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Modern and Little Ice Age glaciers in "huIllid" and "arid" 
areas of the Tien Shan, Central Asia: two different 

patterns of fluctuation 
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ABSTRACT. Patterns of retreat from m aximum Little Ice Age (LIA) to present limits 
are studied at 20 glaciers in the relatively humid northwestern front ranges and a rid inner 
areas of the Tien Shan, Central Asia. The depression of equilibrium-line altitudes has been 
calculated using several approaches. Data on changes of elevation ranges, glacier length 
and area are used to compare the patterns of glacier flu ctuation. It is found th at the la rge 
LIA glaciers in the warm and humid northwestern frontal ranges were 1.5- 1.9 times large r 
in a rea than the modern glaciers; and the LIA glaciers in cold and a rid inner pa rts of the 
Tien Shan were only 1.03- \.07 times la rger. The changes in terminus-to-headwall elev
ation ranges are about 1.3- 1.6 and 1.02- 1.10, respectively. The largest LIA glaciers were 
1.4- 1.9 times longer than modern glaciers in "humid" ranges and only 1.02- 1.12 times long
er in "arid" areas. The maximum equilibrium-line depressions are approxim ately 100-
200 m in "humid" a reas and 20- 50 m in "arid" a reas. These results suggest that the glaciers 
in the "humid" a reas a re likely to be more vari able than those in "arid" areas. The differ
ences may be explained either by differences in the sensitivity of glaciers to climate cha nge 
or by va ri ability of climate signals from one a rea to another. 

INTRODUCTION 

The Tien Shan, a mountain system of subparallel ranges 
running mainly east- west, is located to the north of the 
Tibetan Plateau. The area of glaciation in the Tien Shan is 
15416 km2

, and the number of glaciers la rger than 0.1 km 2 is 
15 953 (Ku zmichenok, 1993). Due to the influence of Atlantic 
cyclones, the climate of the northwestern periphery of the 
Tien Shan is warmer and much more humid than that of 
the inner a reas. The differences in climate and topography 
provide different conditions for glacia tion in the m arginal 
and inner parts of the Tien Shan. At present, the area of an 
average glacier in the western and northern Tien Shan is 
0.47- 0.87 km 2

, and 0.75- 1.73 km 2 in the central and inner 
Tien Shan (Kuzmichenok, 1993), but the size fluctuated 
throughout the Little Ice Age (LIA), the las t m ajor episode 
of the late-Holocene glacier advances that occurred in the 
current millennium (Porter, 1986). 

The LIA glacier fluctuations have been studied and 
documented by a number of authors (Serebryanyy and 
others, 1988; ChenJi-yang, 1989; Solomina, 1990; Kotlyakov 
and others, 1991; Serebryanyy, 1992). Recently, Savoskul and 
Solomina (1996) published a paper in which the late-Holo
cene glacier positions of 23 glaciers in the northwestern 
ma rginal ranges and inner parts of the Tien Shan were 
m apped in detail and da ted by lichenometry and the 14 C 

method. According to these data, the most prominent LIA 
advances occurred about 500- 600, 250- 300 and 150-

200 years ago. 
Savoskul and Solomina (1996) provide evidence that the 

pattern of glacial variations shows considerable differences 
between the marginal and inner ranges: at the time of the 
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maximum advances of the Little Ice Age, equilibrium-line 
a ltitudes (ELAs) as calculated by the method of median 
elevation of glaciers were 50- 200 m lower than today in the 
northwestern ranges and only 20- 40 m lower in the inner 
a reas. They explained the different variability of glaciers 
by regional changes in precipitation: during the late H olo
cene it seems to have become more humid in the northwes
tern periphery, compared to the mid-Holocene and present, 
while the climate in the inner a reas grew dri er. 

In this paper, we use severa l approaches to calculate the 
ELA, and introduce some other criteria to compare the pat
terns of LIA-to-present glacier flu ctuations in the relatively 
humid frontal and a rid inner ranges ofthe Tien Shan. Alto
gether 20 glaciers are considered; 19 glaciers were consid
ered by Savoskul and Solomina (1996) and one was dated 
and mapped subsequently (Savoskul, in press). 

