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The results of instrumental observations of Maly Aktru glacier (Central Altai, North-Chuisky Ridge) 
during 1952–2013 have been presented. The changes in the glacier terminus, ice volume, area, and retreat during 
the observation period have been estimated based on the materials of the previous years (topographic maps, 
observation of balance components and retreat of glacier terminus) and field studies in 2011–2013. The terminus 
reduction and the change in glacier volume occurred with varying intensity. In the periods of 1952–1961 and 
1983–1990 the glacier volume increased on the background of the glacier terminus contraction. The rate of 
volume change correlates well with average summer temperature in the Altai glaciated area. Over the last 20 years, 
the rate of the glacier degradation has increased significantly, in particular, the rate of terminus reduction has 
grown by more than 3.5 times and its area shrunk by 12 %, which may have been a result of a sharp rise in 
temperature. According to the Karaturek weather station, the mean summer temperature has increased by more 
than one degree over the last 20 years, as compared to the previous period.
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INTRODUCTION

Glaciers fluctuations monitoring appears the 
easiest when its terminus is measured from a fixed po-
sition relative to the permanent benchmark. Howev-
er, in addition to changes in ice balance, the rates of 
glacier terminus retreat largely affect the glacier re-
sponse to climate, which may take several decades 
[Haeberli and Hoelzle, 1997; Galakhov et al., 2005]. 
Because of this changes in glaciers mass balance or ice 
volume is the most objective and informative indica-
tor of glacier dynamics [Hagedorn, 2004], which can 
be determined by annual observations of glacier ice 
mass balance or changes in the extent and elevation 
of the surface obtained from the superimposed large-
scale topographic maps of the glacier, generated in 
different years. Based on the instrumental observa-
tions of the Aktru catchment the fluctuations of Maly 
Aktru glacier terminus and changes in its volume 
were investigated, and the relationship of these pro-
cesses with the mean summer temperature variations 
in the Altai glacial area was analyzed.

OBJECT OF STUDY

The mountain-glacier Aktru basin is located in 
the eastern Bish-Iirdu massif on the northern slope of 
the North-Chuya ridge within the Altai mountain 
glaciated area (Fig. 1). The basin comprises altogeth-

er seven glaciers with major areal extent lying in the 
3,400–3,200 m high altitudes interval. According to 
the long-term observations data from the Aktru 
weather station (WS), the average temperature in 
the basin is –5.2 °C, the average annual precipitation 
is estimated at about 1,000 mm, of which 75 % falls 
during the warm period [Galakhov et al., 1987]. Maly 
Aktru is a valley glacier situated in the southern part 
of the basin. The present-day area of the glacier basin 
is about 2.5 km2, with its gathering zone lying at an 
altitude of 3,200–3,100 m, and the terminus descend-
ing down to 2,340 m a.s.l.

ORIGINAL MATERIALS
AND RESEARCH METHODS

Observations of the glacier terminus behavior. 
The onset of history of the glaciers termini observa-
tions in the Altai high mountainous area is largely as-
sociated with the name of V.V. Sapozhnikov. At the 
end of 19th–early 20th centuries he recorded the posi-
tion of the largest glaciers, including Maly Aktru 
Glacier (1911). The longest series of observations of 
the Maly Aktru glacier terminus has been presented 
and analyzed in the monograph by Galakhov and 
Mukhametov [1999]. In 1998, topographic surveys of 
the glacier terminus line were performed by A.G. Red-
kin, with the results published in [Galakhov et al., 
2005, p. 120]. The surveys were repeated in 2001 and 
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2004 by A.N. Nazarov [Galakhov et al., 2005, p. 121–
122]. In both cases, the Malaya Aktru Rv. estuary 
served as a reference elevation. In 2011–2013, the re-
searchers from the Institute for Water and Environ-
mental Problems and the Institute of Human Ecology 
SB RAS carried out the field works in the Aktru gla-
ciers basin, which included topographical survey of 
the boundary of Maly Aktru glacier and geodetic sur-
vey based on a non-changing reference (benchmark) 
at the Aktru weather station (AWS) observation site 
and geodetic mark at an elevation of 1,784.3 m, lo-
cated about 10 km NE of the AWS. In addition, hori-
zontal and vertical binding was carried out for the 
Malaya Aktru river estuary, using the benchmark un-
der the terminus of Maly Aktru glacier (from which 
the topographical survey was conducted in 1998, 
2001, 2004) and temporal reference under Levy Ak-
tru glacier terminus, to assess its recession.

