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Abstract

The  glaciers  of  Mongolia  have  not  been  well  studied;;  before  now,  the  exact  number  of  glaciers  and  

World  Glacier  Monitoring  Service  (WGMS)  lists  one  Mongolian  glacier;;  the  Digital  Chart  of  the  
World  outlines  only  some  glaciers  in  Mongolia;;  and  the  World  Glacier  Inventory  (WGI)  includes  

Regional  Center  for  Mongolia  to  its  list  of  regional  observation  centers,  and  the  inventorying  of  

Acknowledgments
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Preface 
 

INSTAAR Occasional Paper 61 is an addendum to the U.S. Geological Survey Professional 
Paper 1386, “Satellite Image Atlas of Glaciers of the World,” which contains 11 chapters. While 
Chapter F, “Asia,” includes sections on the glaciers of the Former Soviet Union, China, Afghanistan, 
Pakistan, India, Nepal, and Bhutan, it does not include the glaciers of Mongolia. This paper on the 
glaciers of Mongolia had been originally prepared as an online addendum to the USGS PP 1386-F 
section in collaboration with volume editors Richard Williams and Jane Ferrigno. Although the paper 
had passed through all publication processes (peer review, revision, and editing) and was turned over 
to the press, recent budgetary cuts at USGS stalled its publication in the very end. As an alternative, 
INSTAAR offered to publish the paper in its Occasional Paper series. 

The paper reviews our knowledge about the glaciers of Mongolia. Until only recently, the 
number of glaciers and the area they cover were unknown; data presented in the literature varied 
within a broad range. In 2010, the international project Global Land Ice Measurements from Space 
(GLIMS) established its Regional Center for Mongolia at the University of Montana and the National 
University of Mongolia, and in 2013 the first complete inventory of the glaciers of Mongolia was 
uploaded to the GLIMS webpage (http://www.glims.org).  

 
 
 
Ulrich Kamp 
Associate Professor 
Department of Geography 
University of Montana, Missoula     
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Introduction

  

the  Digital  Chart  of  the  World  outlines  only  some  glaciers  in  Mongolia;;  and  the  World  Glacier  

FIGURE  1.  Location  of  Khangai  Mountains  and  Altai  Mountains  with  selected  subranges  within  

Mongolia.



FIGURE  2.  Location  of  selected  glacierized  regions  within  the  Altai  Mountains  of  Mongolia.  See  

also  Table  1  for  further  details,  including  geographic  names  of  numbered  regions.
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area  varied  between  35  and  57  km

km

surface  elevation,  and  volume),  and  estimated  climate  change  from  existing  studies  must  be  

  

ROMANIZATION  OF  MONGOLIAN



8

T
A

B
L

E
 1

 
G

la
ci

er
iz

ed
 a

re
a 

an
d 

nu
m

be
r 

of
 g

la
ci

er
s 

in
 th

e 
M

on
go

lia
n 

A
lta

i f
ro

m
 p

ub
lis

he
d 

re
fe

re
nc

es
. 

 

R
an

ge
 

C
oo

rd
in

at
es

 
(N

/E
) 

ID
 in

 
Fi

gu
re

 2
 

Y
ea

r o
f S

ou
rc

e 
N

um
be

r o
f 

gl
ac

ie
rs

 
G

la
ci

er
iz

ed
 a

re
a 

(k
m

2 ) 
D

at
a 

so
ur

ce
  

So
ur

ce
 

A
lta

i M
ou

nt
ai

ns
 

~4
5º

–5
0º

30
/ 

~8
7º

50
–9

5º
 

 
19

40
s, 

19
85

 (?
) 

19
40

s, 
19

80
s, 

19
90

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

48
, 1

95
0 

19
70

–1
97

1 
19

89
–1

99
1 

19
98

–2
00

0 
19

99
–2

00
2 

20
00

  
20

10
–2

01
1 ? ? 

26
2 

73
1 

18
7 

18
6 —

 
12

0 
69

1 
71

6 
57

8 
~5

80
 

67
0 —

 
~2

50
 

65
9 

65
5 

54
0 

54
0 

>3
00

 
32

8 
54

1 
42

9 
42

3 
42

3 
37

2 
>3

00
 

51
4 

? To
po

 1
:1

00
,0

00
 a

nd
 a

er
ia

l 
A

er
ia

l 
A

er
ia

l a
nd

 to
po

 
To

po
  

To
po

 1
:1

00
,0

00
 

La
nd

sa
t 

La
nd

sa
t 

To
po

 a
nd

 sa
te

lli
te

 
To

po
 a

nd
 sa

te
lli

te
 

La
nd

sa
t 

? ? 