STUDY AREA 

Formed during the Alpine orogeny, theTien Shan m ountain 
system includes a number of subpa rallel ranges mainly r un
ning east- west between 70- 85° E and 40- 44° N (Fig. I). 
These could be divided into western, northern, central, in
ner (or southern) and eastern (Chinese) Tien Shan. The 
va lley topography and climate of the northwestern front al 
a reas differ considerably from those in the inner part of the 
Tien Shan. The valleys in the marginal ranges of the north
ern and western Tien Shan a re steep and narrow. The inner 
Tien Shan is an uplifted peneplain with gently sloping, wide 
valleys. The central Tien Shan, which experienced the high
est uplift, is characterized by significant erosion, deep, wide 
valleys a nd the highest altitudes (Peak Pobedy 7439 m, 
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Savoskul: Glacier fluctuation patterns in the Tien Shan 

Fig. 1. Orographical scheme qf the Tien Shan. Western Tien Shan: Talasskiy, Ugamskiy, Pskemskiy, Chatkalskiy, Ferganskiy 
ranges; northern Tien Shan: Kirgizskiy, Zailiyskiy, Kungry Alatau and northern slope qfTerskry Alatau ranges; central Tien 
Shan: Khan-Tengry massif and the parts qfTerskry Alatau and Kokshaal Too ranges east qf78° E; inner Tien Shan: area north
east if Ferganskiy range, north if Kokshaal Too range and south ifTerskey Alatau range. Numbers show locations if studied sites. 

Khan-Tengry 6995 m ), while elsewhere in the mountains 
few summits rise above 5 km. The western and northern 
Tien Shan has a warmer, more humid climate than do the 
mner areas. 

STUDY SITES 

Nine sites were selected in the western, northern, inner and 
central Tien Shan in order to allow a comparison of glacial 
behavior in the most humid and the most arid areas of the 
Tien Shan (Fig. I). The local climate of the sites is character
ized by the values of mean annual temperature and precipi
tation from the nearest meteorological stations (Table I). 
Glaciers at sites 1-3 are located in the western Tien Shan in 
the Ugamskiy, Pskemskiy and Maidantalskiy ranges. 
Because of their western most position they receive the 
largest amount of precipitation within the entire Tien Shan, 
up to 1500 mm year- I. Sites 4- 6 are located on the northern 
slope of the Kirgizskiy range, northern Tien Shan, where 
annual precipitation is 600- 800 mm year 1 Sites 7 and 8, 
central Tien Shan, on the southern slope of the Terskey 
Alatau range and the Khan-Tengry massif, are protected 
by frontal ranges from the penetration of humid air masses, 
as is site 9 in the Ak-Shiyrak massif, inner Tien Shan, and 
their average annual precipitation varies from 310 to 
430 mm year- I. Estimated mean annual temperature at an 

Table 1. Selected datafrom meteorological stations 

MS 

Pskem 
Oigaing 
Ala-Archa 
Tien Shan 
Kuilu 
Saryjas 
Daxigou' 

Aft 

ma.s.l. 

1400 
2200 
2945 
3614 
2800 
1956 
3588 

Lat 

N 

41 °49' 
42°05' 
42°29' 
41"55' 
42°12' 
42°55' 
43°07' 

Long 

E 

70°28' 
W10' 
W28' 
78°14' 
79°01 ' 
79°36' 
86°50' 

average elevation of lower glacier limits varies from about 
- 3° to - 8°C from the west (sites 1- 6) to the east (sites 7-9). 
Most of the precipitation in the western Tien Shan falls in 
winter, while elsewhere it falls in summer. 

The glaciers under study, taken as representative for 
their surroundings, are of various sizes and types (Table 2). 
Barkrak Sredniy glacier and Turpakbel Nizhniy glacier are 
under international environmental monitoring (Haeberli 
and Hoelzle, 1993). Recent stud ies in the inner and central 
Tien Shan show that the four glaciers selected here are re
presentative for the area (Serebryanyy and others, 1988; 
Solomina, 1990; Kotlyakov and others, 1991). The maximum 
extent of the LIA glaciers has been reconstructed from 
terminal moraines and rock glaciers, dated by lichenometry 
and the 14C method (Savoskul and Solomina, 1996; 
Savoskul, in press ). 

