho­
metric characteristics dynam ics for individ­
ual (they were analyzed in details in m ono­
graph [156]). As ice reserves are functional­
ly connected with the glacier area [23, 32,
89, 92, 99, 156|, one may assum e with con­
fidence that the data o f  glacier area d istri­
bution give reliable in fo rm ation  ab o u t  ice 
resources as a potential source o f flow for­
mation. It should be noted that the data pre­
sented below characterize the area o f open 
glacier parts.

In order to compare the results o f  esti­
mation o f glaciation area in d ifferent years it

is necessary to keep in mind that in the first 
glacier catalogue (the state o f 1956) the gla­
cier area was determined by the map of scale 
1: 100,000. The above-m entioned errors in 
determination o f morphological characteris­
tics by the maps of the scale 1:100,000 make 
comparison of the first glacier catalogue with 
the data o f  the later one not correct. There­
fore it is reasonable to take as a reference 
value (instead o f  that given in the first gla­
cier ca ta logue) the glacia tion  area o f  the 
northern slope o f  Zailiyskiy Alatau correct­
ed by E. N. Vilesov and V. N. Uvarov by the 
materials o f  the 1955-1956 aerial survey and 
maps o f 1:25,000 scale [156]. In this way we 
will obtain comparable data on glaciers area 
on the northern slope o f  Zailiyskiy Alatau 
for years 1955, 1975, 1979 and 1990.

The results of comparative analysis are 
presented in Table 11, Table 12 presents two

Table 11. Change of the glaciation area of the northern slope of Zailiyskiy Alatau 
for the period from 1955 to 1990

A uthors o f an 

estim ation of

G laciation  area, 

km 2

R eduction o f glaciation 

area during the period, km2

A nnual rate o f glaciation reduction 

for the period , %

characteristics km 2 %
of glaciation 1955 1979 1990 1955-

1979
1979-
1990

1955-
1990

1955-
1979

1979-
1990

1955-
1990

1955-
1979

1979-
1990

1955-
1990

P. Cherkasov 271,2 228,2 204.7 43,0 23.5 66,5 1.798 2,136 1.900 0,661 0.936 0.700
E. Vilesov & 
V. Uvarov 272,8 229,05 203,54 43,75 25,51 69.26 1,823 2,319 1.979 0,668 1,012 0,725

Table 12. Change of the glaciation area of the northern slope of Zailiyskiy Alatau 
for the period from 1955 to 1990

A uthor
G laciation area, 

km 2
R eduction o f glaciation area during 

the period, km 2
A nnual rate o f glaciation reduction 

for the period , %

1955 1975 1979 1990 1955- 1955- 1975- 1975- 1979- 1955- 1955- 1955- 1975- 1975- 1979- 1955-
1975 1979 1979 1990 1990 1990 1975 1979 1979 1990 1990 1990

C her­
kasov 271,2 240.4 228,2 204,7 30,8 43,0 12,2 35,7 23,5 66,5 0,568 0,661 1,269 0,990 0,936 0,700
Vilesov
& 287,3 - 229,0 203,5 - 58,3 — — 25,5 83,8 _ 0,846 _ _ 1,012 0,833
Uvarov

O btai­
ned 287,3 240.4 228,2 204,7 46,9 59,1 12,2 35,7 23,5 82,6 0,816 0,857 1,269 0,990 0,936 0,821
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variants of the results of determinations. In 
the first variant total area o f the open glacier 
part given in the first glacier ca talogue (it 
was determined by maps o f  scale 1:100 000 
[32, 156]) was taken as the reference value. 
The second variant used as reference value 
the total area o f the open glacier part cor­
rected by the materials o f  aerial survey and 
topographic maps of scale 1:25 000 [156]. It 
is not difficult to see that using the same 
initial data (glaciation area from the first gla­
cier catalogue) two variants give less than 
1% difference between the values o f  glacia­
tion areas for 1979 and 1990 (Table 12). There­
fore in spite of different m ethods used for 
area determination their results are iden ti­
cal, which in its turn verifies their validity. 
However, taking into account specific fea­
tures o f  the methods used for determ inations 
one may conclude that P.A. Cherkasov’s re­
sults are more reliable. That is why they were 
taken for all further calculations (line 3 in 
Table 12). The only exception is calculation 
of the glaciation area in 1956, where E. N. Vi­
lesov and V.N. Uvarov’s data obtained by the 
maps o f 1:25,000 scales [156] were used.

As we see (Table 11) using total glacier 
area given the first catalogue (271.2 km 2) we 
get average rate of reduction o f glaciation area 
for the period from 1955 to 1990 equal 0.70% 
per year, using corrected data o f glaciation 
area in 1956 (287.3 km 2) we get the value of 
degradation rate equal to 0.82% per year. One 
should pay attention to the fact that the rate

o f  reduction o f  degradation area increased 
during the period under consideration (Fig. 8).

If in the period from 1955 to 1975 the 
rate of degradation was 0.816% per year, in the 
period from 1975 to 1979 it already exceeded 
1.27% per year. As it is seen from Figure 1 a 
sharp ju m p  o f  the rate o f  glaciation degrada­
tion happened in the second half o f  1970s 
(Figure 8, Table 12). The same character of 
glaciation dynam ics was observed for the 
Yazgulem river in the Western Pamirs [62].

Table 13 presents the data on degradation 
o f  the glaciation area o f  the most well s tud ­
ied Zailiyskiy-Kungei glacier system. One 
should keep in mind that the colum n «cor­
rected» contains glaciation areas corrected by 
multiplying on coefficient 1.06. This coef­
ficient was obtained as a ratio o f  initial va­
lues of (1955/56) o f total glacier area deter­
mined for the northern slope o f Zailiyskiy 
A latau by the maps o f scale 1:25 000 and 
1:100 000. T he table shows territorial and 
t ime non-uniform ity  o f  the rates o f  glacia­
tion degradation in the studied region. In the 
period from 1956 to 1975 maximal rate o f  gla­
ciation reduction 1.241% per year was ob ­
served on the southern  slope o f the ridge 
Kungei Alatau and the minimal rate (0.26% 
per year) — in the C hon-K em in  river basin. 
The rate o f  reduction o f glacier area in the 
Shelek river basin(0.602% per year) was also 
m uch smaller than that for Zailiysk iy-K un­
gei glacier system. The reasons for high rate 
o f  degradation o f  southern slope o f  Kungei

R, %  / year
Mi----------------------------------------------------------------------------- ------ -----

Fig. 8. C hanges o f the rate /  \
o f  reduction  o f  degradation  /  \
area on the  no rthern  slope ....................... " ..........................................

o f Zailiyskiy A latau  У  ~—  ----------------  

0,6______________________ __ _________________________________! car
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Table 13. Changes of the total area of the open glacier parts in Zailiyskiy-Kungei glacier system during
the 1955/56-1990 periods

G laciation area, km 2 Среднегодовой темп сокращ ения, %
Re­

gion

1955

U nder

/56

G lacier
C atalogue

Corrected 1975 1979 1990 1999 1955/56-
1975

1975-
1979

1979-
1990

1990-
1999

1975-
1990

1955/56-
1990

1955/56-
1999

1 135,7 143,8 109.9 (103.5) (92.5) 84.1 1,241 1.456 0.966 1.009 1.056 1.049 0.965
2 137,4 145,6 138.4 (131.9) (121.4) 114.9 0,260 1.174 0.723 0.595 0.819 0.489 0.490
3 271,2 287,3 240,4 228,2 204.7 188.2 0,816 1.269 0.936 0.896 0.990 0.821 0.784
4 276,9 293,5 259.9 243.8 222,6 (204.0) 0,602 1.549 0.790 0.928 0,957 0,603 0.723

N ote: 1 - Sou thern  slope o f  K ungei A la tau ; 2 - the C hon -K em in  basin ; 3 - no rthern  slope o f  Z ailiyskiy  
A latau ; 4 - the Shelek river basin.

The first glaciers catalogue o f 1 and 2 regions is made as o f 1956, o f 3 and 4 regions - as o f 1955. In brackets 
the values designed on a ra tio  o f the areas o f  g laciation  in the  given basin and on northern  slope o f  Z ailiyskiy 
A la tau  ridge are resu lted . П лощ адь оледенения за 1999 г. определена на основе устойчивы х соотнош е­
ний площади контрольны х ледников, вы явленной by Т. Bolch [13 ] по космическим сним кам  A STER 
T ER R A , и суммарной площ ади оледенения данного бассейна(района) в пределах Заи лий ско-К унгей - 
ской  ледниковой  системы.

Alatau are quite obvious but slower rates of 
degradation o f the Shelek and C hon-K em in  
river basins are not clearly understandable.

The main reason for relatively slow re­
duction of glaciation area in the latter basins 
is, from our point o f  view, their orography 
and considerable increase of the summer frac­
tion o f precipitations in the annual sum in 
the direction from west to east. The investi­
gations showed that the fraction o f  summer 
precipitations in the Shelek river basin was 
much higher than that on the northern slope 
of Zailiyskiy Alatau and it was also estab­
lished that the fraction o f  sum m er precipi­
tations in their annual am ount increased in 
the direction from west to east in all the Tien 
Shan area including Eastern (Chinese) Tien 
Shan [124]. Often sum m er precipitations the 
overwhelming part o f  which falls ou t in sol­
id form in glarier region promote glacier «con­
servation» and reduce intensity o f their melt­
ing. Similar conditions probably exist in the 
Chon-K em in river basin open for intrusion 
of m oisture-carrying air masses from west 
and northwest.

M ost in tensively  the glacia tion  o f  the 
region was reduced in second half of 70s when

in all considered areas rates o f  reduction of 
glaciation area made from 1,17 up to 1,55 % 
per year (table 14). During this period in the 
region were observed it is abnormal high of 
sum m er temperatures (June - August) on a 
background o f essentially smaller repeatabil­
ity o f  summer snowfalls in glacial-nival belt.

Considerable territorial and time differ­
ences in the rates o f  recession o f glaciation 
area — from 0.816% per year in 1955-1975 to 
1.269% per year in 1975-1979 in Zailiyskiy 
Alatau (Table 12) and from 0.260 to 1.241% 
per year in 1956-1975 in C h o n -A k su  and 
C hon-Kem in basins once again show that in 
order to estimate glaciation dynam ics in a 
certain basin or area it is not recom m ended 
to use the values obtained for a neighboring 
area and even to use average values for the 
whole glacier system [32, 128]. As it is seen 
from the above data (Table 14) the average 
annual rates o f  decrease o f  glaciation areas 
may be different even for neighboring basins. 
This conclusion is well illustrated by table 
15 which presents characteristics o f  glacier 
degradation in Dzhunghar glacier system.

It is interesting to consider territorial dis­
tribution o f  glaciation area: average rate of
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Table 14. Variation of total glacier area (pure ice) of Dzhunghar glacier system  
for the period from 1956 to 1990

Region, river basin
G laciation area, km 2 Annual rate o f glaciation reduction 

for the period , %

1956 1972 1990 1956-1972 1972-1990 1956-1990

Southern slope o f D zhunghar A latau ridge 242,1 194.1 153.0 1.239 1.175 1.082
Karatal river basin 214,6 176.0 149,1 1.123 0.846 0.895
Bien, Aksu, Lepsy rivers basins 312,3 245.3 218,6 1.342 0.603 0.884
Tentek and Yrgaity rivers basins 93,7 83.8 70,9 0.662 0.859 0.715
D zhunghar glacier system  as whole 862,7 699.2 591.6 1.185 0.854 0.924

N ote: In 1990 glaciers o f area less than  0.1 km 2 were taken  in to  account. T he area o f g laciation  in 1956 
was determ ined by the C atalogue [17, 18] tak ing  in to  acco u n t coeffic ien t К =  1.06 ob ta ined  as the  ra tio  o f 
g lac ia tion  area d e te rm ined  by 1:100, 000 m aps to  th a t d e te rm in ed  by 1:25,000 m aps. T he S o u th e rn  
D zhungharia  g laciation  area ob tained  by th e  data  o f A. L. K okarev and I. N . S hesterova using  g lacier 
boundaries ou tlined  by P.A . C herkasov  on 1:25,000 m aps.

the glaciation area shrinking (for the period 
from 1956 to 1972) was 1.185% where maxi­
mal values (1.342% and 1.239%, respective­
ly) refer to northern and southern slopes of 
the ridge D zhunghar Alatau. Minimal val­
ues of degradation (0.662% per year) refer to 
the eastern part o f  the mountain  system — 
the Tentek and Yrgaity river basins. These 
results show the influence o f orography and 
the above-mentioned effect of increase o f the 
fraction of summer precipitations in the an ­
nual am ount from west to east. We th ink 
that with a rather high degree o f  certainty it 
may be concluded that relatively low rates 
o f  glacier shrinking are characteristic o f oro- 
graphically closed (with respect to dom ina t­
ing direction of atmospheric moisture trans­
fer) basins o f eastern orientation. The exam ­
ples o f  such basins are the Shelek river basin 
in the Northern Tien Shan and the Yrgaity 
basin in D zhunghar Alatau.

Significant territorial d istinctions o f  gla­
ciation degradation rates are characteristic 
also to other glacial systems of the Central 
Asia (Table 15).

It should be noted that the data on the 
glaciation area presented in the above table 
are taken from the Catalog of Glaciers which 
was prepared by highly skilled professionals, 
which should exclude the possibility o f  sig­

nificant mistakes. Nevertheless, the shown 
rates o f  glaciers reduction (up to 2,6 % /year 
in left tributaries o f  Syrdarya river[4, 85]) 
and their regional distinctions are difficult 
to explain. The reasons for abnormally small 
rates of degradation of glaciation in the right 
tributaries of Pyandzh river lower a m outh  
o f Vanch river (0,32 % one year) and in Muk- 
su river basin (0,27 % one year) are not clear 
either. The reason could be that these basins 
concentrate the most significant mass o f gla­
ciation o f the region, including the largest 
Fedchenko glacier. As such, it could be as­
sumed that the presence o f large areas o f a 
glacial surface determines essentially lower 
tem perature  background and, accordingly, 
the rates o f degradation o f  glaciation are ra­
ther small. Could it be a reason for a time 
gradient o f average summer temperatures on 
A ltynm azar meteorological station (M uksu 
river basin) in 1962-1991 was negative rela­
tive to the prior 30-year period [4]? Or whether 
the mechanism of self-regulation o f glaciers
- the greater the background temperature, the 
greater the cooling effect of the glacier sur­
face - is revealed that way?

Interesting regularities may be revealed 
when analyzing variations o f  dimensions o f 
individual glaciers. It turned out that in spite 
of the total background of glacier area shrinking
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Table 15. Long-term changes of glaciation area of the Central Asia (on data [4, 85])

B asin / region Year
G laciers

area,
km 2

Year
G laciers

area,
km 2

Losses 
the area for 

the period, km 2

Rate 
o f  g laciation  area 

reductions % /year

D ura tion  
o f period, 

years

W estern  T ien Shan 1957 170,8 1980 146,8 24,0 0,61 23
V anch river 1957 344,8 1980 291,6 53,2 0,67 23
G u n t river 1957 534,1 1980 441,1 94,0 0,76 23
M atcha river 1957 506,0 1980 437,9 68,1 0,58 23
W estern K yzylsu river 1966 527,3 1980 486,4 40,9 0,55 14
M uksu river 1966 2064,8 1980 1987,5 77,3 0,267 14
O bikhingou river 1957 810,2 1980 705,1 105,1 0,56 23
Pyandzh river(l) 1957 383,7 1980 268,9 114,8 1,30 23
Pyandzh river (2) 1957 52,0 1980 48,1 3,9 0,32 23
Syrdarya river (1) 1964 548,1 1980 449,6 98,5 1,12 16
Syrdarya river (2) 1964 303,9 1980 180,1 123,8 2,55 16
S hakhdara river 1957 216,3 1980 166,7 49,6 1,00 23
Y azgulem  river 1954 330,4 262,7 67,7 0,79 26
T otal, average 6793,4 5872,5 920,9 0,65 21

T he note: Pyandzh (1) - righ t tr ib u ta rie s  o f  Pyandzh river are h igher o f a m ou th  o f  G u n t river; Pyandzh 
(2) - right tribu taries o f Pyandzh river are low er o f m outh  V anch river; Syrdarya (1) - the left tribu taries from  
m outh  o f  Aksu river and are low er; Syrdarya  (2) left tribu taries o f  Syrdarya river from  m outh  o f  K aradarya 
river up to m outh  A ksu river.

in the period from 1955 to 1975 31% o f  369 
glaciers on the northern slope o f  Zailiyskiy 
Alatau and Shelek river basin, for which the 
data are available, increased in sizes. Total 
increase of the area o f  the above glaciers for 
the studied period was 15.7 km 2. In the period 
from 1975 to 1990 the fraction o f  glaciers 
with positive balance decreased to 2.4% of 
the total num ber o f  s tudied glaciers (369). 
As a whole the area o f glaciers on the nor­
thern slope of Zailiyskiy Alatau and Shelek 
river basin for the period from 1956 to 1990 
decreased by 135.4 km 2. It should be noted 
that each glacier has its individual charac­
teristics and its regime may differ not only 
from average charac te ris t ic s  o f  the whole 
system but even from the characteristics of 
the neighboring glacier.

The reasons of these distinctions by in­
fluence of big variety o f  local factors - from 
features of orography and a relief up to morpho­
logical type of a glacier and an exposition of 
slope [89] are appreciably determined. The 
effect o f  the latter features on the firn line

a lt i tude to a great ex ten t depends on the 
glacier size [120, 121, 124, 125]: the bigger 
the glacier, the lesser the effect should be. 
Based on this, we made an attem pt to con­
struct the dependence of the firn line altitude 
Hf  on the area o f  the glacier’s open part F. 
For all the regions with well-developed gla­
ciation, the dependences H  =f ( F)  proved to 
have the same type: as the glacier area in ­
creases, the range of variations in the firn line 
altitude decreases rapidly and after reaching 
a certain limit remains virtually constant. It 
is worth mentioning that glaciers o f the same 
morphological type and with the same area 
can have firn line altitude near the upper and 
lower limits of the relationship under consid­
eration [121, 124, 125]. The glaciers o f  flat 
summits were not considered in this study, 
because the firn line on them frequently lies 
much higher than its background position 
due to a part o f  snow precip ita tion  being 
carried away.