 The single frequency (L1) Leica SR20 Geodetic 
System was applied to conduct the surveys tied to the 
reference points of the Baltic height system. The mea-
surement results processing was done using Geo-
Office GPS software, which allows further data ex-
port to GIS and CAD systems. All the subsequent 
calculations were carried out in ArcGis.

All the available data from the observations of 
the glacier terminus retreat are provided in Table 1. 

Observations of the change in glacier ice vol-
ume. The assessment is heavily based on the mate rials 

of instrumental observations of glaciers in the Aktru 
basin during the International Hydrological Decade 
(IHD, 1966–1975), followed by the implementation 
of IHP – International Hydrological Programme 
(IHP) and the Permanent Service on Fluctuations of 
Glaciers (PSFG).

Topographic mapping of glaciers surface. The old-
est small-scale maps (1:25 000) for the Aktru basin 
are dated 1961. They had been generated on the basis 
of the topographic aerial photography done since 
1952. In 1978, R.M. Mukhametov with a research 
team from Moscow State University performed pho-
tomapping (photo theodolite survey) for Maly Aktru 
glacier. The materials of the survey were processed at 
Moscow State University under the guidance of 
Yu.F. Knizhnikov. The aerial photographs and photo-
mapping techniques allowed R.M. Mukhametov con-
structing a map of surface changes in Maly Aktru and 
Kupol (Dome) glaciers in the period from 1952 to 
1978 [Galakhov and Mukhametov, 1999].

The 1978 map of Maly Aktru glacier surface is 
included into the World Atlas of Snow and Ice Re-
sources. The phototheodolite surveys were  repeated 
for Maly Aktru and Kupol glaciers by R.M. Mukhame-
tov in 1983 [Kotlyakov, 1997] and in 1990. The results 
of the latter were published after his death as an an-
nex to the monograph [Galakhov et al., 2005].

All available cartographic materials have been 
georeferenced and projected, and subsequent calcula-

Fig. 1. Location of the object of study.
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tions performed in ArcGis using 3D modules and 
Spatial Analyst.

GPR survey of the glacier. Estimation of Maly 
Aktru glacier ice volume was previously conducted 
by S.A. Nikitin [Galakhov et al., 1987; Nikitin et al., 
1997] using GPR radar sounding technique. First 
works were carried out during the MHD [Galakhov 
et al., 1987].

The GPR equipment was much less efficient at 
that time and not adapted for penetrating areas with 
complex geology; the accuracy of thickness measure-
ments at the sounding point was ±5 m. Given that 
later the portable equipment was developed and mea-
surement errors reduced in determining glaciers ice 
thicknesses, the Aktru basin glaciers areas were re-
peatedly surveyed with the topographic referencing 
of GPR-profiles and with higher density coverage 
GPR survey [Nikitin et al., 1997]. The resulting mate-
rials are presented in Table 2.

Mass balance observations. Along with the mate-
rials from topographic and radar surveys of Maly Ak-
tru glacier surface, the data from continuous annual 
mass balance monitoring during the MHD period 
[Galakhov et al., 1987] and some for the IHP period 
(1981–1986) [Galakhov, 2001] are also available. The 
data on the Maly Aktru glacier mass balance for the 
period of 1962–1999 were also published by Narozhny 
[2001]. A comparison of the mass balance values esti-
mated by V.P. Galakhov and Yu.K. Narozhny proved 
the data to be totally identical.

The observations of glacier mass balance have 
been non-systematic since the mid-1990-s. However, 
the data on the glacier mass balance for Maly Aktru, 
Vodopadny and Levy Aktru glaciers for 1988–2009 
were published in the “Glacier Mass Balance Bulle-
tin”. This information and the data on glacier mass 
balance for 2012 are presented on the website: World 
glacier monitoring service [2014]. The data for 2010–
2011 are not available.

DISCUSSIONS

Fluctuations of Maly Aktru glacier terminus. 
In order to assess the recession dynamics of the gla-
cier terminus during different periods of time, the ob-
servation results are summarized in Table 3. The ma-
terials of the previous studies (topographic surveys in 
1961, 1998, 2001, 2004) and air survey conducted in 
2013 allowed to construct a schematic map of chang-
es in Maly Aktru glacier terminal position over the 
past 50 years (Fig. 2).