B
aa

st
 (1

99
8)

 
K

lin
ge

 (2
00

1)
1  

D
as

hd
el

eg
 e

t a
l. 

(1
98

3)
 

D
as

hd
el

eg
 (1

99
0)

 
Le

hm
ku

hl
 (1

99
8)

 
Se

liv
an

ov
 (1

97
2)

2  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
Y

ab
ou

ki
 a

nd
 O

ha
ta

 (2
00

9)
 

O
ha

ta
 e

t a
l. 

(2
00

9)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

D
ev

ja
tk

in
 (1

98
1)

 
En

kh
ta

iv
an

 (2
00

6)
 

A
sg

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

7.
0 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

B
aa

ta
r K

ha
irk

ha
n 

46
º5

8
 / 

92
º4

4
 

1 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
20

00
 

20
10

 

9 —
 2 2 

7.
3 

5.
4 

5.
9 

5.
1 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

B
ar

zg
ar

 
48

º4
0

 / 
88

º2
7

 
2 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
30

 
—

 
23

.5
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

B
ug

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

18
.6

 
A

er
ia

l a
nd

 to
po

 
D

as
hd

el
eg

 (1
99

0)
 

C
hu

ch
e 

Sa
in

 
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
11

.0
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
un

ge
re

kh
ijn

 Z
as

t  
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
18

.6
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
us

h 
48

º2
0

 / 
89

º5
0

 
3 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
24

 
—

 
17

.1
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

H
uh

 S
er

h 
48

º0
3

 / 
90

º5
2

 
4 

20
07

 
20

08
 

—
 

—
 

2.
2 

2.
1 

SP
O

T 
Fi

el
d 

La
di

g 
(2

00
9)

 
La

di
g 

(2
00

9)
 

Ik
h 

Tu
rg

en
 

49
º4

8
 / 

89
º4

5
 

5 

19
40

s  
19

40
s, 

19
85

 (?
) 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
98

 
20

11
 

52
 

27
 

—
 

57
 

62
 

36
.8

 
39

.4
 

7.
0 

34
.0

 
27

.8
 

To
po

 1
:1

00
,0

00
 

? A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
ha

rk
hi

ra
a 

49
º3

4
 / 

91
º2

3
 

6 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
48

 
19

48
 

19
48

, 1
95

0 
19

48
, 1

95
0 

19
69

 
19

70
, 1

97
1 

19
88

 
19

88
, 1

99
1 

19
89

 
19

91
 

19
91

 
19

91
 

19
92

 

—
 

48
 

—
 

29
 

—
 

32
 

—
 

—
 

50
 

43
 

—
 

35
 

39
 

—
 

58
.2

 
53

.7
 

43
.0

 
58

.5
 

58
.5

 
48

.8
 

50
.1

 
(~

36
.1

) 
35

.0
 

55
.3

 
52

.1
 

34
.8

 
35

.9
 

57
.4

 

A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:2

00
,0

00
 

To
po

 1
:1

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

D
as

hd
el

eg
 (1

99
0)

 

Le
hm

ku
hl

 (2
01

2)
 

D
av

aa
 a

nd
 K

ad
ot

a 
(2

00
9)

 
Le

hm
ku

hl
 (1

99
8)

 
Le

hm
ku

hl
 (1

99
9)

 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

lin
ge

 (2
00

1)
1  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Le
hm

ku
hl

 (1
99

9)
 

Ja
ns

en
 (2

01
0)

 
Le

hm
ku

hl
 (2

01
2)

 
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 



19
92

 
20

00
 

20
01

 
20

02
 

20
02

 
20

10
 

20
10

 

29
 

—
 

32
 

—
 

28
 

—
 

33
 

36
.6

 
36

.1
 

45
.5

 
31

.3
 

29
.3

 
30

.0
 

31
.0

 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t  

La
nd

sa
t 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 
K

hr
ut

sk
y 

an
d 

G
ol

ub
ev

a 
(2

00
8)

  
K

am
p 

et
 a

l. 
(2

01
3)

  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

K
hu

kh
 S

er
kh

yn
 

 
 

19
63

 
20

08
 

—
 

—
 

7.
0 

4.
0 

To
po

  
Fi

el
d 

B
ad

er
 e

t a
l. 