CRITERIA USED TO COMPARE PATTERNS OF 
GLACIER RETREAT 

The first criterion used to illustrate changes in glaciation is 
the depression of the equilibrium-line altitude (dELA). The 
difference between past and present ELAs is one of the most 
common indices traditionally used to characterize glacier 
fluctuations (Finsterwalder, 1953; Flint, 1971; Porter, 1975; 
Matthews, 1976; Oerlemans, 1989). There exist a number of 

AP 

mm 

833.7 
779.5 

713 
310 
312 
405 
430 

AT 

°C 

+9.2 
+2.2 
- 0.7 
- 7.8 
- 2.2 
+2.3 
- 5.4 

1'0 

1937- 93 
1989-93 
1960- 73 
1930-87 
1961 - 87 
1940-87 

MS, meteorological station; Alt, altitude; Lat, latitude; Long, longitude; AI', annual precipitation; AT, annual temperature; YO, years of observation . 
• According to ChenJi-yang (1989). 
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Table 2. Glacier characteristics 

v 

14 

14-
14 
14 
14-

14 

14 

14 

14-
14-
14-
14-

14 
14 

14 

14 
14 
14 

14· 

14 

I 

I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
I 

p 

I 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

8 

5 

No 

54 

55 
196 
116 

238 

239 

24-0 

241 

242 
243 
2H 
245 

255- 256 

310 

31 1 312 

316 
317 319 

321 
H 

368 

Name 

Barkrak Sredniy 

Ba rkrak Praviy 
Turpakbel Niz hniy 

Tckcsh 

Aksay 

Chokoltor 

Kolpa kovs ki y 

Semenov 

Pc lrov 

Asp 

W 
S 
E 
SE 
SE 
NE 
E 
E 
NE 
N 
NW 

W 
SW 
N 
N 
N 
S 
S 
W 
NW 

?jpe 

VCo 

CqV 
NCq 
CqV 

Cq 

HV 

Cq 

Cq 
V 
V 
V 
V 

VCo 

V 
VCo 

Cq 
VCo 
V 
G,V 

CrY 

A 

2.4 

1.4 
1.5 
1.6 
0.1 

0.8 

0.1 

1.9 

0.9 
1.4 
2.4 

1.1 

8.5 

0.2 

7.3 
0.1 

19.6 
12.7 
34.2 
69.8 

L 

km 

2.8 

2.0 
1.6 
3.2 
0.6 

1.2 

0.5 

1.8 

1.8 
2.3 
2.5 

1.9 

6.4 

0.8 

35 
0.8 

10.0 
6.1 

18.+ 

11.3 

UL LL LL ( A) LIA LL 

m a.s. 1. m a.s. 1. m a .s. 1. m a.s. 1. 

4·100 

4200 
3650 
4 100 
4100 

4080 

3950 

4090 

4080 
4080 
4200 

4240 

4870 

4100 

4600 

3900 
4750 
4·720 
5820 

4900 

354-0 

3550 
3200 
3050 
3680 

3480 

3600 

3520 

3380 
3440 
3440 
34-40 

3220 

3800 

3750 

3720 
3660 
3980 
3460 

3730 

3260 
3130 
3680 

3530 

3600 

354-0 

3380 
34-40 
3440 

3440 

3320 

3800 

3750 

3720 
3fl50 
3460 

3730 

3180 

3330 
3000 
3000 
3470 

3470 

34-50 

3450 

3250 
3250 
3250 
3250 

3000 

3720 

3350 

3630 
3600 
3760 
3420 

3700 

D ata g ive n accordin g to Vinogradov (1976): V, volume; I, iss ue; P, part; No, l1U1nbcr of g lacier; Asp, aspect; N, north; E, east; S, south; \J\l, west; Type: N, niche, 
Cq, c irquc, V, va ll ey, NCq, nichc cirquc,CqV, ci rquc va lley, HV, hanging vall ey, VCo, twO coalcscing vall cy glac icrs, GrV, morc than twO coalesc ing vall ey 
g laciers; A, area; L, leng th; U L, upper limit; LL, lower limit. D ata given by a uthors: LL(A ), lower g lacier limi t measured by altimeter; LIA LL, Little Ice 
Age lower limit. 