Changes in Maly Aktru glacier ice volume. Pri-
or to discussing the results, the issue of converting 
the changes in Maly Aktru glacier volume to result-
ing mass change should be considered. Glacial coeffi-
cient (firn basin area to terminus area ratio) for Maly 
Aktru glacier averaged at 1.5 until 1996. The changes 
in organic matter volume in the glacier over the ob-

Table  1. Reduction in Maly Arktu
 glacier terminus area (1961–2013)
 (according to [Galakhov and Mukhametov, 1999],
 with updatable data for 1991–2013)

Period Reduction 
for period, m 

Reduction 
for a year, m Researcher

1961–1962 8.0 8.0 I.Ya. Oleinik 
1962–1963 4.1 4.1 Idem
1963–1964 5.0 5.0 »
1964–1965 4.0 4.0 »
1965–1966 +3.2 +3.2 »
1966–1967 1.2 1.2 »
1967–1968 2.5 2.5 »
1968–1969 1.1 1.1 »
1969–1970 3.0 3.0 »
1970–1971 7.0 7.0 »
1971–1972 2.0 2.0 »
1972–1973 3.0 3.0 »
1973–1974 8.5 8.5 »
1974–1975 5.0 5.0 M.A. Dushkin 
1975–1976 1.0 1.0 Idem 
1976–1977 3.6 3.6 R.M. Mukhametov 
1977–1978 10.5 10.5 Idem 
1978–1979 +1.0 +1.0 V.I. Shurov 
1979–1980 1.0 1.0 R.M. Mukhametov 
1980–1981 2.0 2.0 V.I. Shurov 
1981–1982 6.0 6.0 Idem 
1982–1983 8.5 8.5 »
1983–1984 5.2 5.2 »
1984–1985 6.3 6.3 »
1985–1986 8.0 8.0 R.M. Mukhametov 
1986–1987 11.3 11.3 Idem 
1987–1988 5.2 5.2 »
1988–1989 3.6 3.6 »
1989–1995 37.5 7.5 »
Total
(1961–1995)

159.9 4.7

1991–1998 73.6 10.5 A.G. Red’kin 
1998–2001 52.6 17.5 A.N. Nazarov 
2001–2004 121.0 40.3 Idem 
2004–2012 118.8 14.9 R.T. Sheremetov, 

A.A. Kolomiytsev 
А.А. Shevchenko 

2012–2013 13.0 13.0 R.T. Sheremetov, 
A.A. Kolomiytsev 
А.А. Shevchenko 

Total
(1991–2013)

379.0 17.2

Table 2. Data from GPR surveys
 of Maly Arktu glacier

GPR survey period Glacier area, km2 Glacier volume, km3

1979–1982 2.85 0.264
1995–1996 2.84 0.245
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servation periods are mostly attributed to the glacier 
terminus (measured density of glacier ice: 0.9 g/cm3). 
At the end of the ablation period, seasonal snow den-
sity in the firn basin can be taken as equal to 0.45–
0.50 g/cm3 ( derived from the measurements) [Gal-
akhov et al., 1987]. In addition to the seasonal snow, 
the variation in height of the glacier surface may 
be due to the ongoing compaction of the firn and its 
gradual transition into the new ice (density: 
0.7 g/cm3) and the firn melting during the years with 
glacier’s negative mass balance. In order to convert 
the values of Maly Aktru glacier ice volume changes 
into mass balance change, a factor of 0.8 was applied 
(on average, i.e. with the following parameters taken 
into account: terminus extent and area of firn basin, 
melting of firn, which density is known to be mark-
edly higher than that of seasonal snow [Galakhov et 
al., 1987]). The materials of instrumental observa-
tions made it possible to identify the periods of topo-
graphical surveys (published maps) and estimate va-
riations in organic matter content in the ice of Maly 
Aktru glacier over these periods (Table 3).