Parameters  o f the equations co n s tru c ­
ted for the curves enveloping point fields for
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Fig. 9. D ependence o f  the firn  line Hf  on  the  area 
o f the glacier F. 1 — the  A ltai, Sayany;

2 — the D zhungarsk iy  A latau ; 3 — the T ien  Shan;
4 -  the  Pam ir-A lai; 5 -  the G rea t C aucasus;
6 -  the A lps; 7 — co n tin u o u s field o f  po in ts;
8 — zone, w here area o f glacier is show n o u t 

o f scale (F>  20 km 2)

relationship Hf =f ( F)  in different regions are 
very close. This fact served as a basis for 
averaging the construction results for all the 
glacial regions in the southern  part o f  the 
former USSR. The generalized plot o f  the 
dependence H =f ( F)  is presented in Fig. 9.

As it can be seen from Fig. 9, the depen­
dence o f the firn line altitude on the glacier 
area has an asymptotic character: for F > 13— 
14 km 2, the increase in glacier area produces 
no effect on the firn line altitude. It seems 
quite natural: with the glacier size growing, 
the effect o f  local non-climatic characteris­
tics on firn line altitude becomes less, and 
the role o f macroclimatic conditions m ani­
fests itself more and more distinctly; the lat­
ter refers to the ratio o f  total heat income to 
annual sums of snow precipitation charac­
teristics for the region as a whole. The cha­
racter o f  dependences H f =  f  (F) appears to 
suggest that  on the glaciers with the area 
exceeding  the critica l lim it, the firn  line

a lt i tude  is determ ined  prim arily  by back­
ground macroclimatic characteristics o f the 
given region.

We have already obtained a similar de­
pendence with the same threshold value F 
by comparison of average annual rates o f  re­
duction of glaciers size (?F,%/year) and their 
area F [128]. However, as against considered 
dependence t f f =  /  (F), it is not universal. 
The position of points on a field o f depen­
dence ДҒ =  f(F), including zone F > 14km2, 
can change in course of time depending on a 
phase  o f glacia tion deve lopm en t.  D uring  
degradation of glaciers they will be displaced 
in a zone of positive values ?F, and during 
approach of glaciers - in a zone o f negative 
values. Constant there is only a fact o f  pre­
sence of threshold value F (14 km2) with which 
excess, the mode of a glacier is determined by 
macroclimatic conditions of area at as much 
as possible limited influence o f local factors.

Thus, with a high degree o f certainty we 
may state that glacier variations are largely 
determined by their d imensions and the area 
of 13-14 km 2 is a threshold area: when the 
size o f a glacier is greater than the threshold 
size its regime is mainly determined by m ac­
ro c lim a tic  co n d i t io n s  o f  the  reg ion  w ith  
slight influence o f local factors. Obviously 
regular observations on the glaciers o f  area 
exceeding the threshold one are o f  great in­
terest  for solving problem s o f  in terac tion  
between glaciation and clim ate because in 
this case influence o f macroclimatic condi­
tions is revealed with minimal d istortions. 
U nfortunate ly , nowadays regular observa­
tions on such glaciers are not carried out on 
all territory of the CIS.

Analysis o f  factual inform ation does not 
leave doubts that the rate o f  glacier degrada­
tion practically does not depend on either 
exposure or glacier morphological type: gla­
ciers o f all morphological types and expo­
sures are distributed on the graphical field 
T = f(F  ) more or less uniformly in all T  range. 
Hence, there are grounds to suppose that the
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above-m entioned high rate o f  glacier degra­
dation on southern slopes o f Kungei Alatau 
and D zh u n g h ar  Alatau ridge is caused by 
glacier reaction on a higher temperature back­
ground typical o f  southern macro-slopes of 
southern mountain ridges.

Different air temperature on macro-slopes 
of different exposures is expressed in different 
altitude o f firn line (climatic snow bounda­
ry) on differently oriented slopes. These dif­
ferences are clearly seen in all m ountain  re­
gion and they are rather stable in space. In 
the m ountains  o f the southern  part o f  the 
CIS (Caucasus, Pamir, Tien Shan, Altai) the 
altitude difference between firn lines on the 
northern and southern macro-slopes is about 
200 m [120, 125]. For vertical air tem pera­
ture gradients typical o f  ablation period it is 
equivalent to 1.3-1.4 °C. This difference o f 
background tem peratures determ ines more 
intensive degradation o f  glaciation on sou­
thern macro-slopes o f m ountain  ridges.

The fact that rate o f  glacier degradation 
practically does not depend on their expo­
sure is a direct evidence o f determining con ­
tribution of relative higher background air 
temperatures in the thermal balance o f gla­
cier surface on m acroslopes o f  a sou thern  
exposition.

However, the above-m entioned d ifferen­
ces in background temperatures on opposite- 
oriented macro-slopes are a direct result o f  
differences in the am ount o f  solar radiation 
received by northern and southern slopes.

The above results confirm validity of con­
clusion that it is necessary to be very care­
ful when app ly ing  ch a rac te r is t ic s  o f  gla- 
ciological regime obtained by the results o f  
observations on one glacier, even a «repre­
sentative» one with decades o f observations 
(for example, Tuyuksu  glacier in Zailiyskiy 
Alatau and Shumskiy glacier in Dzhunghar 
Alatau), to determine characteristics o f  some 
other glaciers. There may be considerab le 
differences between glaciers and their ch a­
racteristics may even have opposite signs.

But it is quite reasonable to use this method 
when considering dynamics o f the whole gla- 
ciological systems uniting hundreds of gla­
ciers. We calculated variations of the area of 
each glacier of Zailiyskiy-Kungei glacier sys­
tem for different time period in the interval 
from 1955 to 1990 using the average values 
of the rates o f  reduction o f total glacier area 
obtained for the whole glaciological system. 
It turned that calculated area differed from 
the factual area by less than 10%.

It should be noted that average rates of 
reduction of total glacier area obtained for 
Zailiyskiy-Kungei and D zh unghar  glacier 
systems for the last decades (taking glacier 
areas  in the  f irs t  c a ta lo g u e  as re fe ren ce  
values) gave practically the same values as 
the results o f  similar calculations in other 
regions of Tien Shan and Pamir [6, 9, 55, 116]. 
It is evidence that one trend in the current 
changes of the state of glaciation in the m oun­
tains of Central Asia and Kazakhstan and 
gives ground to assume that average rates of 
reduction of glaciation area obtained in dif­
ferent periods of time for Zailiyskiy-Kungei 
and Dzhunghar glacier systems into account 
territorial differences in the intensity of deg­
radation) may be used for calculations of the 
corresponding characteristics in other m oun­
tain areas o f Central-Asian region.

3.5.1. Variations o f  glacier resources

Prior to presenting the results of glacier 
resources estimation it should be noted that 
information about dynamics of ice resour-ces 
is very limited. For Dzhunghar glacier system 
reliable determination of ice resources was made 
only for 1972 [18, 32]. P. A. Cher-kasov deter­
mined glacier volume separately for three mor­
phological groups of glaciers — the main val­
leys, hanging valleys and circus, and hanging 
glacier of mountain slopes. Calculations were 
made using three different equations (for three 
morphological groups of glaciers) derived by 
P. A. Cherkasov from ana-lyzing o f the ratio 
of plan glacier sizes and glacier volumes de­
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termined by the materials o f radiolocation 
survey and ground-based observations [ 19, 20,
23, 94], Therefore the total volume of glaciers 
on the northern slope of Zailiyskiy Alatau — 
8.43 km3 — obtained by P. A. Cherkasov is to 
be considered as more reliable result.

The glacier volume was determined for 
Zailiyskiy Alatau in 1955, 1979 and 1990 [ 19,
20, 22, 25]. Calculations for all morphologi­
cal types of glaciers were made using Mazo- 
Glazyrin equation [99], which was derived 
for glaciers in stationary state and hence as 
supposed P. A. Cherkasov it could not be ap­
plied to contemporary degrading glaciers and, 
what is more, it contains a systematic error
[32]. U nfortunately we had no opportunity  
to compare the results o f  determ inations of 
ice volum e o b ta ined  by the  ab o v e - l is ted  
au tho rs  as they  m ade ca lcu la t io n s  o f  ice 
reserves in the Zailiyskiy-Kungei glacier sys­
tem for different years: P. A. Cherkasov only 
d e te rm in e d  ice re se rves  fo r  1974 (1975) 
whereas E. N. Vilesov and V. Uvarov deter­
mined ice reserves for 1955,79 and 90 [151-155].

It should be noted that at the same ini­
tial conditions when as initial data (1956) the 
above authors used glacier areas determined

by 1:100,000 maps the values of total glacier 
areas in the Zailiyskiy-Kungei glacier system 
obtained by P. A. Cherkasov and E. N. Vilesov 
& V. N. Uvarov differ by not more than 1%. 
Taking into account that equations used by 
both authors in the above calculations are based 
on the ratio between glacier area and volume 
one may suppose that in spite o f  different ap­
proaches the results of calculations of ice reser­
ves in glaciers should not differ considerably.

R econstructed  value for ice reserves in 
1955 enables to make a comparative estim a­
tion of the total glacier volume on the north ­
ern slope o f Zailiyskiy Alatau and the Shilik 
river basin for the period of 4 years — 1955, 
1975, 1979 and 1990 and for D zhunghar Ala­
tau -  for 1956, 1972 and 1990. Corresponding 
initial data and the results o f  estimation of 
variation of glacier reserves are presented in 
Table 16. As it is seen the rate of ice reserves 
reduction is not constant either in space or 
in time. In Zailiyskiy-Kungei glacier system 
maximal rate o f glacier area reduction is ob ­
served for the southern slope o f the ridge 
Kungei Alatau, where its average value for 
the period from 1956 to 1975 was 1.80% per 
year (Table 16), whereas the average value

Table 16. Reduction of ice reserves in the mountains of mountain ridges of Northern Tien Shan 
and Dzhunghar Alatau for the period from 1955/56 to 1990

Ice reserves, km 3 Average annual reduction rate, %

Region, river basin 1955/56 1972 1975 1979 1990 1955/56-
1972

1955-
1975

1975-
1979

1972-
1990

1979-
1990

1955/56-
1990

Zailiyskiy-Kungei glacier system
Southern slope
o f the ridge Kungei A latau (6.6) 4.34 1.802
C hon-K em in river basin (6.7) 6.22 0.377
N orthern slope o f the ridge
Zailiyskiy Alatau (13.2) 11.34 8.83 8.43 0.704 5.534 0.412 1.032
Chilik river basin 16,04 16.96 13.73 12.76 4.762 0.642 0,584
Total (42.5) 38.86 0.451

Dz hunghar glacier system
Southern slope o f the ridge ]
D zhunghar A latau (11.1) 8.12 6.14 1.678 1.355 1.314
Karatal river basin (9.8) 8.05 6.83 1.116 0.842 0.891
Bien, Aksu and Lepsy river
basins (14.3) 12.1 10.03 0.962 0.9504 0.8782
Yrgaity and Tentek river basins (4.3) 3.94 3.25 0.523 0.9729 0.7182
Total (39.5) 32.2 26.25 1.155 1.0266 0.9866



for all glacier system for the same period was
0.45% per year. The highest rate of decrease 
of ice reserves was registered in the period 
from 1974 to 1979 when on the no rth ern  
slope o f Zailiyskiy Alatau it was more than 
5.53% and tin the Shilik basin — 4.76% per 
year. Such rate o f  degradation was probably 
caused not only by unusually high sum m er 
and annual average air temperatures but also 
by small am ount o f  sum m er precipitations. 
Annual accumulation on Tuyuksu glacier for 
that period was on average about 84 g /c m 2, 
which is almost 20% less than the average 
value for the 1956-1974 period.

In Dzhunghar Alatau maximal ice losses 
for the period from 1956 to 1972 were o b ­
served on the southern slope o f the ridge (the 
Khorgos and Usek rivers). In that area the 
average rate of glacier degradation was almost
1.8 times higher than that for the whole gla­
cier system. A much slower rate o f  reduc­
tion o f ice reserves in the period from 1956 
to 1972 (1.12% per year) was also observed 
for the glaciers in the Karatal river basin. 
Probably, this phenom enon as well as that 
in the C h o n -K e m in  basin  was caused  by 
orography: the basins o f  Kora, Chizhe and 
Koksu within the area o f contem porary gla­
ciation o f the Karatal river have the m ost 
favourable orientation for prevailing direc­
tion o f  a tm o sp h eric  m o is tu re  t ransfe r .  It 
should be noted that the ratio (1.5) o f  aver­
age rates o f reduction o f  ice reserves in the 
glaciers on the southern slope o f Dzhunghar 
Alatau and in the Karatal river basin in the 
period from 1956 to 1972 glacier remained 
almost the same in the period from 1972 to

1990 when the ice reserves on southern slope 
of the ridge decreased by 1.6 times faster 
than those in the Karatal river basin. For the 
period from 1956 to 1990 this ratio was on 
average equal to 1.47. The slowest rate (0.52 
per year) o f  reduc tion  o f  ice reserves in 
D z h u n g h a r  A la tau  was reg is te red  in the 
Yrgaity and Tentek rivers.

3.5.2. Ice resources o f  Chinese part 
o f  the Ili river basin

According to the data of the Catalog of gla­
ciers of China [50], there are 2,373 glaciers of 
the total area 2022,66 km2 (Table 17) in the Ili 
river basins at the territory o f Chinese.

With a comparatively large glacier size 
scale (from one th ousand ths  to three and 
m ore decades km 2), the m ajority  o f  these 
2,172 glaciers (91,5 % of the total number) 
are considered small with an area less than
2,0 km 2 (Table 18). Their total area is 807,32 
km 2, which makes up only 40 % of the total 
area o f glaciation in Ili river basin at the ter­
ritory of China. In total 178 glaciers (7,5 % 
of the total number) have the area from 2,0 
to 10 km 2 each; together they make up 35,6 
% of the total area o f  glaciation at the con­
sidered territory. Though there are not many 
large glaciers (with the area o f  each glacier 
exceeding 10 km2) in the basin (only 23), they 
occupy the area o f  more than  495 km 2 or
24,5 % of the total area o f freezing. The main 
glaciation areas are located in three basins 
Tekes, Keksu and Kash where 84% of the 
total number of glaciers and 93% of the total 
area o f glaciation of the Ili river basin at the 
territory of China are located.

Table 17. Glaciation of the Chinese part of the Ili river basin

River basin The area 
o f basin, km 2

Q uantity  
o f glaciers

G lacia tion  
area, km 2

Average height 
o f firn borders, km

The maximal height 
o f a glaciation, km

The minimal height 
o f a glaciation, km

Khorgos 3240 131 55,22 3,63 4,50 3,10
K ash 8656 551 421,60 3,66 4,58 2,92
Kunes 4123 250 95,68 3,71 4,16 3,22
Keksu 5379 625 421,58 3,84 4,99 2,52
Tekes 27402 816 1027,58 3,73 5,90 2,64
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Table 18. Distribution of quantity and area of glaciers by main basins

The area Khorgos Kash Kunes

o f glaciers, Q uantity Area Q uantity Area Q uantity Area

km 2 n % km2 % n % km2 % n % km2 %

1 2 3 4 5 6 7 8 9 10 11 12 13

0,5 98 74,81 18,03 32,65 399 72,42 74,38 17,64 194 77,60 35,81 37,04
0,51-1,0 22 16,79 15,08 27,31 62 11,25 42,98 10,20 30 12,00 20,29 20,99
1,01-2,0 6 4,58 8,81 15,95 48 8,71 69,54 16,49 21 8,40 27,09 28,02
2,01-5,0 5 3,82 13,30 24,09 29 5,26 84,24 19,98 5 2,00 13,49 13,95
5,01-10,0 8 1,45 49,00 11,62
10,01-15,0 1 0,18 10,50 2,49
15,01-20,0 3 0,55 55,90 13,46
>20,0 1 0,18 35,06 8,32
Total 131 100 55,22 100 551 100 421,60 100 250 100 96,68 100

Continius table 18

The area Keksu Tekes Total

o f glaciers, Q uantity Area Q uantity Area Q uantity A rea

km2 n % km2 % n % km2 % n % km2 %

1 14 15 16 17 18 19 20 21 22 23 24 25

0,5 440 70,40 81,02 19,22 531 65,07 107,92 10,50 1662 70,04 317,16 15,68
0,51-1,0 88 14,08 62,84 14,90 114 13,97 77,87 7,58 316 13,32 219,06 10,83
1,01-2,0 44 7,04 60,84 14,43 75 9,19 104,82 10,20 194 8,18 271,10 13,40
2,01-5,0 41 6,56 123,22 29,23 50 6,12 156,21 15,20 130 5,48 390,46 19,30
5,01-10,0 10 1,60 65,25 15,48 30 3,68 215,36 20,96 48 2,02 329,61 16,30
10,01-15,0 1 0,16 10,24 2,43 5 0,61 58,88 5,73 7 0,29 79,62 3,94
15,01-20,0 1 0,16 18,17 4,31 6 0,74 106,29 10,35 9 0,42 180,36 8,92
>20,0 5 0,62 200,23 19,48 6 0,25 155,29 11,63
Total 625 100 421.58 100 816 100 1027,58 100 2373 100 2022,66 100

The area o f the average hypothetic  gla­
cier at the Chinese part o f  the Ili river basin 
am ounts to 0,85 k m 2. However sizes o f  an 
average glacier in some basins amount to 0,39 -
1.26 km 2. The m inim um  values o f  the «ave­
rage glacier» are typical for the basins  of 
Kunes (0,39 km 2) and K horgos (0,42 k m 2) 
rivers: here the disperse type o f glaciation 
prevails and the num ber o f small glaciers is 
high. These values are higher for Kash river 
basin (0,76 km2) and Keksu river basin (0,67 km2), 
with a prevailing semi-disperse type of gla­
ciation. The highest weighted average value 
of the area o f the glaciers is typical for glaci­
ation at the Tekes river basin and equals to
1.26 km2. The largest glaciers o f  the whole

Ili river basin such as A rchachinter (K33 by 
catalog) with an area of 48,6 km 2, LI 13 gla­
c ie r  w i th  an a rea  o f  44,32 k m 2, g lac ie r  
E89 with an area of 39,68 km 2 and glacier G48 
with an area of 34,96 km2, the share o f the 
smallest glaciers is significantly less than in 
o ther basins.