different approaches to the calculation of dELA (Briickner, 
1887; Richter, 1888; Kurowski, 1896; Finsterwalder, 1953; 
M eier and Post, 1962; Andrews, 1975; Porter, 1975; M cierding, 
1982; Sutherland, 1984; Hawkins, 1985; Kuhl e, 1988; Murray 
and Locke, 1989; Nesje, 1992; Klimaszewski, 1993; Torsnes 
and others, 1993; Seltzel~ 1994; Aa, 1996). Recent reviews 

have shown that the results of ELA calculation vary con
siderably depending on the method used (M eierding, 1982; 
Torsnes and others, 1993; Aa, 1996), so the choice of the most 
appropr iate method for each particular area or glacier 
needs specia l investigation. 

In this paper, dELA is calculated using the following 

Tczble 3. Little Ice Age characteristics 

Site 

2 
3 
4· 

5 
6 

8 
9 

14· 
14 
14· 

14· 

14 
14· 
14· 
14· 
1'1-
14 

14-

14-

14 

14 
1+ 
14 
1+ 
1+ 
14 

1+ 

v J P 

I I 
2 2 

No 

54 
55 

196 

116 

238 
2 2 239 
2 2 2+0 
2 2 2'1·1 
2 2 242 
2 2 243 

2 2 244 
2 2 245 

2 2 255 256 

2 2 310 
2 2 31 1- 312 
2 2 316 
2 7 317 319 
2 7 321 

2 8 44-
5 368 

For abbrevial ions see text. 

Name 

Barkrak Sredniy 
Barkrak Praviy 

Turpakbel Nizhniy 

Tekesh 

A ksay 
C hokoltor 

Kolpakovskiy 

Semenov 

Petrov 

MEG 

m 

180 
110 
130 

65 

105 
100 
75 
~-5 

65 
95 

95 

95 

160 

·fa 
200 

50 
30 
45 

20 

15 

dELA dER 
THAR* AARt !IlALM 

m 

198 216 
121 - 132 
143 156 

55- 60 
11 6- 126 

112 122 
82 90 
+9- 54 
72 78 

160 166 

107 11 4 

107 114-

176 192 

4·4-4-8 

220 240 
48- 52 
33- 36 
48 51 
36- 41 

15 17 

m 

180 ± 35 
100 ± 20 
150 ± 30 

60 ± 15 
100 ± 20 

100 ± 20 
80 ± 20 
50 ± 10 
70 ± 15 

120 ± 25 

100 ± 20 

100 ± 20 

170 ± 35 

50 ± 10 
220 ± 45 
50 ± 10 
20 ± 10 
20 ± 10 
10 ± 10 

10 ± 10 

m 

170 

35 

1.64 
1.3'1-
1.67 

1.25 

1.16 
1.19 
1.19 

1.25 

1.27 

1.63 
1. 27 
1.47 
1.50 
1.06 
1.10 
1.02 

1.03 

• At sites I 6,THAR orO.40- 0.45 is used; at sites 7 and 9 THAR or 0.'1-5 0.50, and at site 8 THAR o (" O.5 0.55 is uscd. 
t AAR orO.67 ± 0.03 (D yurgerov, 1995) is used a t a ll sites. The error margins are obtained using a rithmet ic means. 
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dL 

1.80 
1.35 
1.62 
1.19 

1.39 
1.83 
1.78 
1.76 

1.97 

1.22 

1.75 
1.71 
1.63 
1.02 
1.07 
1.05 

1.12 

dA 

1.63 
1.89 
1.46 

1.18 

Notes 

Glaciers 238- 239 
wcrc coa lescing 

G laciers 240 241 
1.21 were coalescing 
1.56 Glaciers 212- 245 
1.86 we re coalescing 

1.50 

1.73 
1.31 

1.67 
1.32 
1.67 
1.03 
1.0+ 
1.04 

1.07 
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approaches, recently reviewed and evaluated by Nesje 
(1992), Torsnes and others (1993) and Aa (1996): 

(1 ) Median elevation qfglaciers (MEG) (Manley, 1959). 