(2
00

8)
 

B
ad

er
 e

t a
l. 

(2
00

8)
 

K
hr

um
un

i K
ha

irk
ha

n 
/ T

ol
bo

 
48

º3
9

 / 
90

º1
0

 
7 

19
40

s 
26

 
15

.4
 

To
po

 1
:1

00
,0

00
 

K
lin

ge
 (2

00
1)

1  
M

ai
n 

R
id

ge
 w

es
t o

f K
ho

vd
 

47
º5

0
 / 

90
º0

5
 

8 
19

40
s 

30
 

26
.7

 
To

po
 1

:1
00

,0
00

 
K

lin
ge

 (2
00

1)
1  

M
un

kh
 K

ha
irk

ha
n 

47
º0

5
 / 

91
º4

0
 

9 

19
40

s, 
19

85
 (?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

89
 

19
90

 
19

91
 

19
91

 
19

91
 

19
92

 
20

00
 

20
01

 
20

01
 

20
02

 
20

02
 

20
05

 
20

06
 

20
07

 
20

09
 

20
10

 
20

11
 

13
 

—
 

80
 

—
 

35
 

10
8 —

 
—

 
—

 
—

 
54

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
49

 

77
.2

 
44

.0
 

67
.1

 
39

.2
 

34
.8

 
44

.0
 

36
.1

 
37

.0
 

28
.9

 
29

.2
 

31
.0

 
27

.4
 

26
.5

 
28

.0
 

27
.3

 
29

.1
 

26
.4

 
27

.9
 

27
.4

 

? A
er

ia
l a

nd
 to

po
  

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t a

nd
 A

ST
ER

 
A

er
ia

l 1
:4

5,
00

0 
La

nd
sa

t 
La

nd
sa

t a
nd

 A
ST

ER
 

La
nd

sa
t 

La
nd

sa
t a

nd
 A

ST
ER

 
La

nd
sa

t a
nd

 A
ST

ER
  

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t a

nd
 A

ST
ER

 
La

nd
sa

t a
nd

 A
ST

ER
 

La
nd

sa
t a

nd
 A

ST
ER

 
La

nd
sa

t a
nd

 A
ST

ER
 

La
nd

sa
t a

nd
 A

ST
ER

 
La

nd
sa

t a
nd

 A
ST

ER
 

La
nd

sa
t 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
lin

ge
 (2

00
1)

1  
K

ru
m

w
ie

de
 e

t a
l. 

(in
 p

re
ss

)4  
Ja

ns
en

 (2
01

0)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4  

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4   

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
 

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4   

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4  

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4   

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

M
un

kh
 S

ar
’d

ag
 

 
 

19
40

s, 
19

85
 (?

) 
1 

0.
27

 
? 

B
aa

st
 (1

99
8)

 
M

un
kh

 Z
as

t 
44

º4
8

 / 
95

º0
6

 
10

 
19

47
–1

95
0,

 1
97

2 
(?

) 
? 

7.
0 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

R
as

ha
an

i 
48

º5
9

 / 
88

º1
4

 
11

 
19

40
s 

19
47

–1
95

0,
 1

97
2 

(?
) 

33
 

—
 

30
.9

 
1.

0 
To

po
 1

:1
00

,0
00

 
A

er
ia

l a
nd

 to
po

 
K

lin
ge

 (2
00

1)
1 

D
as

hd
el

eg
 (1

99
0)

 

Sa
ir 

48
º0

2
 / 

90
º3

8
 

12
 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

91
 

19
92

 
19

98
 

20
02

 
20

11
 

17
 

—
 

18
 

—
 

10
 

—
 

12
 

11
.8

 
11

.0
 

9.
2 

11
.5

 
7.

7 
6.

6 
5.

8 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1  
D

as
hd

el
eg

 (1
99

0)
  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3 

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Sa
m

ar
ta

i 
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
1.

0 
A

er
ia

l a
nd

 to
po

 
D

as
hd

el
eg

 (1
99

0)
 

Sa
rs

ch
et

am
i 

49
º2

8
 / 

88
º4

5
 

13
 

19
40

s 
23

 
12

.0
 

To
po

 1
:1

00
,0

00
 

K
lin

ge
 (2

00
1)

1  

Su
ta

i 
46

º3
7

 / 
93

º3
5

 
14

 
19

40
s 

19
47

–1
95

0,
 1

97
2 

(?
) 

33
 

—
 

16
.9

 
11

.0
 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

Ta
kh

il 
D

es
h 

 
 

19
40

s, 
19

85
 (?