The d is tribu tion  of the glaciation area 
s ign if ican tly  depends from  the lay o u t  o f  
slopes (Table 19). The most glaciers are lo­
cates at slopes o f Northern  quarte r o f  the 
horizon: glaciers of N orthern  point (C3, C, 
CB) within the Chinese part o f  the Ili river 
basin am ount to 68 % of the total num ber of 
the glaciers and 70 % of their  area. Only 
14,5% of the total number of the glaciers and
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Tabic 19. Distribution of glaciers by exposition in main basins

K horgos Kash Kunes

Exposition Q uantity Area Quantity Area Q uantity Area

n % km2 % n % km2 % n % km2 %

1 2 3 4 5 6 7 8 9 10 11 12 13

NW 32 24,43 11,59 20,99 72 13,07 27,45 6,51 39 15,60 11,74 12,14
N 33 25,19 13,98 25,32 207 37,57 146,33 34,71 105 42,00 46,53 48.13
N E 22 16,79 14,70 26,62 90 16,33 39,62 9,40 58 23,20 19,12 19,78
E 3 2,29 1,06 1,92 46 8,35 30,53 7,24 12 4,80 6,51 6.73
SE 17 12,98 6,70 12,13 26 4,72 32,64 7,74 9 3,60 2,26 2,34
S 5 3,82 1,15 2,08 33 5,99 67,06 15,91 4 1,60 1,14 1,18
SW 9 6,87 2,71 4,92 28 5,08 43,29 10,27 9 3,60 2,84 2,94
W 10 7,63 3,33 6,03 49 8,89 34,68 8,22 14 5,60 6,54 6,76
Total 131 100 55,22 100 551 100 421,60 100 250 100 96,68 100

Continius table 19

Keksu Tekes Total

Exposition Q uantity Area Q uantity Area Q uantity Area

n % km2 % n % km2 % n % km2 %

1 14 15 16 17 18 19 20 21 22 23 24 25

NW 117 18,72 63,75 15,12 145 17,77 122,48 11,92 405 17,07 237,01 11,72
N 200 32,00 229,17 54,.36 219 26,84 504,04 49,05 764 32,19 940,05 46,48
N E 128 20,48 39,70 9,42 153 18,75 119,17 11,60 451 19,00 232,31 11,48
E 44 7,04 21,29 5,05 62 7,60 58,14 5,66 167 7,04 117,53 5,81
SE 22 3,52 6,29 1,49 37 4,53 15,32 1,49 111 4,68 63,21 3,12
S 8 1,28 3,38 0,80 39 4,78 26,17 2,55 89 3,75 98,90 4,89
SW 35 5,60 20,08 4,76 64 7,84 39,09 3,80 145 6,11 108,01 5,34
W 71 11,36 37,92 9,00 97 11,89 143,17 13,93 241 10,16 225,64 11,16
Total 625 100 421.58 100 816 100 1027,58 100 2373 100 2022,66 100

13,4 % of the glaciation area are located at 
the south quarter o f  horizon (Ю, ЮЗ, ЮВ). 
The share of glaciers o f  western and eastern 
layouts  am o u n ts  to 17,2 %, w hich  co r re ­
sponds to 16,97 % of area. D istribution of 
the glaciers by layouts in d ifferent basins is 
shown at Table 19.

The most numerous glaciers (91% of the 
to ta l n um ber)  am o n g  the  glaciers  o f  the 
morphologic type are the glaciers located at 
slopes (circus, pendent, circus-pendent etc.). 
However, they occupy the area o f 951,34 km2, 
which males up only 47 % o f  the area of 
freezing at Chinese territory o f  the Hi river 
basin. The largest area o f 1066,2 km 2 (52,7 %) 
is occupied by the valley glaciers, though their

share is only 8,55 % of the total number of the 
glaciers of the basin. There are also two glaciers 
of flat summits of the total area of 5,09 km2.

3 .5 .2 .1 . The calculation  o f  change 
o f glaciation  area by 2000 year

To determine the rate o f  degradation of 
freezing at the south slope of D zhunghar Ala- 
tau within the Chinese territory o f Hi river 
basin for the period of 1972-1990 years the 
areas of the glaciers were determined as of 
1990 years. The topographic maps with the 
contours  o f glaciers made on the basis o f 
aerial photography o f 1990 ware used as a 
basis. This work was made by P. A. Cherkasov. 
The methodology o f decipherment o f  aerial
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Table 20. Dynamics of degradation of glaciation in Southern Dzhungharia for the period of 1972-1990 years

The region 

o f glaciation

F, km2 AF,

%

P,

%/year

V, km3 AV,

%

P,

% /year1972 1990 1972 1990

Khorgos 70,408 54,932 -21,98 -1,22 3,01226 2,2018 -26,9 -1,49
Southern slope
o f D zhunghar A latau 194,015 153,51 -20,88 -1,16 8,4242 6,1455 -24,3 -1,35

pictures and preparation o f plan o f the gla­
ciers on cartographic basis was described in 
details by P. A. Cherkasov in articles [20,
22, 25]. The initial material was vectorized 
in GIS software M aplnfo  7.0 and after by 
means of this software the areas of the glaciers 
were calculated. The volume of the glaciers 
(V) was calculated using the same formulas 
[25, 94], as in the previous catalog. The re­
sults of the calculation are given in table 20.

Thus, the rate of degradation of the area 
of glaciation in Southern Dzhungharia is 1.2 % 
per year and the rate of degradation o f the 
volume of glaciation is 1.35 % per year. This 
is a little higher than the average rates o f  
degradation of glaciation in the region for the 
period o f 1956-1990 years [128, 143].

Since the catalog of glaciers of the Chinese 
part o f  the Ili river basin was made on the 
basis of the materials o f  relevant findings as 
o f  beginning o f 80th, we assume it describes 
the state of glaciation as of 1982 year. U nfo r­
tunately, we had no opportunity  to determ i­
ne a behavior o f the rate o f  degradation of

glaciation in the region for the period after 
1990 year and in order to be able to complete 
this task we are compelled to assum e that 
the rate of decrease of the area o f the glaciers 
has not significantly changed until the end 
o f the past century. In this case the area of 
glaciation of the considered zone as o f  2000 
could be calculated [130] using the formula 
o f com pound percentage:

F — F
#2000 «1982

Where Fg2000

( 1—/>//100), ( 1)

is the glaciation area of some 
basin in the year of 2000 , F  l982 is its area as of 
the year of 1982, p is the rate o f  decrease in 
glaciation, t is the num ber o f years between 
1982 and 2000 years.

L et’s take 1,0 % per year for the rate of 
decrease of the area o f  glaciers at Northern 
macro-slopes as well as in basins o f  Tekes 
and Keksu rivers and 1,2 % per year for the basin 
o f Khorgos river (south slope o f  D zhunghar 
Alatau) and at south macro-slopes o f Boro- 
K horo , Iren-K habyrga, A vra l-U la  ranges. 
Table 21 shows the results o f  decrease o f the

Table 21. Changes of the area of glaciation of macro-slopes of basins for 18 years

Basin Ridge Ridge exposition H max H .min
F
1 1982

F
2000

Khorgos S 4500 3100 55,22 43,0937
Kunes A vral-U la S 4160 3350 38,06 30,1134

N arat N 3920 3220 57,62 48,1818
Kash Boro-Khoro S 4451 2920 209,22 165,5349

Iren-K habyrga S 4583 3030 88,92 70,3535
A vral-U la N 4280 3240 123,46 103,2373

Keksu Biike N 4500 3300 72,23 59,23
S 4370 3239 61,74 48,8487

K halyktau N 4991 2520 287,61 235,84
Tekes Biike N 4368 3300 64,01 52,49

S 4308 3340 30,94 24,4797
K halyktau N 5900 2340 932,53 764,67
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area o f freezing at the Chinese part o f  the Ili 
river basin with respect to the layouts of macro­
slopes; table 22 present the results o f  calcu­
lation the behavior o f  glaciation in the main 
basins for the period o f 1982-2000 years.

Table 22, Dynamics of the glaciation area (F) 
in the main basins

Basin
F, km 2

л ғ ,%
1982 r. 2000 r.

Khorgos 55,22 43,094 -22,0
Kunes 95,68 78,295 -18,2
Kash 421,60 339,126 -19,6
Keksu 421,58 343,918 -18,4
Tekes 1027,58 841,643 -18,1
Total 2022,66 1646,076 -18,6

Thus the area o f glaciation at Chinese 
territory of Ili river basin decreased by 18.6% 
for the period o f 1982 -2 0 0 0  years.

3 .5 .2 .2 . The calcu lation  o f  the volum es 
o f the g laciers in the basin

By the assessment given by E.N. Vilesov 
with co-au thors  [150, 152] the volumes of 
glaciers in Chinese catalog are overrated by 
at least 20%. In this respect we considered it 
necessary to recalculate the volumes o f  the 
glaciers o f  the Ili river basin located at the 
Chinese territory [129] using the equations by 
Y. Y. Macheret, P. A. Cherkasov, L. I. Bob­
rova [94], N. V. Erasov [44] and V. A. Kuzmi- 
chenok [92]. The calculations were made for 
each glacier and then the results were totaled. 
The results o f  the calculations grouped by 
the main basins are presented in Table 23.

In accordance with the calculation the 
overrated value o f the volume of the glaciers 
given in the Catalog is about 10-19% for the 
considered basin.

As you may see in the Table 23, the rather 
close results were obtained in the calcula­
tions of the volume of glaciers using formulas 
of Macheret-Cherkasov, and Kuzmichenok, 
the maximum difference does not exceed 7% 
and the average difference of the total vo­
lumes o f ice calculated using this formula is 
only 3.5%. The greater deviation arose in cal­
culations by Erasov’s formula: the maximum 
difference o f volumes calculated using this 
formula and equation o f M acheret-Cherkas­
ov equals to 37 % with the average for the 
total volume of all glaciers equals to 7%.

It is ev id en t  th a t  the  vo lum es o f  ice 
ca lcu la ted  by M a c h e re t-C h e rk aso v ’s and  
K uzm ichenok’s equations are more close to 
the actual values. In comparison with them 
the volumes o f ice given in the Catalog of 
the glaciers o f  the Ili river basin at Chinese 
territory are overrated by 16-19%. The close 
result of 20% was earlier obtained by E.N. Vi­
lesov and co-authors [150, 152].

3 .5 .2 .3 .  T h e  calculation  o f changes  
of the g laciers volum e by 20 0 0  y ea r

In the calculation o f changes o f the vol­
ume of glaciers using the formula (1) the rate 
of  decrease o f  the volume o f  the glaciers in 
Zailiyskiy A latau  for the period o f  1979- 
1990 years for the rate o f decrease o f glacia­
tion at the n o rthern  slopes in Tekes and 
Keksu basins, and the rate o f  decrease o f

[ able 23. The volumes of glaciation of Chinese part of the Ili river basin, km3

Basin U nder G lacier C atalogue U nder form ula

M acheret, etc., Erasov K uzm itchenok

Khorgos 2,1248 2,1812 1,4741 2,2128
Kunes 28,1752 23,4692 24,6142 23,0395
Kash 3,4491 3,6949 2,3365 3,6028
Keksu 23,0837 20,0002 17,9499 21,2252
Tekes 85,3463 70,4703 82,1260 65,5042
Total 142,1791 119,8158 128,5047 115,5845
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glaciation in basins o f Karatal and Koksu for 
the period o f 1972-1990 - 0,95)-%/per year 
was taken as a rate for Kash and Kunes.

At south macro-slopes the rate o f  de­
crease o f the volume of glaciers for the peri­
od 1972-1990 years in Southern D zhungha- 
ria was taken as 1,35 % per year. In the Khor- 
gos river basin it am ounted to 1,5 %/per year 
according to our calculations. We will use 
the volumes given in Chinese catalog o f  the 
glaciers as initial volumes for the calcula­
tion of glaciation in 2000. The results of the 
calculation are presented in Table 24.

Table 24. Changes of ice volume of glaciation 
in the main basins for 18 years

Basin V|982’ V2ooo’km3 %

Khorgos 2,1248 1,5511 -27,0
Kunes 3,4491 2,7413 -20,0
Kash 28,1752 21,8434 -22,5
Keksu 23,0837 18,7157 -18,9
Tekes 85,3463 69,9840 -18,0
Total 142,1791 114,8555 -19,2

Thus, we the rates o f degradation o f  gla­
ciers accepted the volume of glaciation in the 
Ili river basin at Chinese territory decreased 
approximately by 19% by 2000 year.

3.6. Possibilities to predict glaciation  
development in the nearest decades

The term «glaciological prognosis» ap ­
peared not long ago. A considerable increase 
o f  in te re st  to th is  p rob lem  was observed  
during the last decades o f the XX century. 
Interest to glaciological problems is «warmed 
up» not only by ongoing shrinking o f  glacier 
area in different parts o f  the world bu t  also 
by the global warming theory and correspon­
ding forecasts o f  increased rates o f  degrada­
tion of the present-day glaciation. A ccord­
ing to the definition [87] glaciological prog­
nosis includes an assum ption and calcula­
tion o f future changes in objects, phenom e­
na and processes in glacial-nival systems and

systems themselves based on the analysis of 
their past and current states and connections 
with o ther natural system s. Prognoses  o f 
environment com ponents reaction are usu­
ally based on prognosis of variations o f  cli­
mate characteristics, mainly, air tem perature 
and annual precipitations. Unlike models of 
weather forecast (short-time state o f  the a t­
mosphere, the degree of adequacy of con tem ­
porary climate models to real conditions is 
so low that the very idea of climate predic­
tion seems doubtful [72, 83, 84, 91]. N ever­
theless the last decades witnessed increased 
interest to different forecasts (hydrological, 
agro-climatic, landscape-ecological and o th ­
ers) based on models o f general atm osphere 
circulation. In order to evaluate vulnerabili­
ty of the environment components to climate 
variations climate scenarios are developed. 
Their target is not to predict fu ture changes 
of the earth’s climate but to determine sen­
sitivity o f  climate-dependent characteristics 
to possible climate changes [136]. M odern 
climate scenarios have high degree o f uncer­
tainty and low spatial resolution (fro.m 2.2 
to 5.0° along latitude and from 3.75 to 10.0° 
along longitude) [28, 137, 138]. It should be 
noted that spatial resolution o f about 3° cor­
responds about 330 km on equator. Such res­
olution in conditions o f Central Asia places 
into one cell both valley and m ountain  areas 
and prognosis estimations of climate param ­
eters predicted by such models often differ 
considerable from the real fields o f  climate 
pa ram ete rs ,  which was show n by te s t in g  
prognosis models on the materials o f regime 
observations made on the network of long-row 
stations. Such discrepancies are especially high 
in mountain regions [135, 137, 138].

.In is necessary to keep in mind the fact 
that according to the recom m endations o f 
the In tergovernm enta l  clim ate change ex­
perts’ group (ICCEG) climate scenarios are 
to be coordinated with the assum ption that 
in the conditions o f twice increase o f green­
house gases (mainly, carbon dioxide C 0 2)
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co n c en tra t io n ,  average global tem p era tu re  
will increase by 1.5-4.5°C. Thus, each  sce­
nario initially conta ins  assum ption  o f  c o n ­
siderable air tem pera tu re  rise in case o f  twice 
increase in greenhouse gases concen tra tion ,  
w h ich  in real cond it ions  is n o t  quite valid 
[118, 122, 123].

In  1992 IC C E G  suggested six scenarios 
o f  greenhouse gases emission (IS92a — IS92f) 
and  as a consequence  six variants o f  global 
tem pera tu re  increase [76, 77]. E ach  variant 
has its ranges o f  uncerta in ty  [2, 3]. Scenarios 
are realized on  the base o f  equilibrium models 
o f  general a tm osphere circulation. M ost often 
used clim ate models:

— G F D L  — developed by US Geophysical 
Liquids Laboratory;

— G IS S  — developed by G o d d a rd  Space 
Research Institute (USA);

— U K M O  — developed by the  U n ited  
K ingdom  M eteorological Agency (Britain);

— C C C M  — developed by C anad ian  C li­
m ate Center.

H igh  degree o f  u n c e r ta in ty  m akes use 
s im u l ta n e o u s ly  several  s c e n a r io s ,  w h o se  
realization usually gives a ra the r wide range 
o f  prognosis  charac teris t ics .  F o r  exam ple , 
prognosis estim ations o f  river flow in the Aral 
Sea basin give its reduction  by 20-40% d u r­
ing the next few decades [27]. According to 
predic tions o f  clim ate m odels  global climate 
w arm ing and doubling o f  greenhouse gases 
concen tra t ion  m ay cause 20% reduction  in 
river w ater  resources  in  C en tra l  an d  N o r ­
thern  K azakhstan  [65, 132].