(2 Toe-to -headwaLL altitude ratio (THAR ) (Meierding, 1982). 
This approach was applied using ratios of 0.4- 0.55. 

(3) AAR (Meier and Post, 1962). This approach was applied 
using topographical maps (1: 100 000, 1968- 72) and an 
AAR of 0.67 ± 0.03 (D yurgerov, \995). 

(4) Maximum elevation qf lateral moraines ( M ELM) (A nd rews, 
1975). T his approach could not be appli ed to each glacier 
because of lack of data for some glaciers. 

Apart from dELA, three other indices are introduced 
here to characterize LIA-to-present changes in glacier 
extent and configuration. These are: 

(5) dER: elevation range of LIA glacier/elevation range of 
modern glacier. 

(6) dL: length ofLlA glacier/length of modern glacier. 

(7) dA: area of LT A glacier/area of modern glacier. 

Note that dER, dL and dA are ratios, not differences, of the 
respective values. 

For a group of glaciers that coalesced during the LIA, 
present altitudinal range is taken from the glacier that occu
pi es the maximal altitudinal range, present length is taken 
from the longest glacier and present area is calculated as the 
sum of a ll glaciers in the group. Topographic maps of 
I: 100 000 scale were used to determi ne the changes in 

0 

0 

0 

0 

0 

0 0 
0 0 

0 
0 

0 0 0 
0 

• • 
• • 

W N E S 

0 

0 
0 0 

0 0 
0 

0 0 

0 

0 
0 

• 
• • • 
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glacier length and area. For sites 5, 7 and 9, aerial photo
graphs were available with an approximate scale of 
I : 25 000. The lower glacier limits and moraine elevations 
were measured by altimeter with an accuracy of ± 10 m. 

R ESULTS 

The results of the calculations summarized in Table 3 show 
that in the western Tien Shan (sites 1- 3) the dELA estimates 
obtained by the MEG approach vary from 65 to 180 m; 
using the THAR gives values from 80- 85 to 2l5- 235 m; 
and the AAR method gives estimates from 80 ± 20 to 
180 ± 35 m. In the northern Tien Shan (sites 4- 6) those 
methods give estimates of 40- 200 m, 50 to 220-240 m and 
50 ± JO to 220 ± 45 111, respective ly. The differences in the 
ELA e timates can be att ributed to differences in glacier 
size, morphology, aspect and valley topog raphy. The dELA 
estimates for the central and inner Tien Shan (sites 7- 9) 
vary within a much smaller range: 15- 45 m (MEG); 15 to 
50 m (T HAR); and 10 ± 10 to 20 ± 10 m (AAR ). 

The calculated values of dER, dL and dA show that in 
the western and northern Tien Shan the elevation ranges, 
length and area of the LIA glaciers were about 20- 100% 
larger than those of modern glaciers, whi le in the central 
and innerTien Shan the fluctuations of those characteristics 
were with in a range of2- 12%. These d ifferences, as well as 
differences in dELA given by all the methods of estimation, 
show that there exist two different patterns of LIA-to
present glacier fluctuations, which can more likely be ex-

2 .0 ~------------------------------------~ 

b 

1.8 

0 0 
0 

1.5 

0 
0 

1.4 
0 

0 0 
0 

0 

1.2 0 0 
0 

• • • • • 1.0 

S W N E S 

2.0 
d 

0 
0 

1.8 
0 

0 0 
0 

1.6 
0 

0 
0 

1.4 

0 0 

1.2 0 
0 

• • • • • 
1.0 

S W N E S 

.c • I 

Fig. 2. Characteristics qf LIA glaciers. H orizontal axis: glacier aspect. Vertical axes: ( a) dELA ( THAR ); (b ) dER; (c) dL; 
( d) dA . I-Y, western Tien Shan; N, northern Tien Shan; C, central Tien Shan; I, inner Tien Shall . 
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plained by regional factors than by any variations in valley 
topography and morphology or other local conditions. 