With all the available materials, we have at-
tempted to determine the rate of changes in Maly Ak-
tru glacier mass balance in the Altai glaciated area, 
depending on the mean summer temperature (June–
August). The Aktru weather station (WS) is the 
nearest (2,150 m) to the glacier. Unfortunately, the 
observations were relatively short-termed and had an 
irregular pattern: the year-round observations from 
1957 to 1960 were succeeded by the 1960–1968 pe-
riod (seasonal observations, yearly, by the TSU labo-
ratory for glacio-climatology). Given that in 1972–

1994 the Aktru WS was subordinated to the Russian 
Rosgidromet system (Agency on Hyd rometeorology 
and Environmental Monitoring), we used data from 

Table 3.  Dynamics of Maly Arktu glacier volume for
 the period of 1952–1990, based on topographic
 survey data

Period
Changes 
in glacier 

thickness, m 

 Changes in 
glacier vo-
lume, km3

Source 

1952–1978 +3.2 +0.009 [Galakhov and 
Mukhametov, 1999]

1978–1983 –0.5 –0.0015 [Arefiev and 
Mukhametov, 1996]

1978–1990 +0.9 +0.0026 Survey by R.M. Mu-
khametov, 1990 

Ta b l e  4. Change of Maly Arktu glacier mass balance rate for the period of instrumental observations 

Observation period Mean annual temperature from the 
KWS, °С

Rate of glacier mass balance change, 
mm water equ/ yr  Materials

1952–1978 5.5 +99 Topographic survey
1978–1983 5.9 –142 Mass-balance observations 
1978–1983 5.9 –85 Topographic survey
1973–1986 5.7 –13 Mass-balance observations
1978–1990 5.5 +79 Mass-balance observations
1978–1990 5.5 +60 Topographic survey
1990–1996 5.9 –94 Mass-balance observations

Fig. 2. Position of Maly Aktru glacier for specified 
years, relative to the valley’s primary benchmarks 
(according to [Galakhov et al., 2005], and updated 
in 2013).
Benchmarks: 1 – laid down by forerunners; 2 – laid down by 
authors during topographic works in 2013. 
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the Karaturek WS (northern slope of the Katun 
ridge, altitude: 2,605 m a.s.l., observation period: from 
1939 to the present). The distance from the KWS to 
the object of study is about 95 km; the value of cor-
relation coefficient of summer months temperatures 
from the Karaturek WS and Aktru WS was close to 1. 
The rates of Maly Aktru glacier mass balance change 
in the periods between the topographical surveys are 
given in Table 4.

The data on Maly Aktru glacier surface change 
for 1952–1990 and the results of the calculations of 
glacier mass balance parameters made by Galakhov 
allowed us to estimate the thermal regime influences 
on the rate of Maly Aktru glacier mass balance chan-
ge. Fig. 3 represents a diagram illustrating the rela-
tion of the mean summer temperature (x-axis) with 

rates of Maly Aktru glacier mass balance changes 
(y-axis). The relation is statistically significant (cor-
relation coefficient R 2 = 0.947 ≈ 1).

 The materials of observations of both surface pa-
rameters and mass balance of Maly Aktru glacier thus 
made it possible to estimate the change in glacier’s 
thickness and extent over the period of 1952–1990 
(Fig. 4). Judging by the rates of glacier mass balance 
changes and the mean summer temperature variations 
over the last 20 years the thickness of Maly Aktru 
glacier should have shrunk by at least 10 m.

The analysis of the data on Maly Aktru glacier 
mass balance for 1990–2009 published in “Glasier 
Mass Balance Bulletin” and discussed in the mono-
graph [Galakhov and Mukhametov, 1999], allowed to 
infer that during the period spanning from 1990 to 
2012, the balance had reduced by 5,120 mm of water 
equivalent (which corresponds to the loss of organic 
matter layer with thickness of about 6.5 m). The data 
for the biannual period of 2010–2011 are not avail-
able in the Bulletin, and, therefore, the glacier mass 
balance dynamics failed to be analyzed. The inconsis-
tency being essential, it requires the materials verifi-
cation supported by independent data.

Because of a great steepness of the Maly Aktru 
glacier slope surface with numerous cracks and rock-
slides, it is impossible to conduct a topographic sur-
vey of its present-day surface. That is why, prior to 
the creation of DTM (digital terrain model) for the 
glacier surface its stereoscopic survey was done with 
WorldView-1 satellite in September 2013. Currently, 
the data obtained are being processed. The measure-
ments evidenced that the glacier ice volumes were 
identical in 1961 and 1990 (Fig. 4), the comparison of 

Fig. 3. Rate of change of Maly Aktru glacier mass 
balance versus mean summer temperature based on 
the Karatyurek weather station (KWS) data.