) 
36

 
30

.8
 

? 
B

aa
st

 (1
99

8)
 

Ta
va

n 
B

og
d 

49
º0

9
 / 

87
º5

0
 

15
 

19
40

s 
 1

94
0s

, 1
98

5 
(?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

45
 

19
88

 
19

89
 

19
89

 

92
 

88
 

—
 

—
 

—
 

—
 

12
6 

11
9.

8 
18

2.
0 

12
.6

 
88

.9
 

 (~
79

.8
) 

21
3 

11
5.

3 

To
po

 1
:1

00
,0

00
 

? A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

La
nd

sa
t  

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1  
B

aa
st

 (1
99

8)
 

D
as

hd
el

eg
 (1

99
0)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

ad
ot

a 
an

d 
D

av
aa

 (2
00

4)
 

K
ru

m
w

ie
de

 e
t a

l. 
(in

 p
re

ss
)4   

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

T
A

B
L

E
 1

 
G

la
ci

er
iz

ed
 a

re
a 

an
d 

nu
m

be
r 

of
 g

la
ci

er
s 

in
 th

e 
M

on
go

lia
n 

A
lta

i f
ro

m
 p

ub
lis

he
d 

re
fe

re
nc

es
. 

 

R
an

ge
 

C
oo

rd
in

at
es

 
(N

/E
) 

ID
 in

 
Fi

gu
re

 2
 

Y
ea

r o
f S

ou
rc

e 
N

um
be

r o
f 

gl
ac

ie
rs

 
G

la
ci

er
iz

ed
 a

re
a 

(k
m

2 ) 
D

at
a 

so
ur

ce
  

So
ur

ce
 

A
lta

i M
ou

nt
ai

ns
 

~4
5º

–5
0º

30
/ 

~8
7º

50
–9

5º
 

 
19

40
s, 

19
85

 (?
) 

19
40

s, 
19

80
s, 

19
90

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

48
, 1

95
0 

19
70

–1
97

1 
19

89
–1

99
1 

19
98

–2
00

0 
19

99
–2

00
2 

20
00

  
20

10
–2

01
1 ? ? 

26
2 

73
1 

18
7 

18
6 —

 
12

0 
69

1 
71

6 
57

8 
~5

80
 

67
0 —

 
~2

50
 

65
9 

65
5 

54
0 

54
0 

>3
00

 
32

8 
54

1 
42

9 
42

3 
42

3 
37

2 
>3

00
 

51
4 

? To
po

 1
:1

00
,0

00
 a

nd
 a

er
ia

l 
A

er
ia

l 
A

er
ia

l a
nd

 to
po

 
To

po
  

To
po

 1
:1

00
,0

00
 

La
nd

sa
t 

La
nd

sa
t 

To
po

 a
nd

 sa
te

lli
te

 
To

po
 a

nd
 sa

te
lli

te
 

La
nd

sa
t 

? ? 

B
aa

st
 (1

99
8)

 
K

lin
ge

 (2
00

1)
1  

D
as

hd
el

eg
 e

t a
l. 

(1
98

3)
 

D
as

hd
el

eg
 (1

99
0)

 
Le

hm
ku

hl
 (1

99
8)

 
Se

liv
an

ov
 (1

97
2)

2  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
Y

ab
ou

ki
 a

nd
 O

ha
ta

 (2
00

9)
 

O
ha

ta
 e

t a
l. 

(2
00

9)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

D
ev

ja
tk

in
 (1

98
1)

 
En

kh
ta

iv
an

 (2
00

6)
 

A
sg

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

7.
0 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

B
aa

ta
r K

ha
irk

ha
n 

46
º5

8
 / 

92
º4

4
 

1 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
20

00
 

20
10

 

9 —
 2 2 

7.
3 

5.
4 

5.
9 

5.
1 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

B
ar

zg
ar

 
48

º4
0

 / 
88

º2
7

 
2 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
30

 
—

 
23

.5
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

B
ug

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

18
.6

 
A

er
ia

l a
nd

 to
po

 
D

as
hd

el
eg

 (1
99

0)
 

C
hu

ch
e 

Sa
in

 
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
11

.0
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
un

ge
re

kh
ijn

 Z
as

t  
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
18

.6
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
us

h 
48

º2
0

 / 
89

º5
0

 
3 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
24

 
—

 
17

.1
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

H
uh

 S
er

h 
48

º0
3

 / 
90

º5
2

 
4 

20
07

 
20

08
 

—
 

—
 

2.
2 

2.
1 

SP
O

T 
Fi

el
d 

La
di

g 
(2

00
9)