PAT TERN OF GLACIER FLUCTUATIO NS IN 
"HUMID" AREA OF THE TIEN SHAN 

Before considering the question of the accuracy of determin
ation of dELA, it can be stated that all the methods give a 
wide range of dELA variations for glaciers in the western 
and northern Tien Shan, approximately from 40- 60 to 

180- 240 m. The changes of dER, dL and dA are very large 
as well. The data presented in Table 3 show that here the 
largest glaciers are the most variable; in particular the 
dELA estimation for nearly a ll the glaciers larger than 
I km 2 exceeds 100 m. In Figure 2, where dELA (THAR), 
dER, dL and dA are plotted against glacier aspect, it 
appears that the glaciers exposed more to the north than to 
the south a re likely to be more variable: this was shown, for 
instance, for the Atlantic rock glaciers by Humlum (1988). 
The influence of glacier topography a nd morphology on 
their variability is as follows: the LIA glaciers with big 
accumulation area and narrow tongues of valley type seem 
to have undergone the most drastic changes and a ltered into 
the modern glaciers of valley or cirque type lying at present 
above LIA cirque thresholds (Savoskul and Solomina, 1996); 
the influence of this factor on modern glaciers is discussed in 
deta il by O erlemans (1989). By contrast, LIA glaciers of the 
cirque type have not, as a rule, undergone any considerable 
change in dimensions and, consequently, type. H ence, the 
most variable in the "humid" a reas of the Tien Shan are 
large, north-exposed valley glaciers, which should be con
sidered the most representative for the northwestern periph
ery. The dELA of these glaciers varies roughly from 100 to 

200 m, the range of dER is about 1.30- 1.60, and those of dL 
and dA are abo ut 1.40- 1.90 and 1.50- 1.90, respectively. 

PATTERN OF GLACIER FLUCTUATIO NS IN 
''ARID'' AREAS 

In the central and inner Tien Shan only four large glaciers 
were investigated, so there is no opportunity to consider the 
influence of local factors on the variability of glaciers, but 
the glaciers investigated are typical of this area. The dELA 
of these large glaciers according to all the estimates does not 
exceed 15- 60 rn, which is very low in comparison to the 
glaciers in the frontal ranges. The variations of dER, dL 
and dA are even more illustrative, the range being only 
1.02- 1.1 2. This means that the retreat of those glaciers from 
the maximum LIA limit related to their modern dimen
sions was modest and they have not cha nged type. The large 
glaciers in the cold, dry inner areas oftheTien Shan seem to 
be more stable than those in the warm, humid northwestern 
frontal a reas, especially with respect to their areal dimen
sions and ELA. 

There a re two probable expla nations for this phenomen
on. The first concerns qualities specific to given glaciers. The 
smaller, more active glaciers of the frontal ranges are prob
ably more sensitive to climate variations than the large, 
stable glaciers of the inner ranges. In this case, climate var
iations seem more likely to resul t in fluctuations of the area 
of glaciation, whi le in humid areas they cause a lowering of 
the glacier surface (Liu Chaohai and H an Tianding, 1992; 
Dyurgerov, 1995). In other words, it could be that in both 
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areas climate variations of similar magnitudes resulted in 
similar trends in long-term changes of mass balance. 
Another explanation we referred to earlier (Savoskul and 
Solomina, 1996) is that the climate signals were of different 
magnitude in the frontal and inner areas of the Tien Shan, 
i. e. that during the cooling interval s of the late Holocene the 
precipitation increased in the frontal areas and decreased in 
the inner areas as compared to warmer intervals, and thus 
the long-term changes in mass balance were also different. 