C C C M  m odel calculations (the toughest 
scenario) show that doubling o f  the am oun t o f  
greenhouse gases in the a tm osphere  (accord­
ing to  the  m odel it may h appen  in the  2050- 
2075 per io d )  will p ro b ab ly  cause  40-50%  
red u c t io n  in vege ta tion  flow in low -w ater  
rivers (such as the Kugart and  A khangaran  in 
the Syrdarya river basin) and  20-30% red u c­
t ion  o f  vegetation flow in h igh-w ater rivers. 
O ther  estimations are m ore  optimistic. G ISS  
an d  G F D L  sce n a r io s  p re d ic t  in c re ase  in

average annual precipitations in the Aral Sea 
basin by about 24%, w hich will cause 5-10% 
increase in water resources [2, 3]. H igh dis­
crepancy between the results o f  contem porary  
climate models and  scenarios o f  greenhouse 
gases emission inevitably cause doubts  in the 
reliability o f  prognosis estimations.

Usage o f  regional climate scenarios based 
on  the output results o f  transition state climate 
models (m odels  E C H A M 4  and  H a d C M 2 )  
en ab le s  to  su p p o se  th a t  d u r in g  th e  n ex t  
20-30 years possible changes in vegetation 
flow will be within natural variations i.e. from 
+5%  to -8% o f  the standard. T he  m odels do 
not predict any considerable change o f  annual 
flow volume o f  the A m udarya and  Syrdarya 
[3]. It should  be n o ted  th a t  the  results o f  
s im ila r  re se a rc h e s  show  th a t  d u r in g  th e  
XXI cen tu ry  no considerab le  changes  are 
expected in the flow o f  the biggest Russian 
rivers -  the  Volga, O b, Enisey, L en a  and  
A m ur [75].

Strictly speaking, prognosis  es tim ations 
based o n  the  above m odels  are o f  no  p rac t i­
cal value because o f  u n ce r ta in  t im e  interval 
o f  c lim ate factors p red ic tion ,  impossibility 
o f  a p r io ry  e s t im a t io n  o f  a c c e p te d  h y p o ­
theses and  final results, insufficient spatial 
resolution  and  inadequacy  o f  used c lim ate 
m odels [4, 82].

Increase in air tem pera tu re  may be o b ­
tained from a simple com parison  o f  average 
tem p era tu re  values for two m ain  averaged 
periods: 1931-1960 a n d  1961-1990. T h is  
com parison revealed considerable w arm ing 
in U zbekistan and  adjacent areas o f  the  Aral 
Sea basin, especially high in April, June  and  
N ovem ber-D ecem ber [137, 138]. It reveal­
ing, that comparison o f  the m ean  tem perature 
values averaged for the above periods for the 
areas with intensive irrigation showed t e n ­
dency to decrease in maxim al tem peratures,  
w ith  the  h ighest co n t r ib u t io n  to  w arm ing  
resulting from w inter  tem peratures  whereas 
spring and sum m er seasons were charac te r i­
zed by a slight decrease in tem peratures  [ 122,
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123, 138]. These results clearly show distor­
tions of natural fields of air temperature un­
der the action o f anthropogenically-changed 
landscapes and urbanized areas [122, 123]: 
maximal warming refers to winter (heating) 
season, whereas irrigated areas give tem pera­
ture decrease with respect to the average one 
for the 1931-1960 period.

Thus, the model of general a tmosphere 
circulation is hardly able to give a more or 
less unam biguous answer to the question  
about the degree o f  climate characteristics 
(mainly, air temperature and annual precipi­
tations) changes in the next few decades and 
impact o f these changes on the environment, 
snow-glacier and water resources. As climate 
models are far from being perfect, in order to 
solve the problem it is reasonable to base on 
numerical dynamics o f prognosis character­
istics for the period o f direct observations 
and assumption that tendencies in their varia­
tions will remain stable in the near future. 
In other words in order to solve our problem - 
predict glaciation developm ent in the next 
few decades — it is reasonable to use trends 
in its variations (glacier surface, ice reserves) 
detected during the period o f direct observa­
tions or known from the materials o f  repeat­
ed aerial survey. This m ethod was used to 
predict glaciation evolution in the m ountains 
of Central Asia and Kazakhstan [9, 43, 114,
116, 156]. In the conditions o f  Central Asian 
region the task becomes a bit simpler as ac­
cording to the results of observations norms 
of maximal water reserves in the snow cover 
of Kazakhstani and Central Asian m ountains 
did not change during the last decades [11,
108, 109, 123, 140]. In this connection one 
can state with a rather high degree of certainty 
that future changes in glaciation will fu n ­
ctionally depend on changes o f air tem pe­
rature.

Unfortunately , it is still d ifficult to get 
a reliable forecast of air tem perature changes 
for the next few decades. By the Intergov­
ern m en ta l  G ro u p  o f  ex p e r ts  on C l im a te

Change (ICCEG) data published in 1990 the 
range of predicted variation of global average 
annual tem perature was 1.0-4.5°C. In later 
estimations [31] the upper limit o f  possible 
temperature increase was reduced to 3.5°C. 
By SA N IG M I estimations [28] the range of 
possible variations o f the average annual tem ­
perature in the ru n o f f  form ation  zone for 
Central Asian rivers will make 0.1 —1.0°C for 
IGECC scenario IS92 cd and 0.3—1.6°C for 
scenarios IS92 ab and IS92 if [28, 29]. There 
is no doubt that if the temperature rises to 
the above-m entioned maximal values, it will 
inevitably cause high rates of glaciation deg­
radation and serious ecological and socio-eco­
nomic consequences. Even if the present-day 
tem perature background is preserved during 
the next few decades, glaciation will degrade 
at an average rate of about 1% a year.

N o t many attempts were made to predict 
the  deve lopm en t o f  glacial system  in Ili- 
Balkhash basin and adjacent m ounta inous  
areas. The first attempt was made by N. N. Pal- 
gov and it was based on the average rate of 
T u y u k su  glacier tongue shorten ing  [105]. 
His estimations show that if climate condi­
tions do not change, the glacier will not dis­
appear till 2340. Similar results were obtained 
by V.D. Panov for Caucasus [106].

Being guided by the results o f  es tim a­
tions o f  losses in tensity  o f  D zhungarsk iy  
A latau  g laciers’ mass for the 1976/77 b a ­
lance year, P. A. Cherkasov [24, 32] has ar­
rived at a conclusion that under conditions 
of the m entioned intensity steadiness in the 
W est region o f the N orthern  Slope o f the 
ridge (the Biyon River Basin) the glaciers will 
disappear by the end of the current century, 
and in the Central part o f  the N orthern Slope 
of D zhunghar Alatau (the Baskan River Ba­
sin) the process o f  demolition o f the glacia­
tion will continue till 2400, and on the East 
o f  the M ountain  Country  (the Yrgaity Riv­
er Basin) i t ’ll last only till 2040.

Being guided by the climate change prog­
nosis and the corresponding calculations o f the



Central Tien Shan (Suek glacier in the Bolshoi 
Naryn River’s upper reaches) A. N. Dikih sup­
posed that the glaciation of the internal Tien 
Shan (on the altitudes up to 4 800 m) will 
disappear already by 2030-2060 [34-37].

According G. E. G lazyrin ’s estimations 
[55] under the condition o f annual sums of 
precip ita tions  changes by ±  10-20  % the 
glaciation area will increase by 13—26 %, or 
will decrease by 13—27 %, and under the rais­
ing o f the summer average tem perature (dur­
ing June — August) by 2°C the area and the 
glaciers volume will reduce twice as much, 
but glaciation will not disappeared fully.

Being guided by the results o f  mass li­
chen-m etrical m easurem ents,  N. A. G olo- 
dovskaya [64] forecasts the disappearance of 
the Caucasus glaciation after 80 — 100 years.

According to investigations o f  E. V. M a­
ximov [100], who supposed that glaciation 
of the ridge Kyrgyz Ala-Too was determined 
not only by clim atic  bu t  also by tec ton ic  
factors, glaciers in this Tien Shan area would 
not com pletely  d isappear during  the next
6,000 years.

Extrapolating the rate of reduction o f  gla­
cier area in Zailiyskiy Alatau for the period 
1955 to 1990 E. N. Vilesov and V. N. Uvarov 
[153, 156] concluded that the main glacier 
masses in this region would have disappeared 
already by 2060-2070 and only in the Talgar 
river basin they m ight remain by 2090. It 
should be noted that this prognosis assumes 
that the present-day rate o f climate condi­
tions changes will retain in future.

It should be borne in mind, that in many 
cases prognosis o f freezing developm ent for 
the nearest perspective are based on the ex­
trapolation, which has been revealed for the 
last decades of the average intensity of glaciers 
area (volume) reducing, or on the accounting 
of the forecasted changes o f climate — first of 
all of the annual average (or summer average) 
air temperature |4, 60, 61, 118, 122, 156].

The rate of air tem perature increase re­
g is te red  by the  d a ta  o f  re g u la r  c l im a t ic

observations does not quite corresponds to 
the actual climate changes and often can be 
overestimated. Consequently, prognosis of 
glaciation dynamics based on prolongation 
of the defined air temperature trends may be 
incorrect.

One should also keep in mind that rates 
o f  glaciation degradation obtained by com ­
paring the data of repeated glacier invento­
ries o f Zailiysk iy-K ungei and D zhunghar  
glacier systems are not constant and hence 
cannot be taken as constants for prognosis 
calculations.

As it was shown above, the rates o f  the 
air temperature increase according data of the 
regular climatologic observations were far 
from being conformable to the real climatic 
changes and frequently may be understated. 
Correspondently, the prognosis o f  the glaci­
ation dynamic, based on the account o f  the 
conjectural (often arbitrarily given) rates of 
air temperature increase can be erroneous.

It is also necessary to keep in mind, that 
the rates o f the glaciation degradation re­
vealed on the base o f the repeated Catalogue 
of glaciers o f  the Zailiyskiy-Kungei and the 
Dzhangarskiy glaciers system, as it was shown 
above, are not unchangeable , and, conse­
quently, can not be taken as constants for 
the prognosis estimations.

Let’s also note, that according P. A. Cher­
kasov’s investigation, based on the results 
of dendrochronological analysis of the Turk­
men Archa sawing, collected in the high- 
m ountain  belt o f  the Maliy Baskan River 
Basin (the D zhunghar Alatau) the distinct 
recurrence o f changes of width o f the radial 
incrimination of archa for almost 650 years 
period and the close correlation o f the alti­
tude of the firn line and the radial incrimi­
nation o f archa. Moreover, the recurrence 
with a maximal duration o f  about 280 years 
is sharply pronounced in the dynamic o f the 
last [32]. With an account o f this recurrence 
it is possible to suppose that the degradation 
o f  the D z h u n g h a r  A la tau  g lac ia tion  will

continue m ore with a dam ping rate not less 
than 100 — 120 years until the climate co n d i­
tions change for m ore favorable in the aspect 
o f  the glacier existence.

It should be noted  that most probably it 
reflects connection  between radial increm ent 
and  air tem pera tu re  in w arm  period  as air 
tem perature is a limiting factor determining 
archa (bush) radial increm ent at the upper 
limit o f  its spreading. It means that changes 
in air tem perature in warm period determ ine 
dynamics o f firn line altitude.

Let’s note, that L. R. Serebryaniy [119] 
on the base o f  the glaciation dynamic analysis 
for the Sub-Atlantic period o f  the Holocene 
with a duration period o f  3000 years has a r­
rived to the conclusion, that in the near future 
the Tien Shan climatologic conditions  will 
change by the more favorable conditions for 
the glaciers existence and for the glaciation 
development.

So, the prevailed opinion concerning in ­
evitable impending disappearance o f  glaciers 
o f  the Tien Shan and the contiguous m ountain  
countries o f  the Central Asia can ’t be assumed 
as convincing. As it was shown above [118,
122], the contemporary climatic changes most 
likely reflect the natural way o f  the climate 
f luc tua tion  recurrence  and  the role o f  the 
anthropogenic warming is not so significant, 
as it has been established to consider. It will 
be recalled that, as it was shown above, on  the 
background o f  the obvious air tem pera tu re  
increment, the precipitations sums and norms 
o f the maximal snow storages in the mountains 
for the last decades have not been changed, 
practically; practically, the  norm s o f  rivers 
drainage for this period have not been changed 
as well [3 ,6 ,108,138,140,142].

It should be also noted that according to 
prognosis estimates annual sums o f  precipita­
tions and their multi-year regional variations 
will not change dramatically in Central Asia, 
at least, till 2020 [76 ,7 7 ,8 1 ] .

By taking all these into account the fore­
casted for the nearest decades the m entioned

above significant exhaustion o f water resources 
(by 2 0 -2 3  %) in the considered region, the 
sharp  c lim ate arid ization  and  co nsequen t  
economic losses are scarcely probable [26, 27, 
3 9 ,4 5 ,7 0 ,  101, 162].

Nevertheless, the  charac teris t ic  for the 
last decades trend o f  the annual average air 
tem p era tu re  increm en t,  obviously, will r e ­
m ain  during the forthcoming decades (as a 
m in im um ) and degradation o f  the regions’ 
glaciation will continue.

Based on  the average degradation rates o f  
glaciation and ice volume in 1990, we calculat­
ed ice volume for glaciers in Zailiyskiy-Kungei 
glacier system for the period 2000-2050. Tak­
ing into account glacier inertia determ ined  as 
dependence o f  firn line altitude and rates o f  
reduction o f  plan glacier sizes on  their area, 
we considered it reasonable to  use formula 
o f  com pound  percents for calculation o f  ice 
reserve variations in regional glacier systems. 
T he results o f  prognosis estimations are given 
in Table 25.

Table 25. The forecasted changes of the glaciers 
volume of the Zailiyskiy-Kungei glacier system

Region Ice volume o f glaciers, km 3 as o f years:

2000 2010 2020 2030 2040 2050

N orthern  
slope of 
Zailiyskiy 
Alatau 8,735 7,899 7,144 6,461 5,843 5,285

Shilek
river
basin 13,962 12,627 11,420 10,328 9,340 8,447

Zailiys- 
kiy-K un- 
gei glacier 
system 22,697 20,526 18,564 16,789 15,183 13,732

According to these results, glaciation o f  the 
Zailiyskiy-Kungei glacial system to the middle 
o f  the current century will be reduced only by 
one third, but will not disappear by the end 
o f  the century as it was supposed earlier [35,
36, 156].
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The results of similar prognostic estim a­
tions o f glaciation dynam ics o f the Chinese 
part o f  Hi river basin for more remote pros­
pect are presented in Table 26.

Table 26. Prognosis of glaciation area 
of the Chinese part of the Ili river basin

Year
The forecasted o f glaciation area(km 2) in basins

Khorgos Kunes Kash Keksu Tekes

2000 43,09 78,30 339,13 343,92 841,64
2050 23,67 44,73 195,76 208,48 509,39
2100 12,94 25,73 112,60 126,13 308,19
2150 7,08 14,80 64,77 76,31 186,46
2200 3,87 8,51 37,25 46,17 112,81
2250 2,12 4,89 21,43 27,93 68,25
2300 1,16 2,82 12,33 16,89 41,29
2350 0,63 1,62 7,09 10,22 24,98
2400 0,35 0,93 4,08 6,191 15,11
2450 0,19 0,54 2,35 3,74 9,14

According to these estimations, at pre­
servation of modern rates o f degradation of 
glaciation o f the Chinese part o f  Ili river ba­
sin will not disappear, at least, the nearest 
two hundred years, and in Tekes river basin 
it will be kept dow n to  the  b eg in n in g  o f 
XXIV century.

In view of the m entioned above cyclici­
ty o f  natural changes o f a climate, it is pos­
sible to assume, that in the foreseeable fu ­
ture climatic conditions will change on more 
favorable for existence o f glaciers and the 
modern stage o f degradation o f glaciation will 
be replaced on opposite sign.

The results o f  investigations enable to 
hope that it may happen in the near future. 
This conclusion is based on reduction o f the 
rates o f  glaciation degradation in the Tien 
Shan in the 1980s and considerable slowing 
down of the rates o f  degradation in Gissaro- 
Altai in the 1990s [11]. A high probability 
o f  change o f the sign o f glaciation develop­
m en t is ev idenced  by c o n s id e rab le  m ass 
increase  in the feed ing  zone  o f  T u y u k su

glacier group in the period from 1958 to 1998 
in spite o f  global warming which was regis­
tered by repeated photogrammetrical survey. 
Moreover, 14 large glaciers, which in the last 
decade o f the XX century started to move 
down, were discovered in Central Karakorum. 
During the period from 1990 to 2001 tongues 
of some glaciers moved forward at a distance 
from 150 m to 2.5 km, with 5-50 m thicken­
ing in the lower and middle parts o f ablation 
zone [74].

Advance o f glaciers was observed only in 
the highest glacier basins at ridge heights 
from 6000m (U nnam ed Glacier) to 8610m 
(Baltoro Glacier); it developed rapidly after 
several decades o f  degradation, which oc­
curred on the background of positive trend 
o f  the sum of precipitations and slight re­
duction o f summer temperature [74].

K. Hew itt  [74] assum ed tha t  rapid ad ­
vance o f the Central Karakorum glaciers was 
caused by the influence o f climate changes 
since the end of the XIX century and espe­
cially in the last 50 years on the thermal ice 
regime in the glacier feeding zone at large al­
titudes, which promoted ice movement to the 
ablation zone. N ot going to argue probabili­
ty o f such development o f  events, we should 
mention t h a t , in our opinion, the main rea­
son for a sudden change in the sign of glacier 
dynamics is a relatively large increment o f 
snow-firn mass in the feeding zone. The re­
sults o f  investigations [120, 124-126], show 
that annual and seasonal sums of precipita­
tions in the mountains gradually increase and 
as a rule increase with growing gradient up 
to closing ridges. It means that the higher 
the altitude o f glacier basin, the higher snow 
accum ula tion  in the glacier feeding zone. 
Therefore the first glaciers that responded to 
the ongoing climatic changes in the Central 
Karakorum were the glaciers whose feeding 
zone is located at maximal altitudes. It should 
be noted th a t  in spite o f  relatively stable 
norms o f  precip ita tion  sums and maximal 
snow reserves, thickness increment o f snow-

firn deposits in the feeding area of Tuyuksu 
glacier group in the period from 1958 to 1998 
was from 10 to 25m, which was registered 
by repeated photogrammetrical survey. It is 
assumed that the process o f  mass increm en­
ting in the glacier feeding area has also been 
observed in the o ther glacier-mountain areas 
of Central Asia.