Fig. 4. Dynamics of mean summer temperature (from the KWS data) and volume of Maly Aktru glacier.
1 – mean summer temperature; 2 – moving average temperature for a five-year period; 3 – glacier volume.
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DTM built using the data resulted from the process-
ing of the photographic stereo pairs and the topo-
graphic map 1961, will give greater confidence in es-
timation of changes in the glacier ice volume for the 
past 23 years.

CONCLUSIONS

The materials of the experimental observations 
of Maly Aktru glacier have prompted the following 
conclusions.

1. From 1961 (the year of  construction of topo-
graphic map 1:25 000) to 1995 the glacier retreated 
by 160 boundary meters. Despite the terminus re-
treat, the glacier ice volume have increased by nearly 
4 %, and glaciers average thickness grown by 3.5 m 
(in 1952–1996).

2. From 1991 to 2013, Maly Aktru glacier re-
treated by 379 m. Thus, compared to the previous pe-
riod the recession intensity increased by greater than 
a factor of 3.5 amounting to 4.7 m/year for the period 
of 1961–1995 and to 17.2 m/year in 1991–2013. The 
glacier area decreased essentially, i. e. from 2.85 to 
2.5 km2 (12 %).

3. The data from the Karaturek WS are evidence 
of rise of the mean summer temperature by about one 
degree for the past two decades as compared to the 
previous period. For instance, the mean summer tem-
perature from the Karaturek WS was 6.67 °C in 
1993–2012. This may have been the main reason for a 
sharp increase in rates of both the glacier and its ter-
minus area shrinking in the last decade.

The study was supported by RFBR (projects 13-
05-00002, 12-05-31439).

References

Arefiev, V.E., Mukhametov, R.M., 1996. On the Altai and Saya-
ny Glaiers. Izd-vo Komiteta Alt. kr. po obr., Barnaul, 176 pp. 
(in Russian)

Galakhov, V.P., 2001. Simulation Modeling as a Method for 
Glaciological reconstruction of Mountainous Glaciated 
Areas. Nauka, Novosibirsk, 136 pp. (in Russian)

Galakhov, V.P., Narozhnev, Yu.K., Nikitin, S.A., et al., 1987. The 
Aktru Glaciers (Altai). Gidrometeoizdat, Leningrad, 119 pp. 
(in Russian)

Galakhov, V.P., Mukhametov, R.M., 1999. The Glaciers of the 
Altai Mts. Nauka, Novosibirsk, 136 pp. (in Russian)

Galakhov, V.P., Nazarov, A.N., Kharlamova, N.F., 2005. Glaciers 
fluctuations and climate change in the Late Holocene based 
on the materials from the study of glaciers and glacial depos-
its of the Aktru basin (Central Altai, North-Chuysky ridge). 
Izd-vo AltGU, Barnaul, 132 pp. (in Russian)

Haeberli, V., Hoelzle, M., 1997. The experience use of cadastral 
data for estimation of basic glaciological characteristics and 
effects of regional climate changes on mountain glaciers (by 
the example of the Alps). Materialy Glatsiol. Issled. Issue 82, 
116–124. 

Hagedorn H., 2004. Eiszeit, Klimaanderung und Menschenheit. 
Akademia Aktuel, Dezember 2004, No. 02, S. 8–13.

Kotlyakov, V.M., 1997. World Atlas of Snow and Ice Resources. 
In-t Geografii RAN, Moscow, 392 pp. (in Russian)

Narozhny, Yu.K., 2001. Resource estimation and tendency in 
glaciers change in the Aktru basin (Altai) for the last 
150 years. Materialy Glatsiol. Issled. Issue 90, 117–125.

Nikitin, S.A., Vesnin, A.V., Osipov, A.V., Iglovskaya, N.V., 1997. 
Radiophysical studies of Altai glaciers. Voprosy geografii 
Sibiri. Izd-vo Tom. Un-ta, Tomsk, No. 22, 120–128.

World glacier monitoring service. URL: http://www.wgms.ch/ 
(submittal data: 16.07.2014).

Received May 19, 2014 