ACCUR ACY OF ESTIMATION OF MODERN AND 
LIA GLACIER CHARACTERISTICS 

The accuracy of determination of ELAs of both past and 
modern glaciers is a much-discussed question, and there ex
ist a number of different approaches to the calculation of 
dELA, as was shown in an earlier section of this paper. An 
indicator of the accuracy of esti mation of modern ELAs was 
provided by data from field measurements on Barkrak Sred
niy and Barkrak Praviy glaciers (Vinogradov, 1976) in the 
western Tien Shan. The best results are obtained by the 
AAR and the THAR method, using an AAR of 0.67 ± 3 
and THAR of 0.40- 0.45, whereas the MEG method over
estimates the ELA. In the northern Tien Shan, modern 
ELA is derived from aerial photographs for Aksay glacier 
(3770 m), where the AAR method gives the most appropri
ate results. In the central and inner T ien Shan, data on the 
modern ELAs of Kolpakovskiy and Petrov glaciers can be 
obtained from aerial photographs, and here the use of 
THAR of 0.45-0.50 and 0.5- 0.55, respectively, was most suc
cessf u1. 

According to these data, in northwestern areas of the 
Tien Shan the MEG method gives lower values of dELA 
than the THAR and AAR methods. In the inner areas the 
THAR method is likely to provide the most reliable results, 
while AAR and MEG methods fail to take into acco unt var
iations in glacier morphology and topography. Apparently, 
the AAR method is not ideal for large, coalescing valley 
glaciers of rather complicated morphology such as the 
Semenov a nd Petrov glaciers. One reason for the very low 
accuracy of the AAR method in these circumstances could 
be the difficulty of determining the surface lowering, which 
should be rather significant for la rge glaciers. For instance, 
the elevation of the LIA lateral moraines above the surface 
of the modern Petrov glacier provides evidence for a surface 
lowering of 50 m, and there is a surface lowering of not less 
than 70 m for Semenov glacier. The results obtained by the 
MEG and AAR methods are comparable, first, for small, 
geometrically regular glaciers in frontal areas, as in the 
Atlantic region (Torsnes and others, 1993; Aa, 1996), and, 
secondly, [or the large glaciers in inner areas, where both 
methods a re of very low accuracy, and therefore the THAR 
method seems to provide the most reliable results. 

The accuracy of the determination o[ dER, dL and dA 
apparently depends on the scale and quality or the maps 
used, and on the accuracy of elevation measurements (sce 
above). However, there are other sources of mistakes. First 
is the accuracy of the age estimation of glacier deposits used 
to find out the LIA glacier limits, which is d iscussed in detai l 
in Savoskul and Solomina (1996). T he second cri tical point is 
the use of rock glaciers for reconstruction of LIA glacier 
limits at site I (glacier Barkrak Praviy) and site 6 (glacier 
Nos. 311 -312). I t is very p robable that the length and area 
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are overestim ated, because of the unknown rates of rock 
g lacier movement, though taking in to account the gentl e 
sloping of the valley bottoms they should not be very high. 

SUMMARY AND CONCLUSIONS 

During the LIA maximum advance, differences between 
the "humid" a nd "arid" a reas in terms of the dimensions of 
the la rgest glaciers were sm aller than today. Whereas the 

area of the large LIA glaciers in the warm, humid north

western fronta l ranges was 1.5- 1.9 times la rger than that of 
the modern glaciers, the a rea of the LIA glaciers in the cold, 
a rid inner pa rts of the Tien Shan was only 1.03- 1.07 times 
larger than at present. The changes in elevation ranges a re 
about 1.3- 1.6 and 1.02-1.10, respectively. The largest LIA 
glaciers were 1.4- 1.9 times longer than modern glaciers in 
"humid" ranges, and only 1.02- 1.12 times longer in "arid" 
a reas. The maximum dELA is approximately 100- 200 m 
in "humid" areas, and 20- 50 m in "arid" a reas. 

The most vari able glaciers in the "humid" a reas of the 
Tien Shan a re large, north-exposed valley glaciers, which 
should be considered the most representative of the north
western peripher y. Smaller cirque glaciers and glaciers 
exposed more to the south in general experi enced fluctua
ti ons of smaller magnitude. 

La rge g laciers in the "arid" areas were very stable 
throughout the LIA; the ELA, elevation range, length and 
area of these glaciers have undergone Ouctuations of small 
magnitude, though the lowering of the glacier surface could 
be very significant, up to 50- 70 m. 

Differences in the pattern of glacier cha nges may be 
explained either by differences in the sensitivity of glaciers 
to climate change or by differences in the magnitude of 

climate signals causing the glacier fluctuations. 
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