Thus, it may be concluded that dom inat­
ing opinion that glaciation of Tien Shan and 
neighbor m ountain regions o f Central Asia 
will disappear in the near future cannot be 
accepted as an axiom. Taking into account 
stable am ount o f  sums of atmospheric pre­
c ip itations and especially maximal snow ­
water storage (snow resources) in the flow 
formation zone it is possible to suppose that 
glaciation in the region will not fully disap­
pear till the end o f  currant century.

3.7. Perspectives of water resource 
changes due to degradation of glaciation

According to the definition given in gla- 
ciological dictionary [86], the icy flow is the 
«flow of water from  m elted snow, glacier 
snow and ice as well as liquid precipitation 
coming to the river system from the surface 
o f the glacier». T hus, the glacier flow in ­
cludes: 1) the flow from the melted seasonal 
snow at the surface o f the whole glacier in ­
cluding the area o f its feed; 2) the flow from 
melting o f longstanding ice in the ablation 
area. 3) the flow o f  liquid precipitation from 
the glacier surface; 4) flow from the melted 
ice at the lower surface o f the glacier. In the 
conditions o f the considered region the most 
detailed definitions o f characteristics o f the 
glacier flow were developed by E. N. Vilesov 
and V. N. Uvarov for the main river basins 
of the Northern slope of Zailiyskiy Alatau [ 156]. 
According to the results o f  these researches 
300 mln. m 3 o f  water appeared in general due 
to the longstanding glacier flow, only 15% 
of water comes from the glacier snow fields, 
43% - due to melting of the seasonal blanket

of snow at the tongue of the glaciers and 4% - 
due to the liquid precipitation at the surface 
o f the glacier. Thus, more than 60% of the 
glacier flow is being formed due to the pre­
cipitation of the current year (mainly due to 
melting of the seasonal blanket o f snow) and 
only 38% - due to melting o f ice created by 
centuries. We should note that in the m en­
tioned context o f the glacier flow the flow 
from the melted ice of the underground part 
o f  the glaciers.

As studies show [156], the part o f  the 
glacier com ponent in the total flow of rivers 
o f  the Northern slope o f Zailiyskiy Alatau 
in 30-90th years o f  the past century decreased 
in average from 29% (for the decade o f 1931- 
1940) to 25,7% (in the decade o f  1981-1990). 
D uring this period o f  time it significantly  
increased only once (in average by 5,4%, the 
values are 2-13% for different basins). This 
occurred in 70lh, especially since 1973 when 
the annual and seasonal tem perature o f  the 
air increased trem endously and the rate o f  
degradation of glaciation in the region reached 
its maximum value for the whole past century. 
However, in the next decade the portion of 
the glacier flow decreased again. According 
estim ations [156], owing to the g laciation 
degradation, the average volume of the glacier 
drainage on the Southern Slope o f Zailiyskiy 
Alatau during the decade 1981-1990 decreased 
relatively to the decade 1941 — 1950 by 41.7 mil­
lions m3, or by 13 %, and the average annual 
volume of the general drainage — by 93.6 mil­
lions m3, or by 7 %. Probably, not less than 
40-50 % of the general rivers drainage diminu­
tion is caused here by the reduction of glaciers 
surface area.

The considered behavior o f the portion 
o f  the glacier flow in total testifies to the 
fact that in spite o f the expectations the pro­
cesses of the decrease of the glacier flow due 
to decrease of the area of glaciation evident­
ly prevail over the processes o f  its increase 
due to increase o f the layer o f  ice melting 
due to climate warming. In o ther words the



increase of the average ablation typical for 
the last decades can not com pensate the loss­
es of the glacier flow caused by the decrease 
o f the glaciation area. This  has been also 
proved by the results o f  researches o f  the 
changes o f the glacier flow in the rivers of 
South D zhungharia [156]. The Table 27 pre­
sents the results o f  the calculations o f the 
glacier flow Qa and its portion in the total 
river flow Q o f  the  U sek  river w here in 
accordance with the corrected dates o f the 
Catalog of the glaciers in the year o f 1956 
there were 255 glaciers with the total area of 
their open surface o f 105,2 km 2 [158].

For the calculation o f  the values o f the 
total ablation presented in Table 27, its rela­
tion to summer (June-A ugust)  temperature 
of the air at the altitude o f 3,700 m was used, 
to which the average longstanding height of 
the snow border was related. The equation 
was made at the basis o f  analysis o f  25 years’ 
(1967-1991) m easurem ents o f  the weight ba­
lance  c o m p o n e n t s  o f  S h u m s k iy  g lac ie r  
(basin of Baskan river, N orthern Central ridge 
of Dzhunghar Alatau):

A = {t + 10,6)3, (2)
where A — is the total ablation, mm; / — ave­
rage summer temperature o f  the air, C°.

For the calculation we used meteorolog­
ical s tation in Z h arken t  (form er Panfilov) 
located on Usek river valley at the altitude 
of 641 m in 50 к to the south from the gla­
ciers o f  the basin. The value o f the vertical 
gradient of the temperature is taken as 7°C/km,

and for the temperature «leap» (at the transi­
tion from non-glacier surface to the glacier) 
as -  ГС.

As the note to the Table 27 one should 
mention that for trans-border river Khorgos 
the glacier flow is calculated regardless o f  
the glaciers in Chinese area of the basin where 
their area am ounts to 20 k m 2 approximately. 
In addition in the column «Total Flow» the 
average longstanding value (norm) is given 
for 20-35 years [168].

As you may notice from the table, for the 
period of 1956-1990 years, in spite of increase 
of the layer of the ice melted caused by the 
climate warming during the period of 34 years 
the glacier flow due to decrease of the area of 
glaciers and the extent of glaciation decreased 
by 72 m ln .m 3, or by 25%. The portion o f  the 
glacier component in the annual flow of Usek 
river decreased for this period by 6% (from 
23% to 17%). By 1990 year the num ber of 
glaciers decreased by 126 (by 49%), their area 
decreased by 42,735 km2 (by 41%), and the 
volume of ice by 1,1726 km 3 (by 42%) [157]. 
Especially significant decrease o f the glacier 
flow was noticed after 1973 year. In the period 
from 1991 year to 1995 year the glacier flow 
in the U sek river basin am ounted  only to
92,6 mln. m 3 whi ch is by 48,6 mln. m 3 (by 
34%) less than  in 1961-1965 years [157]. 
Thus, the glacier flow and its portion in the 
annual flow during the last several decades 
are continuously decreasing. As the average 
values o f the atmosphere precipitation and

Table 27. Changes in the glacier flow in basins of Southern Dzhungharia in 1956-1990 [157]

B asin’s area, G lacia tion’s Total flow Glacier о О

R iver - Settlem ent km 2 degree, % Q, 106 m3 1956 1990

1956 1990 106 m3 Q/Q, % 106 M3 Q,/Q, %

Khorgos - Baskunchi village 1310 5,7 3,4 508 97 19,1 71 14,0
Chizhin - Chizhin village 96 13,0 9,5 39 16 41,0 15 38,5
Tyshkan - Sarybel village 144 16,7 10,1 80 31 38,8 23 28,8
Burkhan - Burkhan village 92 2,0 0,8 21 2 9,5 1 4,8
Usek - Taldy village 1130 9,3 5,5 562 136 24,2 100 17,8
Total /averagee 2772 7,9 4,7 1210 282 23,3 210 17,4

maximum snow reserve stayed stable in this 
period, it is evident that the main reason of 
these changes is the decrease o f the freezing 
area due to the global warming o f  the cli­
mate. In connection with this many research­
ers express their concerns related to the per­
spectives o f  significant decrease o f  restor- 
able water resources and unfavorable in eco­
nomic aspect changes change in regime of 
river flow as a result o f  continuous degrada­
tion of glaciation. Formally, such expecta­
tions are quite logical and are supported by 
the forecasts o f  changes in water resources 
based on the use o f  models of the general 
atmosphere circulation [27, 65, 132]. But the 
paradox is that  in spite o f  the con tinuous  
degradation of glaciation and decrease in the 
glacier flow related to it the average long­
standing values (norms) o f  flow in the main 
water collecting basins o f  the Central Asia 
during the second half o f  XX century  stayed 
stable [27, 118]. There were no significant 
changes in maximum snow reserves during 
this period [6, 11, 108, 109, 118] and the va­
lues of the flow distribution within one year 
[48]. All this factors give a reason to assum e 
the existence of some compensation m echa­
nism. Earlier we shared the version that  such 
m echanism could be the (by the extent of 
the climate getting warmer) underground ice 
creating the flow of melted water including 
ice accumulated in the layer of  perennial per­
mafrost at the high altitude zone [143]. To 
verify the fairness o f  this assum ption  was 
not easy first of all due to the lack o f data  of 
direct observations for the regime of melting 
of buried glaciers and stone glaciers. Such 
opportunity  appeared when the materials of 
the second photogrammetrical survey of the 
glaciers in upper stream of Small A lm atinka 
river made by the Germ an specialists in 1958 
and 1998 were processed.

At the Fig. 10 the changes of Tuyuksu gla­
cier surface for the period 1958-1998 are shown.

Not repeating the results stated above, we will 
describe some additional specifics. A ccor­

ding to the data o f the Fig. 10, the processes 
o f  the degradation during the considered pe­
riod are true for the majority o f the glacier 
surface up to the feed area. At the maj or part 
o f their surface the loss of the altitude is from 
5 to 25 meters. In the feed area o f glaciers 
(especially small) these losses are about zero 
(the change amounts to from 5 to -5 m). In 
addition at all ten glaciers the areas large by 
surface appeared at which after 40 years pe­
riod the balance o f weight was positive and 
additional accumulation amounted to 5 to 25 m. 
This gives a basis to assume a probable slow­
ing down of processes of degeneration of gla­
ciation during the last decades. It also sup­
ports the character o f  changes o f rates o f  gla­
ciation reduction in the region - its evident 
decrease from the 80th of the past century.

The fact that regardless o f the significant 
degradation of glaciation along with the sta­
bility of average longstanding am oun ts  of 
atmosphere precipitation and m axim um  re­
serve o f snow the values o f flow have not 
changed for the last decades gives the bases 
to assume the existence o f some com pensa­
tion mechanism. There was an assum ption 
th a t  co m p e n sa t io n  m e c h a n ism  co u ld  be 
greater participation o f water from melting 
o f  underground ice accum ulated  first o f  all 
in perennial permafrost [123, 143] in creation 
o f the flow (due to warming o f climate). The 
comparison of the results o f  the second pho­
to g ram m etr ica l  survey  o f  the  g laciers  o f  
T uyuksu group gives a basis for making some 
adj ustm ent to these assumptions. At the Fig.
11 you can see the changes o f the altitude of 
the surface o f the underground part o f  the 
named glaciers according to the results o f  
the second survey .

As you may see at the Fig. 11 a significant 
decrease of the layer o f  the underground part 
o f  the glaciers is typical for the areas border­
ing with the open parts o f the glaciers. Total 
losses o f  the thickness for 40 years am o u n t­
ed to 15-45 m. At the most part of the sur­
face of underground glaciers the changes in
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Fig. 10. Changes o f the altitude o f the surface o f the open part o f Tuyuksu group o f glaciers 
for the period 1958-1998 years (according to the results o f the second photogram m etrical survey). 

At the left there is a scale o f altitude changes at the surface o f the glacier for the considered period, m

a lt i tu d e  o f  th e  surface  fo r  th e  co n s id ered  
period were from  5 to  - 5  m .,  i.e. the  u n d e r ­
g round  ice during the  w hole  period stayed in 
m ore  o r less s tationary  state.

T h e  to ta l  losses o f  ice  v o lu m e  o f  th e  
underg round  part  o f  the  glaciers o f  Tuyuksu 
group  for the  period  o f  40 years a m o u n ted  to
0,01949 k m 3, w hich  is equivalent to  20,4% 
o f  to tal losses o f  ice o f  the  o pen  surface. T he  
corresponding  values for Tuyuksu am o u n ted  
to  0,00795 k m 3 o r  19,5%. In  o th e r  words, 
th e  v o lu m e  o f  w a te r  re su lted  f ro m  m e l t ­
ing o f  the  un d erg ro u n d  part  o f  the  glaciers 
am o u n ts  to  20% o f  total flow fo rm ed  due to 
m elting o f  the longstanding  reserves o f  ice 
o f  the  o pen  surface o f  glaciers. This is quite

significant value w hich  was no t fully taken  
into accoun t  in the water balance ca lcu la­
tions. O ne  may fairly assum e th a t  it is the 
m elt ing  w ate r  from  th e  u n d e rg ro u n d  an d  
rock  glaciers  th a t  c o m p en sa te s  th e  m a jo r  
part o f  the  losses o f  flow related to  the  d e ­
crease o f  the ablation  area o f  th e  o p en  part 
o f  the surface o f  the  glaciers providing for 
the stability o f  the rate o f  flow in cond itions  
o f  degradation o f  glaciation. As the  reserves 
o f  underg round  ice are com parab le  with the  
reserve o f  ice o f  c o n te m p o ra ry  g lac ia tion  
[67, 68], providing for rem a in in g  th e  s ta ­
bility o f  the  p rec ip i ta tion  level an d  taking 
into accoun t  the m ax im u m  reserve o f  snow 
it is possible to  expect th a t  there  will be no
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Fig. 11. Change in the height o f surface o f the buried part o f the glaciers o f Tuyuksu group.
At the left — the scale o f changes o f the altitude o f the glacier surface for the considered period, m

significant changes o f  characteristics  o f  flow 
including the  distribution o f  flow with in a 
year period even in case o f  co n t in u a t io n  o f  
intensive degradation o f  glaciation. T h e  c o n ­
fidence in such behavior o f  w ater resources 
in the  n ea r  future is also supported  by the 
fact th a t  m ore  th an  70 % o f  the  total glacier 
flow is being created  due to  m elted  seasonal 
snow at th e  surface o f  glaciers and  only 30% 
o f  it results from  m elting o f  the  longstanding 
ice o f  the  glaciers [156]. Regarding the share 
o f  melted  w ater in lo n g - te rm  frozen  rocks 
in the  run o ff  creation  the  situation looks as 
described below.

According to the materials o f  m any  years’ 
th e rm o m etr ic  observations in th e  dep th  o f

seasonal an d  longstanding  frozen  g rounds  
[66, 68, 94] in area o f  Z husalykezen  pass at 
the  alti tude o f  3 ,400m  at the  N o r th e rn  slope 
o f  Zailiyskiy Alatau during the  period  from  
1973 to  1996 years the  ro o f  o f  perm afrost  d e ­
creased by 1,1 m. In  o th e r  words th e  p e rm a ­
frost layer m elted  by 1,1 m  for the  considered 
period and  water resulted from m elting could  
con tr ibu te  in the  runoff  creation.

T h e  results o f  the  es tim ation  o f  th e  t o ­
tal vo lum e o f  water from  m elted  perenn ia l  
p e rm a fro s t  fo r  th e  c o n s id e red  p e r io d  are 
p resen ted  Table 28.

F or the  ca lculation  o f  the  da ta  given in 
Table 28, it was assum ed tha t  in the  altitude 
range from 3200 to  3500 m long-year frozen
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Table 28. The volume of water from melting of perennial permafrost in Small Almatinka river basin
for the period of 1973-1996 years

A ltitude 
range, 
m abs.

Area 
o f zone, 

thousand , 
m2

T he volum e o f 
melted ground, 

thousand  m 3(for 
the melting layer 

o f 1,1 m)

The volume 
of melted ice, 
thousand m3 
(for the share 

o f ice 30%)

The volum e o f melted 
ground in area o f 

3200-3500, thousand m3 
(for the melted layer 

of 1,3 m)

Volum e of 
melted ice, 
thousand , 

m3

V olum e 
of melted 

water, 
thousand , 

m 3

3200-3500 2027,0 1114,8 334,5 1317,5 395,3 316,2
>3500 3240,7 3564,8 1069,4 1069,4 855,5
>3200 5267,7 4679,6 1403,9 4882,3 1464,7 1171,8

grounds occupy 50% o f  the total area and 
the melting layer o f  this grounds for the con­
sidered period am ounts  to 1,3 m.

The calculation o f the area o f  spread of 
long-year frozen g rounds was m ade using 
large scale map made by the G erm an spe­
cialists on the basis o f materials o f photo- 
grammetrical survey o f  1998 year. The cal­
culation does not include the area o f open 
and underground glaciers and areas occupied 
by stone rocks. T he m elting  layer for the 
considered period and the ice-coverage of 
permafrost rock are accepted according to the 
data provided by A. P. G orbunov, E. V. Se­
verskiy [68] and M archenko [98] on the ba­
sis o f  the data of observations in the area of 
Zhusalykezen pass.

T hus, for the considered  period abou t
1,17 mln. m 3 of water came to the flow from 
melting o f the longstanding rocks. Even if 
we assum e that  in the whole range higher 
3,200 m the long-year frozen grounds are 
spread everywhere, for the layer o f  melting 
of 1,1 m the total volume o f  the water came 
to the runoff  would am ount to 1738 th o u ­
sands m 3, i.e. about 75,6 thousands m 3 per 
year. However, it is necessary to keep in mind 
that according to the results o f  the com par­
ative analysis o f  the materials o f  the second 
photogrammetrical survey, the state o f  un­
derground glaciers at the m ost part o f  the 
area for the period o f  1958 -  1998 years has 
not changed significantly: the changes o f  the 
surface alt i tude for 40 years am oun ted  to 
from +  5(in case o f  forming o f areas o f  rock

glaciers) to -5 m. The total area o f this part 
of underground glaciers am ounted to 1,2 km 2 
(at the Fig. 11 these areas are marked with 
light yellow and green colors). One may as­
sume that in this part o f  underground gla­
ciers the longstanding frozen moraine depos­
its for the period 1973-1996 years also melt­
ed up to the depths o f 1,1 m. The volume of 
melted water am ounted to about 320 th o u ­
sand m 3, and the total volume o f the water 
that came to the runoff  from melting o f the 
perennial permafrost located higher than iso- 
hypse at 3200 m for the period from 1973 to 
1996 years amounted not more than 1,5 km 3,
i.e. 65,2 thousand m 3 per year. This is less 
than 2.0% of the volume of the annual ru n ­
off created from melted longstanding reserves 
o f ice o f  the open surface o f the T uyuksu  
group o f the glaciers in average for the peri­
od of 1958 — 1998 years. Therefore the main 
compensatory flow in spite o f the expecta­
tions is being formed not due to the melted 
water from perennial permafrost, but due to 
melting o f  underground ice and stone gla­
ciers.

One should keep in mind that the mecha­
nism of participation in the process of water 
from snow and longstanding frozen rocks is 
not constant form year to year; it significantly 
depends from the specifics o f  the therm al 
regime of the ground and snow conditions. 
In warm years when the temperatures o f  the 
ground layers are rela tively  high and  the 
seasonal frost penetration is not high all water 
from snow melting is participating in creation
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of flow and the water balance o f the territory 
of glacial-nival zone is close to zero. In years 
when the temperature of frozen grounds is 
low some portion of water from melting goes 
to the depths of rocks, freezes again and may 
stay in such state by the end o f  ab la tion  
period creating carry-over stock o f water. In 
such  years the d isc rep an cy  o f  th e  w ate r  
balance of the territory of glacial-nival zone 
w ould  be n ega tive .  T h e  sam e «canned»  
reserves o f water could come to flow during 
next years being the reason of positive discre­
pancy of the water balance hardly explainable 
at the first sight. Since years with lavish and 
poor snow as well as the warm and cold years 
have a trend to group in periods o f  2-4 years 
in a row, the length o f the period with either 
negative or positive d iscrepancy  o f  water 
balance is about 3 years in average.

Thus, one may quite fairly state that  the 
stability of characteristics of flow in condi­
tions of significant degradation o f  glaciation 
in the second half of XX century is provided 
due to the com pensation m echanism . The 
main source of compensation of flow losses 
related to the degradation of glaciation is the 
water from the underground and stone glaciers. 
They am ount to 85% of com pensatory flow. 
The other part of it is being formed due to 
water from melted perennial permafrost.

No doubt, that in conditions of the Central 
Asia the further degradation of freezing will 
not cause significant decrease o f restorable 
water resources and changes in distribution 
of the river flow within a year. Losses o f  flow 
caused by the further degradation provided 
for by glaciation will be compensated due to 
water from melted underground ice coming 
to the flow including one accum ulated in the 
layer o f  perennial permafrost. Because the 
reserves o f underground ice are comparable 
with recent ice resources and intensiveness 
o f  their melting is significantly less than the 
one o f the open glaciers the process o f  their 
destruction may last for hundreds o f  years. 
At least it is possible to assume that  in the

next century restorable water resources o f  
the main water collecting basins o f the C en­
tral Asia will not significantly decrease due 
to degradation of glaciation and the rates of 
river flow distribution within a year will not 
significantly change as well. The nature itself 
gives us the opportunity  to manage all water 
resources known at present in a proper way 
without a fear of their significant decrease 
at least due to con tin u o u s  degradation  o f 
glaciation.

Conclusion
Researches completed give basis for the 

following conclusions.
1. For the recent decades of the past centu­

ry glaciation in the maintains o f  South East 
K azakhstan  and  su rro u n d in g s  m o u n ta in s  
regions were in state o f  stable degradation. 
The rate of the area decrease for this period 
was not constant. During 1950-1970s years 
o f  the last century it quickly increased, but, 
having reached a maximum in second half 
o f  70s, during the subsequent period down 
to the end of XX century it was reduced. On 
northern slope of Zailiyskiy Alatau during 
the period from 1955 till 1979 rate of glacia­
tion area reduction has increased more than 
in 1,5 times (with 0,816 up to 1,27 % one year), 
but by the end o f century it has decreased to
0,896 % per year.

2. The average value o f the rate o f  de­
crease of the area o f glaciation for the period 
1955-1990 years, for the most researched ter­
ritory o f the N orthern  slope o f Zailiyskiy 
Alatau makes up 0.82% per year. If to start 
calculation from the area o f the glaciers in ­
dicated in the first edition of the catalog (de­
termined on the basis o f maps 1:100000), the 
average rate of decrease o f the area o f glacia­
tion in the m ountains o f  South East Kaza­
khstan was 0.70% per year for the cons id ­
ered period. This is close to the results o f  
similar findings for the West, Central, and 
Inner Tien Shan, which testify to the similar 
trends and similar intensively o f glaciation
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in the whole region and gives basis lo use 
regularities and quantitative correlations de­
termined for the conditions o f  South East 
Kazakhstan in order to solve similar prob­
lems in other m ountain regions o f the C en­
tral Asia.

3. The size of the glacier is determining 
factor o f the rate o f  decrease o f the area of 
glaciers, the role o f layouts and the m orpho­
logic type o f the glacier are insignificant.  
Dependency of the rate of decrease o f the 
glaciers of the area o f their surface is o f  the 
exponential nature and the area F== 13-14 km 2 
is a marginal value: with its increase the re­
gime o f  the glacier is determined mainly by 
the macroclimatic conditions o f the region 
with the maximally limited influence o f the 
local factors. The fact that the marginal val­
ue o f  the area o f the glacier has been deter­
mined earlier during the research o f  the reg­
ularities o f  the allocation o f the altitude of 
the firn line in the m ountains o f  Eurasia [120,
124, 125], gives basis to assume that the gi­
ven size o f  the area o f the open surface of 
the glacier is a marginal value indeed. With 
its increase the mechanism of the self-regu­
lation o f the glacier is so distinct that  is sup­
presses the effects o f  all factors o f  the local 
nature and the characteristics o f  the regime 
of the glacier are determined by the macro- 
climatic characteristics o f  the region.

4. The regime o f each glacier is individual 
and may significantly differ not only from 
the average regime taken for the given glacier 
system but from the characteris tics  o f  the 
regime of the glacier located near it. It is risky 
to use the ratios o f the glaciological regime 
of the specific glacier for the characteristics 
o f  regimes of o ther glaciers even the ones 
situated near. The difference could be not only 
significant but have different signs (plus or 
minus). Such approach is acceptable when we 
speak about the behavior o f  glaciation in the 
large river basins of whole glacier systems.

5. The rate o f  degradation o f  the glaciers 
practically does not depend on their layout

and morphologic type. The territorial differ­
ences of the degradation rates are determined 
by the differences o f the background tem ­
perature at one hand and at another hand by 
the conditions of orography. The lack o f the 
distinct dependency o f the rates of decrease 
o f the area of the glaciers on their layouts 
testify to the significant contribution o f the 
advective component in the temperature bal­
ance of the glacier surface. In addition, the 
differences o f the temperature background 
especially contrasting  one at the opposite  
macro slopes of the mountain ranges are a 
vivid proof of the differences o f the am ounts 
of the direct sun radiation.

6. The territorial differences o f the rates 
of the degradation of the glaciers are deter­
mined first of all by the relative orientation 
of the macro slopes as the sides of horizon and 
as the dom inating direction o f the a tm os­
phere moisture transfer. The maximum rates 
o f  the degradation are typical for glaciation 
of south macro slopes of ranges and minimum 
rates are typical for the orographically closed 
basins o f  eastern orientation and the most 
moistures basins at the western periphery of 
the m ountain  countries favorably oriented 
relatively the dom inating  direction  o f  the 
atmosphere moisture transfer. In first case the 
key role of the higher temperature background 
typical for the m acro slopes o f  the south  
orientation is distinct. In two last cases the 
reason of slow rates o f the glacier degradation 
is a relatively large share o f sum m er precipi­
tations in their total annual amount: often 
summer precipitations the majority of which 
comes as solid precipitations within a glacier 
range contribute to the «glacier conservation», 
significantly decreasing the intensiveness of 
the ice ablation.

7. Basically with respect to the up-to - 
date knowledge about the glaciation regime 
the objective of the glaciological forecast is 
not complicated. But the problem concludes 
in the fairness of the forecast o f  the probable 
changes of the temperature o f the air and the
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totals of precipitations. The reliability of their 
forest estimation at the basis of the modern 
climate models is low. In such conditions 
the most promising approach is extrapolation 
o f the characteristics o f  changes o f  glacia­
tion determined using the observation m ate­
rials or on the bases o f  aerial surveys or space 
photography made during the recent decades.

8. With respect to distortions o f  the nat­
ural margins o f  the climate characteristics 
under the influence o f the m an-m ade chan­
ges o f the landscapes and urbanized terr ito­
ries the forecasts o f  the significant increase 
o f the air tem perature in the near decades 
(by 3,5 - 4,5'C) received on the basis o f  the 
climate models could hardly be recognized a 
reliable basis for the forecast o f  the changes 
o f snow, ice and water resources o f  the con­
sidered region.

9. Even if the recent tem perature regime 
remains the same the glaciation degradation 
in near future decades will continue in the 
Central Asia and Kazakhstan and by the mid 
o f the current century the ice reserves o f the 
region can decrease not less than by one third 
in com parison with their  cu rren t am ount.  
The complete disappearance of glaciation in 
the current century is hardy possible.

10. The considered territorial differenc­
es o f  the rates o f degradation o f  the glaciers 
give a basis to state that  in the m ountains  of 
the Central Asia and Kazakhstan the glaciers 
o f  south macro slopes of the mountain  rang­
es are the most resistant to the influences of 
the climate changes. The most «viable» are 
the glaciers located at the west periphery of 
the m ountain basins and macro slopes o f the 
mountains facing west and southwest — to ­
wards the direction o f the dom inating a tm o­
sphere moisture transfer. Similar resistance

is typical for the glaciers of macro slopes (riv­
er basins) o f  the opposite east orientation. In 
two last cases the mechanism of the glacier 
«support» is a relatively big share o f  sum m er 
precipitations in their annual am ount: often 
sum m er precipitations coming to the glacier 
range in a solid state contribute to the gla­
cier «conservation» significantly decreasing 
the ablation of ice.

11. A number of facts (positive mass bal­
ance in the feeding area o f  T uyuksu  glacier 
group for the last 40 years, advance o f  some 
large glaciers in Central Karakorum, stabili­
zation o f the rates o f glaciation degradation 
in the 1980s and probable considerable re ­
duction o f  degradation rates by the end of 
1990s, stabilization o f temperature o f  perm a­
frost rocks in the second part o f  the 1990s) 
enable to make a suggestion that the process 
o f  global warming characteristic o f the last 
century  had slowed down during the last de­
cades and foreseeable fu ture may show the 
change of the sign o f  glaciation in the C en­
tral Asian mountains to the opposite one. The 
above conclusion as well as the above doubts  
about rates, reasons and perspectives o f  cu r­
rent and prognosis climate changes need ad­
ditional substantiation and it is impossible 
to get it w ithout organization o f target large- 
scale investigations. It is especially im por­
tan t to organize the system o f  m onitoring of 
natural processes in the least studied high- 
m ountain  glacial-nival belt. It is the area of 
concentration o f all ice and overwhelm ing 
part o f  snow resources (in the conditions of 
Kazakhstan and neighboring Central Asian 
countries  its a ltitude is 3000-3200m) - the 
main source of formation o f river flow and 
renewable resources of drinking water in Cen- 
tral-Asian region.

59



L IT E R A T U R E

1. Adamenko V.N. 1975. Climate of the large 
cities (review). Obninsk, 1975,-71 pp. (in Russian).

2. Agaltseva N.A., Borovikova L.N. 1999. 
Estimation of vulnerability of a rivers runoff 
of Aral Sea basin from probable influences 
o f c lim ate  c h a n g e / /  B u lle tin  S ANI GMI .  
An estimation of vulnerability of water resour­
ces from changes of climate. Issue.3, 1999, 
p. 36-45. (in Russian);

3 .Agaltseva N.A., Borovikova L.N. 2002. The 
complex approach to an estimation of vulne­
rability of water resources in conditions of 
climate change / /  The Bulletin. An estimation 
of changes of a climate on territories of the 
Republic of Uzbekistan, development of me­
thodical positions of an estimation of vulnera­
bility of the natural environment. Issue №5,2002, 
p. 26-35. (in Russian)

4. Agaltseva N.A., Konovalov V.G. 2005. Ex­
pected changes of the sizes of glaciation and a 
rivers runoff at various scripts of the future cli­
mate change of the Earth / /  The exchange of the 
intellectual property, Т. IV, №  8, 2005, p. 37-47. 
(in Russian).

5. AkbarovA.A.,Suslov V.F. 1986. Mass Bal­
ance of Central Asia glaciers and its connection 
with a rivers runoff / /  MGR. М., 1986, Issue 58, 
p. 56-59. (in Russian).

G.Artiemleva S.S., Tsarev В. K. 2003. Climatic 
changes of the winter period in mountains of 
Western Tien Shan. //»Risk-2003", Tashkent, 
2003. p. 138-142. (in Russian).

7. Ayzin V.B. 1984. A modern glaciation of 
Ala-Archabasin//Works SAN1I. Issue 105(186), 
1984, p. 111-119. (in Russian).

8. Ayzin V.B. 1985. Mass balance of the Go- 
lubin’s glacier for 1959/60-1981/82// Materials 
of glaciological researches. The chronicle, 
discussions. М., 1985, issue.53. p. 44-55. (in 
Russian).

9. Ayzin V.B. 1985. A glaciation and its evo­
lution in peripheral ridges of Northern Tien Shan

(by the example of Ala-Archa basin). Abstract 
of candidate’s dissertation : М., 1988, 20 p. (in 
Russian).

10. Batyrov R. S., Yakovlev A.V. 2004. Moni­
toring of mountain glaciers of some areas of 
G issaro -A la i with usage o f space images 
ASTER TERRA. / /  Glaciology of mountain 
areas. Works NIGMI. Issue. 3 2004. P. 22-27. (in 
Russian).

11. Blagoveshchenskiy V.P., Pimankina N. V.
1997. Fluctuations of snowiness in mountain 
areas of Southeast Kazakhstan / /  Hydrometeo­
rology and ecology. 1997, №3, p 187-197. (in Rus­
sian).

12. Bohner A., Giese E., Gang Z. 1999. Die 
autonome Region Xinjiang (RV China) — Eine 
ordnungspolitischie und regionlokonomische 
Studie (Band II). Zentrum fur regionale En- 
tw ick lu n g sfo rsch u n g  der J u s tu s -L e ib in g -  
Universitat Giessen/ Schriften 73. Lit Verlag 
Munster-Hamburg-London. 1999. 112 p.

13. Bolch T. 2006. GIS-und fernerkundungs- 
gestutzte Analyse und Visualisiereung von Klima- 
und Gletscheranderungen im nordlichen Tien 
Shan(Kasachstan/Kyrgyzstan) mit evenVerleich 
zur Bernina-Gruppe/Alpen. Erlangen, 2006.246 p. 
http://www.geographie.uni-erlangen.de/trolch/ 
lit/Bolch06_Diss_eBook.pdf(ca.l7MB)

14. BudykoM.I. 1987. Antropogenous chang­
es of climate. Leningrad: Hydrometeoizdat 
(H1MIZ), 1987, -405 pp. (in Russian).

15. Budyko M.I. 1991. Analog method of an 
estimation of forthcoming changes of climate / /  
Meteorology and hydrology. 1991, #4. pp. 39-49. 
(in Russian).

16. Budyko M.I., Groisman P. Ya. 1991. Expec­
ted changes of climate of the USSR to 2000 year. 
/ /  Meteorology and hydrology. 1991, #4. pp.84- 
94. (in Russian).

17. Cherkasov P.A. 1970. Glaciers inventory of 
USSR. Volume 13, issue 2, part 6. L. Hydrome­
teoizdat, 1970. 84 p. (in Russian).

60

18. Cherkasov P.A. 1975. Glaciers inventory 
of USSR. Volume 13, issue 2, part 4. L. Hydrom­
eteoizdat, 1975. 77 p. (in Russian).

19. Cherkasov P.A. 1997. The mountain gla­
cier system monitoring role during evaluating 
of ecological and natural resources potential of 
Kazakhstan. / /  Hydrometeorology and ecology. 
№ 3. pp 176 -  186. (in Russian).

20. Cherkasov P.A. 1998. at al. New Glaciers 
inventory of Zailiyskiy- Kungei glacier system 
/ /  Geographical basis of sustainable develop­
ment of the Republic of Kazakhstan. Almaty.
1998. P. 8-16. (in Russian).

21. Cherkasov P.A. 2002. Estimation of the 
Quantity and Area of Glaciers in the Chilik River 
Basin in Second Half of the XX Century / /  Hyd­
rometeorology and ecology, No.3, pp. 70-77(in 
Russian).

22. Cherkasov P.A. 2002. Preliminary analy­
ses of quantity and area of glaciers change on 
the Zailiyskiy Alatau northern slope during the 
1955-1990 years period //Hydrometeorology and 
ecology, No. 1, pp. 135-140 (in Russian).

23. Cherkasov P.A., Nikitin S.A. 1989. To the 
method of calculation of mountain glaciers vo­
lume by using the data of radiolocational (sur­
faces and air) research (on the sample of Dzhun- 
ghar Alatau Range) / /  Glaciers, Snow cover and 
avalanches of the mountains of Kazakhstan., 
Almaty, «Nauka», pp. 18-37; (in Russian).

24. Cherkasov P.A., Eriskovskaya L.A., Kay- 
muldaeva K., Kusainova N.M. 2000, New glacier 
inventory of Kazakhstan part of Dzhunghar gla­
cier system//New methods of Natural Research 
and Natural-economic systems. Reports of In­
ternational Conference. «Almaty Kazakh State 
University», 2000. P. 9-15 (in Russian).

25. Cherkasov P.A., Yeriskovskaya L.A., Udar- 
tsevS. V., Solodovnikova Т. V. 2002. About the gla­
cier catalogue on the Zailiyskiy Alatau northern 
slope during the period before 1990 / /  Hydro­
meteorology and ecology, No. 1., pp 123-134 
(in Russian).

26. Chichasov G.N., Shamen A.M. 1997. Long­
term change of climate and their consequence 
for grain agriculture of Kazakhstan / /  Hydrome­
teorology and ecology. 1997, # 3, 29-41pp. (in 
Russian).

27. ChubV.E. 2000. Climate Change and its 
Influence on Natural Resource Potential of the 
Republic of Uzbekistan. Tashkent, 252 pp. (in 
Russian).

28. Chub V.E., Ososkova T.A. 1999. Climate 
Change and surface’s water resources of the Aral 
Sea basin / /  Bulletin SANIGMI. An estimation 
of vulnerability of water resources from climate 
change. Issue 3,1999, p. 5-14. (in Russian).

29. Chub, V.E., ChanyshevaS.P., Nikulina S.P., 
Spektorman T. Yu., Subboptina S.M. 1999. Deve­
lopment of regional climatic sceneries / /  Bul­
letin SANIGMI. Regional climatic sceneries of 
probable impact of climate change on an agri­
culture and wood vegetation. Issue. 1,1999, p. 4-14. 
(in Russian).

30. Climate of Moscow. 1969. Leningrad, 
Hydrometeoizdat,- 1969, 323 p. (in Russian)

31. Climate Change, 2001. The generalized 
report. The contribution of working groups I,
II, III in preparation of the Third report on an 
estimation of the Intergovernmental commis­
sion of experts on change of a climate. WMO, 
UNEP. 2003.510 p. (in Russian).

32. Contemporary ecological status of Bal­
khash lake basin (edited by Т.К. Kudekov). 2002. 
Almaty «Kaganat», 387 p. (in Russian).

33. Dikih A.N. 1982. A regime of a modern 
glaciation of Central Tien Shan. Frunze: Ylym, 
1982.159 p. (in Russian).

34. Dikih A.N. 1990. Balance state of valleys 
glaciers of the Central Tien Shan / /  Glacio- 
nival oblasts of the Tien-Shan. — Frunze: Ilim. 
P.3-17. (in Russian).

35. Dikih A.N. 1998. Research of a regime of 
glaciation, ice resources and a glacial runoff of 
the Tien Shan mountain system. Thesis of doc­
tor’s dissertation. М., 1998, 32c. (in Russian).

36. Dikih. A.N. 2001 Problem and prognosis 
of glaciation and river water content in Central 
Asia 11 Water and sustainable development in 
Central Asia. Bishkek, pp. 88-92. (in Russian).

37. Dikih A.N., Usubaliyev R., Dzhumashev K.
2001 Dynamics of glaciation of the Kyrgyz Ala- 
Too northern slope and its influence on river 
water content (on example of the Ala-Archa) / /  
Meteorology and hydrology in Kyrgyzstan. 
Issue 1. Bishkek, pp 19-25.

61

http://www.geographie.uni-erlangen.de/trolch/


38. Dolgikh S.A. 1995. About the long-term 
tendencies of thermal mode in territory of Re­
public of Kazakhstan / /  Hydrometeorology and 
ecology. 1995. #3. with. 68-77. (in Russian).

39. Dolgikh S.A., Piliphosova О. V. 1996. About 
methods of estimation expected changes of glo­
bal climate and scenario of climatic change in 
Kazakhstan / /  Hydrology and ecology. 1996. #4, 
94-109 pp. (in Russian).

40. Dyurgerov M.B. (Ed.) 1995. Glaciation of 
Tien Shan. 1995. 237 c. (in Russian).

41. Dyurgerov M. 2002. Glacier Mass Balance 
and Regime: Data of Measurements and Analy­
sis /  Univer-sity of Colorado, Institute of Arctic 
and Alpine Research, Occasional Paper 55, 2002. 
268 p.

42. Dyurgerov M.B. 2005. Mountain glaciers are 
at risk of extinction / /  Uli M. Huber, Harald K.M. 
Bugmann and Mel A. Reasoner (Ed.) Global 
change and Mountain Regions. An overview of 
Current Knowledge. Advances in Global Change 
Research. Volume 23. Springer. 2005. P. 177-184.

43. Eder K., Geiss Т., Rentsch H., Kokarev A., 
Uvarov V. 2005. Surveying and mapping of the 
Tuyuksu Glacier Region, Kazakhstan, 1:10,000. — 
IUGG(CCS) -  UNEP -  UNESCO. Fluctuations 
of Glaciers 1995-2000, Vol. VIII. World Glacier 
Monitoring Service. Zurich, 2005 p. 72-73.

44. Erasov N. V. 1968. A method of determi­
nation of volume of mountain glaciers /  MGI. 
Issue 14. M. 1968, p. 307-308. (in Russian).

45. Eserkepova LB. Piliphosova О. V., Chichas- 
ov G.N., Shamen A. 1996. About research of in­
fluence global warming on natural resources and 
eco-nomy of Kazakhstan and action for mitiga­
tion of negative consequences of possible chang­
es of climate / /  Hydrometeorology and ecolo­
gy. 1996. #2, 58-75pp. (in Russian).

46. Faizov K. Sh., Asanbaev I.K. 1997. About 
influence of global warming a climate on eco­
logical parameters and geography of soils of 
Kazakhstan / /  Hydrometeorology and ecology.
1997. № 2, p. 160-169. (in Russian).

47. Fluctuations of Glaciers 1990-1995. Vol. 
V 11. Zurich: World Glacier Monitoring Service. 
IAHS-UNEP-UNESCO, 1998. -  296 p.

48. Galperin R.I. 2003. To the question on 
change of a river runoff from northern slope of

Zailiyskiy Alatau / /  The Bulletin Kaz. N.U, a 
Series the geographical, № 1(16). 2003, p. 22-27. 
(in Russian).

49. Giese E., SehringJ. , Trouchine A. 2004. 
Zwischenstaache Wassernutzungskongskon- 
flikte in Zentralasien. Zentrum fur internation- 
ale Entwicklungs- und Umweltforschung. Dis- 
kussionsbeittrage/Discussion Papers/ Giessn. 
#.18, Mai, 2004.

50. Glacier inventory of China. 1986. III. Tien 
Shan mountains (Ili river drainage basin). Chi­
na, Science Press, 1986. 146 p. (In Chinas).

51. Glacier inventory of the USSA, 1967, 
V. 13. Central and Southern Kazakhstan. Issue 2, 
part IThe basins of the left tributaries of the Hi 
River from estuary of the Kurty river to estuary 
of the Turgen river. L. Hydrometeoizdat, 1967, 
78 p. (in Russian).

52. Glacier inventory of the USSA, 1967, 
V. 13. Central and Southern Kazakhstan, second 
issue. Balkhash Lake Basin, parts 1-7, Leningrad, 
Hydrometeoizdat; (in Russian).

53. Glacier Mass Balance Bulletin, № 5 
(1996-1997). Zurich: IAHS-UNEP-UNESCO,
1999.-96 p.

54. Glacier Mass Balance Bulletin, № 6 
(1998-1999). Zurich: IAHS-UNEP-UNESCO,
2000.-96  p.

55. Glazirin G.E. 1991. Mountain glacial sys­
tems, their structure and evolution. Jl.: GIMIZ, 
1991,109c. (in Russian)

56. Glazirin G.E. 1996. The reaction of gla­
ciers in West Tien Shan to climate change / /  
Zeitschrift fuer Gletscherkunde und Glacial- 
geologie. Band 3. 1996. P. 33-39.

57. Glazirin G.E. 2003. Distribution and re­
gime of mountain glaciers. L., Hydrometeo­
izdat, 1985.182 p. (in Russian).

58. Glazirin G.E., FaizrachmanovSh. K. 1983. 
Fluctuations of glaciers for last 20 years and their 
connection with climate change// Works of S ANII. 
1983. Issue 91 (172), p. 72-81. (in Russian)

59. Glazyrin G.E., DomashevaN.A., Morozyuk 
Dz.V., Yakovlev A. V. 1991. Century course of 
climate of Tashkent / /  Geographical Society of 
Uzbeki-stan, # 17. 1991. 18-24 pp. (in Russian).

60. Glazirin G.E., SchetinnikovA. 2001. Modern 
and probable future change of glaciation of

62

Western Tien Shan. / /  Works of S ANIGMI, 2001, 
Issue 161 (242), p. 4-14 (in Russian).

61. Glazirin G.E., SchetinnikovA. 2001 A state 
of glaciation of Gissaro-Alai in last decades and 
its probable dynamics in connection with the 
future climate change. / /  MGI, Issue. 90. 2001, 
p. 126-129. (in Russian).

62. Glazirin G.E., Kodoma Yu. 2003. An esti­
mation of change of glaciation in a transitive 
regime at climate change// MGI. Issue 94. 2003, 
p. 212-215 (in Russian).

63. G le tsch e rg eb ie t  T u ju k su ,  Sailiski 
Alatau. M 1:10 000. - Institut fur Kartographie 
Т.Н. Dresden. — VEB Hermann Haack, 1961.

64. Golodkovskaya N.A. 1982. Reconstruction 
of the Central Caucasus freezing in XIII-XX cen­
turies (on l ichen-m etr ica l  data) -  T hesis  
of candidate dissertation. Moscow; 27 p. (in 
Russian).

65. Golubtzov V. V.,Li V.I., Skotzelias I.I. 1996. 
About use of model of formation run-off for an 
estimation of influence of antropogenous chang­
es of climate to the surface water resources / /  
Hydrometeorology and ecology. 1996. #4. 132- 
137 pp. (in Russian).

66. Gorbunov A.P., Marchenko S.S., Sever­
skiy E.V., Titkov S.N. (1997) Geocryological 
condition changes in the Northern Tien Shan in 
connection with global climate warming / /  
Hydrometeorology and Ecology. №3. 1997.

67. Gorbunov A.P., Severskiy E. V. Evaluation 
of underground ice reserves in northern Tien Shan 
/ /  Hydrometeorology and ecology. Almaty,
1998, No 3-4, pp. 138-150

68. Gorbunov A.P., Severskiy E. V. 2001. Mud­
flows in vicinities of Almaty. A View to the past. 
Almaty, 2001, 79 p. (in Russian).

69. Gosagroprom of USSR, Kazakhstani de­
portment of VISHAGI. 1997 Materials on object 
К-86-glaciers. The list of names and the areas of 
glaciers of Zailiyskiy and Kungei Alatau and 
Chilik-Kemin crosspieces. Alma-Ata, 1987,128 p. 
(in Russian).

70. Gossen E.F., MizinaS. V., JoelB. 1997. Smith. 
Some aspects of development of grain agricul­
ture of Kazakhstan in view of possible change 
of climate / /  Hydrometeorology and ecology. 
1997. # 3. 50-63 pp. (in Russian).

71. Grechanichenko Yu. Yu. 1991. Spreading 
surface and thermal mode of the Asian continent 
/ / St.-Petersburg. 1991, 16 p. (in Russian).

72. Grigoriev A. A., Kondatiev K.Ja. 2001. Eco­
nomy and geopolitics / /  V. II Ecological acci­
dents. Saint Petersburg, 2001,687 p. (in Russian).

73. GuisanA., TessierL., HoltenJ.I., Haeberli W., 
Baumgartner M. 1995. Understanding the impact 
of Climate Change on Mountain Ecosystems: 
an overview. In: Guisan A., Holten J.I., Tessier 
(ed.), Potential Ecological Impacts of Climate 
Change in the Alps an Fennoscandian M oun­
tains. Geneva, 1995.Pp. 15-37.

74. Hewitt K. 2005. The Karakoram Anomaly? 
Glacier Expansion and the « Elevation Effect», Kara­
koram Himalaya. / /  Mountain Research and Deve­
lopment. Volume 25, № 4, Nov. 2005, pp. 332-340.

75. Hublaryan M.G., DobrovolskiyS.G., Naide- 
nov V.I. 2003. An estimation of probable changes 
of a river runoff owing to changes of a global 
climate / /  the world conference on climate change, 
on September, 29 - October, 3, 2003. Moscow, 
Russia/Theses of reports, p. 254. (in Russian).

76. IPCC, 2001; Climate Change 2001: Im­
pacts, Adaptation, and Vulnerability/ Contribu­
tion of Working Group II to Third assessment 
report of the Intergovernmental Panel on Cli­
mate Change, http://www.ipcc.ch/

77. IPCC,2001: Climate Change 2001: The 
Scientific Basis. Contribution of Working Group
I to the Third Assessment of the Intergovern­
mental Panel on Climate Change- Cambridge 
University Press, Cambridge, United Kingdom 
and New York, NY, USA, 881 p.

78. ICG (2002): Central Asia: Water and 
Conflict.  In ternational Crisis G roup. Asia 
Report № 34. 2002.47p.

79. Kevin T. 1997. Pickering and Lewis A. Owen. 
An introduction to Global Environmental Issues. 
London and New York, 1997. — 512 pp.

80. Kipshakbayev N.K., Sokolov V.I. 2002. 
Water resources of the Aral sea basin — forma­
tion, distribution, usage. / /  Water resources of 
Central Asia. Tashkent, pp. 63-67. (in Russian).

81. Konovalov V.G. 2003. Spatial extrapola­
tion of a climate on territory of the Central Asia 
/ /  News AS. A series geographical, 2003, № 5, 
p. 97-106. (in Russian).

63

http://www.ipcc.ch/


82. Kondratiev K.Ja. 2004. The priority of 
Global Climatology / /  Proceedings of Russian 
Geographical Society, 2004, Issue. 2, p. 1-32. (in 
Russian).

83. Kondratyev К. Ya., Donchenko V.K. 1999. 
Economics and Geopolitics. Vol.l The Global 
Problems (Kondratyev К Ya) St. Petersburg, 1999. 
1039p. (in Russian).

84. Kondratyev K. Ya., Demirchan V.K., Ba- 
lyunas S., Adamenko B.N., Bomer-Kristiansen S., 
IdsoSh. B., Kukla D., Postmaster £  S., Sunn B. 2001. 
Changes of a global climate: conceptual aspects. 
Saint Petersburg, 2001, 125 p. (in Russian).

85. Konovalov V.G. 2003. Long-term fluctua­
tions of glaciation and a runoff of the rivers of 
the Central Asia in modern climatic conditions. 
/ /  Meteorology and a hydrology, № 9, 2005, 
p. 69-83. (in Russian).

86. Kotliakov V.M. (Ed.) 1984. Glaciological 
dictionary. L. Hydrometeoizdat, 1984. 528 p. (in 
Russian).

87. Kotliakov V.M., Krenke A.N., Dyurgerov 
M.B., Glazovsky N.F. 1987. Development of bases 
of glaciological forecast / /  New in physical 
geography. М., 1987, p. 154-169. (in Russian).

88. Kratzer P.A. Climate of city. Moscow, 
1958. 239 pp. (in Russian).

89. Krenke A.N. 1982. Mass-change in glacier 
systems on the territory of USSR. M. GIMIZ,
1982. 286 p. (in Russian).

90. Krenke A .N. 1989. Antropogenous changes 
of geographical law and their influence on heat and 
humidity ratio in climatic system / /  Proceedings 
of Academy of Sciences of the USSR. Series 
geographical. 1989, #3. 43-50 pp. (in Russian).

91. Krenke A .N. 1992. Problems of climatic 
forecasts / /  The theory and methods of geo­
graphical forecasting: opportunities and ways. 
М., 1992, p. 44-59. (in Russian).

92. Kuzmichenok V.A. 1996 About a statisti­
cal estimation of volumes of glaciers / /  MG1, 
Issue 80. М., 1996, p. 200-206. (in Russian).

93. Landsberg G.E. Climate of city. Leningrad, 
Hydrometeoizdat, 1983. 248 pp. (in Russian).

94. Macheret Yu. Ya., Cherkasov P.A., Bobro­
va LA. 1988. Thickness and volume of glaciers of 
Dzhunghar Alatau on the data aero-radio pro­
b ing//  MGI. Issue 62,1988, p. 59-64 (in Russian).

95. Makarevich K.G., PalgovN.N., Tokmagam- 
betov G.A., Vilesov E.N., Sudakov P.A. Golovko­
va R.G., Denisova T. Ya., Egorova N.D. 1969. The 
glaciation of Zailiyskiy Alatau/ Alma-Ata, 1969. 
286 p. (in Russian).

96. Makarevich K.G., Vilesov E.N., Shaba- 
nov P.F., Golovkova R.G., Denisova T.Ya. 1985. 
A regime of Northern Tien Shan’s glaciers for 
25 years (from 1956 on 1981)/ / MGI, М., 1985. 
Issue 54, p. 60-68. (in Russian).

97. Malkovskiy I.M., MedeuA.R. 2003. Water 
resources of Kazakhstan as the factor national 
safety / /  Modern problems of hydro-ecology in­
ner-continental without-drain basins of the Cen­
tral Asia. Almaty, 2003. p. 42-47. (in Russian).

98. Marchenko S. 2003. Cryolitozone of Nor­
thern Tien Shan: the past, present, future. Yakutsk, 
2003.79 p. (in Russian).

99. Mazo A.B., Glazirin G.E. 1986. A method 
of calculation of volume of a stationary moun­
tain glacier// Works of SANIGMI, Issue 17 (198), 
1986, p. 88-98. (in Russian).

100. Maximov £  V. 1984. A state of glaciation 
Kirghiz Ala-Too in the future (experience of 
glaciological forecast) / /  The Bulletin of LU. 
A series geology, geography. 1984, p. 34-43. 
(in Russian).

101. MizinaS. V., Erkesepova I.B., Sutyushev V.R. 
1997. Estimation of vulnerability of wheat pro­
ductiv i ty  in Northern Kazakhstan for possible 
changes of climate / /  Hydrometeorology and 
ecology. 1997. #3. 64-72 pp. (in Russian).

102. News water portal update 2005, #111: 
Drylands.

103. News water portal update #117: Water 
and salinization/desalinization)-October, 2005.

104. Palgov N.N. 1964. Glaciers of Kazakh­
stan and main characteristics they regime / /  
Glaciological research in period of IHY. Zail­
iyskiy and Kyrgyzskiy Alatau, Altai. 1964, Issue
4, Alma-Ata, p. 5-27. (in Russian).

105. Palgov N.N. 1970. The life of one glacier. 
Alma-Ata: Nauka, 123 p. (in Russian).

106. Panov V.D. 1993. Evolution of a modern 
glaciation of Caucasus. S.- Petersburg: GIMIZ, 
1993,432c. (in Russian).

107. Pavlov A.S. 1997. Regularities of for­
mation cryolithic zone for modern changes of

64

climate / /  Proceeding of Russian Academy of 
Sciences. Series geographical. 1997, #4,61-75pp.

108. Pimankina N.V. ( 1998)Tendencies of 
changes of snow conditions in Kazakhstani part 
of the Tien Shan for the last 30 years / /  Geo­
graphical principles of sustainable development 
of Kazakhstan.Almaty.pp.75-79(in Russian).

109. Pimankina N. V. (1999) Snow as resource 
and perspectives of winter tourism in Kazakh­
stani Tien Shan / /  Problem of tourism develop­
ment and rehabilitation of Silk Road in Sou­
thern Kazakhstan. Shimkent. Pp.94-101 (in 
Russian).

110. Price M.F., Barry R. 1997. Climate change. 
In: Messerli B. and Ives J.D. (ed.), Mountains of 
the World. A Global Priority: New-York — Lon­
don, 1997. Pp .409-445

111. Ramazanov A.M. 2002. Water resources 
of Kazakhstan: problems and perspectives for 
usage. Melioration and W ater Economy 1, 
10-15. (In Russian).

112. Ryabtsev A.D., Akhmetov S.K. 2002. Ka­
zakhstan water resources: problems and pros­
pects of using. Hydrometeorology and Ecology 
1,51-73. (In Russian).

113. Sarsenbekov Т. Т., NurushevA.N., Kozha- 
kovA.E., Osipov М .0. 2004. Use and protection 
of the transboundary rivers in the countries of 
the Central Asia. Almaty, 2004. 271 p. (in Rus­
sian).

114. SchetinnikovA.S. 1976. Glaciers of Pskem 
river basin. L. Hydrometeoizdat, 1976. 121 p. (in 
Russian).

115. Schetinnikov A.S. 1993. Changes, in the 
glaciation areas in Pamir-Altai from 1957 to 1980 
/ /  MGI. Issue 76. M. 1993, pp. 77-83(in Russian).

116. Schetinnikov A.S. 1998. Morphology and 
regime of the Pamir-Alai glaciers. Tashkent: 
SANIGMI. 1998, 219 p.(in Russian).

117. Schetinnikov A.S., Likhacheva L.I. 1994. 
Changes in glaciation and runoff from the gla­
ciers of Central Asia caused by climate changes 
by the year 2005 / /  SANIGMI transactions. 
Tashkent, pp. 63-77(in Russian).

118. Schroder Severskiy I. V. (Ed.) 2004. 
Water resources in the Basin of the Ili River (Re­
public of Kazakhstan). Mensch&Bush Verlag. 
Berlin, 2004. 310 p. (In English).

119. Serebryaniy L.R., Orlov A. V., Solomina
O.N. 1988. Perspectives of the Tien Shan freez­
ing developm ent.//  Reports of Academy of 
sciences of USSR. 303, № 4. pp. 925 928. (in 
Russian).

120. Severskiy l.V. 1982. A problem of an 
estimation snow-covering and avalanche dan­
ger of mountain territory. Abstract of Doctors 
dissertation. М., 1982, 37 p. (in Russian).

121. Severskiy I. V. 1997. On a procedure of eva­
luating average annual sums of solid precipita­
tion on an equilibrium line of glaciers / /  34 se­
lected papers on main ideas of the Soviet glacio­
logy, 1940s-1980s. Minsk, 1997, P. 347-354.

122. Severskiy I. V. 1999. To the Problem of 
Climate Change. Reports of Ministry of Science 
and Higher Education, National Academy of 
Sciences, Republic of Kazakhstan. V. 2, pp. 83-96.

123. Severskiy I. V. 2004. Water-related Prob­
lems of Central Asia: Some Results of the GIWA 
Assessment Program /  AMBIO. A Journal of 
the Human Environment vol.33 No 1. Feb. 2004. 
Pp. 52-62.

124. Severskiy I.V., Blagoveshchenskiy V.P.
1983. The problem of an estimation of avalanche 
danger of mountain territory. Alma-Ata, 1983. 
215 p. (in Russian).

125. Severskiy I. V., XieZichu (Ed.) 2000. Snow 
Cover and Avalanches in Tien Shan Mountains. 
Almaty, 2000. 179 p.

126. Severskiy I. V., Severskiy £  V. 1990. Snow 
cover and seasonal freezing of grounds of N or­
thern Tien Shan. Yakutsk, 1990,180 p. (in Russian).

127. Severskiy I. V., CherkasovP.A. etc. 2001. 
Report about results of research on the theme: 
«Assessment of snow-ice recourses of the zone 
of runoff formation of transboundary of Ili riv­
er basin as a basin of renewable water resour­
ces., Almaty, Institute of Geography of Minis­
try of Education and Science of Republic of 
Kazakhstan., 250 p. (in Russian).

128. Severskiy I. V., Tokmagambetov T.G. 2004 
Modern degradation of glaciation of mountains 
of Southeast Kazakhstan / /  Hydrometeorology 
and ecology, № 1. Almaty. 2004, p.72-86 in Rus­
sian).

129. Shesterova I.N. 2002. Ice resources and 
glacial runoff of the Chinese part of Ili river basin

65



/ /  Materials of scientific - practical conference - 
Problems glaciohydroclimatology of Siberia and 
adjacent territories (to the 110-anniversary from 
M.V.Tronov’s birthday). Tomsk, 2002, p. 53-54. 
(in Russian).

130. Shesterova I.N. 2002. 2003. An estima­
tion of degradation of glaciation of the Chinese 
part of li river basin / /  Hydrometeorology and 
ecology, № 3. Almaty, 2003. p. 91-96. (in Rus­
sian).

131. Shiklomanov I.A. 1998. Global Renew­
able water resources. Water a looming crisis? 
Proceeding of the International Conference on 
World Water Resources at the Beginning 21st 
Century. UNESCO,Paris, 1998. P. 3-14.

132. Skotzelias Golubtzov V.V., Li V.I. 
1997. Use, vulnerability and possible ways of ad­
aptation of resources of surface waters of Ishim 
basin in conditions of Antropogenous changes 
of climate / /  Hydrometeorology and ecology. 1997, 
№ 3, p. 91-100. (in Russian).

133. Sorokin, A.G. 2002. Modeling of mana­
gement of transboundary rivers water resources 
in the Amudarya and Syrdarya basins. Meliora­
tion and Water Economy 1,48—53. (In Russian).

134. SPECA-Report: Strengthening coope­
ration for rational and efficient use of water and 
energy resources in Central Asia. U NITD  
NATIONS, New York, 2004. 75 pp.

135. Spektorman T. Yu. 1999. An estimation 
of probable extreme values of air temperature 
and precipitation on territory of Uzbekistan for 
conditions of the climatic scenario / /  Bulletin 
SANIG M I. An estimation of changes of a 
climate on territories of Republic Uzbekistan, 
development of methodical positions of an 
estimation of vulnerability of the natural envi­
ronment. Вып. 5. 1999, p. 75-82. (in Russian).

136. Spektorman T.Yu., Nikulina S.P. 1999. 
Scenarios of probable climate change of Uzbeki­
stan and adjoining territory on the basis of tar­
get results of models of the common circulation 
/ /  Bulletin SANIGMI. Regional climatic scripts, 
probable influences of climate changes on an 
agriculture and forest vegetation. Вып. I, 1999, 
p. 41-42. (in Russian).

137. Spektorman T.Yu., Nikulina S.P. 2002. 
Monitoring a climate, an estimation of climatic

changes on territory of Uzbekistan / /  Bulletin 
SANIGMI. An estimation of climate changes 
on territories of Republic Uzbekistan, develop­
ment of methodical positions of an estimation 
of vulnerability of the natural environment. 
Issue №5, 2002, p. 17-25. (in Russian).

138. Spektorman T. Yu. 2002. A technique of 
construction of the scenario of a climate change 
on territory of Uzbekistan with use of the con­
cept of « the Ideal forecast» / /  Bulletin SANIGMI. 
An estimation of climate change on territories 
of Republic Uzbekistan, development of me­
thodical positions of an estimation of vulnera­
bility of the natural environment. Вып.5, 2002, 
p. 83-88. (in Russian).

139. Tokmagambetov T.G. 2003. The analysis 
of a modern condition of glaciation of northern 
slope of Zailiyskiy Alatau / /  Hydrometeorology 
and ecology. № 1, 2003, p. 71-80. (in Russian).

140. Tsarev B.K. 2003 Climatic changes of the 
winter period in Western Tien Shan mountains. 
Tashkent: SANIGMI, 2003, p. 138-142. (in Rus­
sian).

141. Tuyuksu glaciers(Northern Tien Shan)
1984. L. Hydrometeoizdat, 1984.171 p. (in Russian).

142. Tuyuksu glacier-mountain basin in Zail­
iyskiy Alatau. 2001. A map of M 1:10 000. The 
commission on glaciology of the Bavarian Acad­
emy of sciences. - Munich: 2001 (on Russian and 
D ouche)

143. UNEP, 2005. Severskiy I. V., Chervanyov
I., Ponomarenko Y, Novikova N.M., MiagkovS. V., 
Rautalahti E. and D. Daler. Aral Sea, GIWA 
Regional assessment 24. University of Kalmar, 
Kalmar, Sweden. 2005. 87p.

144. UNESCO Water portal weekly update. 
2005, # 113 (October 2005)].

145. UNESCO water portal weekly update #
102 (July 2005);

146. Variability of climate of Central Asia /  
Editors: Muminov F.A., Inagamova S.I. Tash­
kent, 1995. 215 pp. (in Russian).

147. Vdovin B.I., Tsarev A.M. Research an is­
land of heat above the aluminium plant / /T ru d y  
of the State Hydrological Observatory. 1987, 
issue 511. 102-107 pp. (in Russian).

148. VilesovE.N. 2003. Mass balance of Туюксу 
glacier in last decade of 20 centuries /  Hydro­

66

meteorology and ecology. 2003. №1. p. 80-84. 
(in Russian).

149. VilesovE.N. Morozova V.I. 2003. Tuyuk­
su Glacier: the results of mapping comparison for 
1958 and 1998 years. / /  Hydrometeorology and eco­
logy, № 3. Almaty, 2003. p. 82-90. (in Russian).

150. Vilesov E.N., Kusainov S.A., Belova I. V.
1991. Glacial resources of Tien Shan m oun­
tains and the basic characteristics o f  their 
distribution / /  Proceedings of Geographical 
Society of USSR, Issue. 1.1991. p. 32-39. (in 
Russian).

151. Vilesov E.N., Makarevoch K.G., Polia­
kov V. G. 1993. Existential variability of Zailiy­
skiy Alatau glacial system / /  MGI, Issue.76, М., 
1993, p. 90-95. (in Russian).

152. Vilesov E.N., Kusainov S.A. 1993. Ice re­
sources and glacial runoff of the Ili river basin / /  
Hydrometeorology in Kazakhstan. Almaty, 1993. 
p. 80-91. (in Russian).

153. VilesovE.N., Uvarov V.N., Honin R.V. 1997. 
Degradation of glaciation of northern slope of 
Zailiyskiy Alatau in second half of XX centuries 
/ /  Bulletin Kaz.GU, a series of geographical., 
№ 4,1997, p. 13-17. (in Russian).

154. Vilesov E.N., Uvarov V.N. 1998. Modern 
degradation of glaciation of northern slope of 
Zailiyskiy Alatau / /  MGI. Issue. 84,1998, p. 52-59. 
(in Russian).

155. VilesovE.N., Uvarov V.N. 1998. Monitor­
ing of glaciation of southern slope of Zailiyskiy 
Alatau in Chilik river basin / /  Geographical 
bases of sustainable development of the Repub­
lic of Kazakhstan, Almaty, 1998, p. 55-62. ( (in 
Russian).

156. Vilesov E.N., Uvarov V.N. 2001. The evo­
lution of modern glaciation of the Zailiyskiy 
Alatau in XX century. Almaty, Kazakh State 
University, 252 p. (in Russian).

157. Vilesov E.N., Morozova V. 2004. Glacia­
tion reduction and change of glacial runoff in 
Usek river basin in Dzhunghar Alatau / /  Hydro­

meteorology and ecology, № 3, 2004, p. 89-95. 
(in Russian).

158. Vilesov E.N., Morozova V. 2005. Degra­
dation of glaciation of Southern Dzhungharia in 
second half of XX centuries / /  MGI. №98. M. 
2005. p. 201-206. (in Russian).

159. Vinnikov K. Ya. 1986. Sensitivity of cli­
mate. Leningrad, Hydrometeoizdat, 1986, 60 pp. 
(in Russian).

160. Voronina L.A. 1997. Influence of change 
of climate on productivity of winter wheat in 
Kazakhstan / /  Hydrometeorology and ecology. 
1997. # 3, 73-78 pp. (in Russian).

161. Water for People, Water for Life. The 
United Nations World Water Development 
Report. 2003. 576 p.

162. Water Resources in new Millennium. 
Issue. Almaty, UNDP-Kazakhstan, 2004. 131 p.

163. (http://www.undp.org/energyandenvi- 
ronment): (h ttp ://w w w .undp.org /drv lands/): 
(http://ppput.undp.org/);

164. (http://www.unicef.org/wes/); (h ttp:// 
www.childinfo. org/eddb/water.htm); (h ttp ://  
www.childinfo.org/eddb/health.htm)

165. ( http://www.giwa.net/)
166. (http://www.gemswater.org/)
167. (http://www.fao/landandwater/aglw/); 

(http://www.fao.org/landwater/)
168. (http://www.fao.org/ag/agl/watershed/ 

watershed/en/mainen/index.stm)
169. (http://www/worldbank.org/water)
170. (http://www.worldbank.org/html/fpd/ 

water/)
171. (h ttp :/ /w w w .unesco .o rg /w ater/ ihp / 

index, shtml)
172. (http://www.unesco.org/mab/)
173. ( h t t p : / / w w w .w h o . i n t /  

water sanitation health/en/)
174. (h t tp : / /w w w .w m o .c h /w e b /h o m s /  

index.html)
175. ( http://www.unhabitat.org/mediacen- 

tre/documents/wwf 18.pdf)

67

http://www.undp.org/energyandenvi-
http://www.undp.org/drvlands/
http://ppput.undp.org/
http://www.unicef.org/wes/
http://www.childinfo
http://www.childinfo.org/eddb/health.htm
http://www.giwa.net/
http://www.gemswater.org/
http://www.fao/landandwater/aglw/
http://www.fao.org/landwater/
http://www.fao.org/ag/agl/watershed/
http://www/worldbank.org/water
http://www.worldbank.org/html/fpd/
http://www.unesco.org/water/ihp/
http://www.unesco.org/mab/
http://www.who.int/
http://www.wmo.ch/web/homs/
http://www.unhabitat.org/mediacen-


CONTENTS

INTRODUCTION................................................................................................................................................................................ 3
( I. Severskiy)

1. Problem s o f w ater and w ater sa fe ty ........................................................................................................................................ 6
( I. Severskiy)

2. T he estim ation  o f con tem porary  clim ate  changes........................................................................................................ 13
( I. Severskiy, S. Severskiy, L. Shagarova)

3. D ynam ics o f g laciation ............................................................................................................................................................. IB
(I . Severskiy, T. Tokmagambetov, I. Shesterova, A. Kokarev)
3.1. D egradation o f  Zailiyskiy A latau  g laciation .............................................................................................................18
3.2. D egradation  o f  g laciation  o f  the S ou thern  D zhungharia  m o u n ta in s ..............................................................20
3.3. Regim e and m ass balance o f  T uyuksu  g lacier......................................................................................................... 23
3.4. T uyuksu  glacier: C om parative survey resu lts from  1958 and 1998.................................................................. 27
3.5. D ynam ics o f g laciation  o f  S ou th -E astern  K azakhstan m ou n ta in s .................................................................29

3.5.1. V ariations o f glacier resources........................................................................................................................38
3.5.2. Ice resources o f  C hinese section  o f the Ili river basin .............................................................................40

3.5.2.1. C alcu lation  change o f g laciation area by the year 2000...........................................................42
3.5.2.2. C alcu la tion  o f  th e  volum es o f  the  glaciers in the  basin ...........................................................44
3.5.2.3 C alcu la tion  o f changes o f  the  glaciers volum e by the year 2000..........................................44

3.6. Possibilities to predict g laciation developm ent in the com ing decades...........................................................45
( I. Severskiy)

3.7. Perspectives o f  w ater resource changes due to degradation of g laciation ..................................................... 51
( I. Severskiy, A . Kokarev)

CONCLUSION .................................................................................................................................................................................. 57
( I. Severskiy)

Literature. ,60

Scientific edition

1. V. Severskiy, A. L. Kokarev, S. I. Severskiy,
T. G. Tokmagambetov, L. B. Shagarova, I. N. Shesterova

Contemporary 
and prognostic 

changes of glaciation 
in Balkhash Lake basin