 
La

di
g 

(2
00

9)
 

Ik
h 

Tu
rg

en
 

49
º4

8
 / 

89
º4

5
 

5 

19
40

s  
19

40
s, 

19
85

 (?
) 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
98

 
20

11
 

52
 

27
 

—
 

57
 

62
 

36
.8

 
39

.4
 

7.
0 

34
.0

 
27

.8
 

To
po

 1
:1

00
,0

00
 

? A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
ha

rk
hi

ra
a 

49
º3

4
 / 

91
º2

3
 

6 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
48

 
19

48
 

19
48

, 1
95

0 
19

48
, 1

95
0 

19
69

 
19

70
, 1

97
1 

19
88

 
19

88
, 1

99
1 

19
89

 
19

91
 

19
91

 
19

91
 

19
92

 

—
 

48
 

—
 

29
 

—
 

32
 

—
 

—
 

50
 

43
 

—
 

35
 

39
 

—
 

58
.2

 
53

.7
 

43
.0

 
58

.5
 

58
.5

 
48

.8
 

50
.1

 
(~

36
.1

) 
35

.0
 

55
.3

 
52

.1
 

34
.8

 
35

.9
 

57
.4

 

A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:2

00
,0

00
 

To
po

 1
:1

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

D
as

hd
el

eg
 (1

99
0)

 

Le
hm

ku
hl

 (2
01

2)
 

D
av

aa
 a

nd
 K

ad
ot

a 
(2

00
9)

 
Le

hm
ku

hl
 (1

99
8)

 
Le

hm
ku

hl
 (1

99
9)

 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

lin
ge

 (2
00

1)
1  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Le
hm

ku
hl

 (1
99

9)
 

Ja
ns

en
 (2

01
0)

 
Le

hm
ku

hl
 (2

01
2)

 
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 

T
A
B
L
E
  1
  (
c
o
n
t
.)



19
98

 
20

00
 

20
09

 
20

11
 

97
 

—
 

—
 

11
0 

95
.9

 
79

.8
 

20
4 

95
.0

 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

ru
m

w
ie

de
 e

t a
l. 

(in
 p

re
ss

)4  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

Ts
am

ba
ga

ra
v 

48
º4

0
 / 

90
º5

0
 

16
 

19
40

s, 
19

85
 (?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

48
 

19
63

 
19

87
 

19
91

 
19

92
 

19
98

 
20

00
 

20
02

 
20

11
 

5 —
 

—
 

—
 

61
 

30
 

—
 

30
 

—
 

—
 

27
 

11
5.

9 
80

.2
 

10
5.

1 
(~

74
.8

) 
84

.8
 

86
.6

 
91

.0
 

76
.6

 
74

.8
 

71
.5

 
69

.3
 

? A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

C
or

on
a 

 
A

er
ia

l 1
:4

5,
00

0 
La

nd
sa

t 
La

nd
sa

t 
La

nd
sa

t 
La

nd
sa

t  
La

nd
sa

t 
La

nd
sa

t 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 

K
lin

ge
 (2

00
1)

1   
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

ad
ot

a 
an

d 
D

av
aa

 (2
00

4)
 

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Ts
as

t B
og

d 
Su

ta
i 

46
º3

2
 / 

93
º3

3
 

17
 

19
40

s, 
19

85
 (?

) 
5 

23
.2

 
? 

B
aa

st
 (1

99
8)

 

Ts
en

ge
l K

ha
irk

ha
n 

48
º3

8
 / 

89
º0

5
 

18
 

19
40

s, 
19

85
 (?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

87
, 1

98
8 

20
 

—
 

39
 

25
.0

 
2.

8 
30

.7
 

? A
er

ia
l a

nd
 to

po
  

A
er

ia
l 1

:4
5,

00
0 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
lin

ge
 (2

00
1)

1 

Tu
rg

en
 

49
º4

1
 / 

91
º2

0
 

19
 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
48

 
19

48
 

19
48

, 1
95

0 
19

48
, 1

95
0 

19
68

 
19

69
 

19
88

 
19

88
, 1

99
1 

19
89

 
19

91
 

19
91

 
19

91
 

19
92

 
19

92
 

20
00

 
20

01
 

20
02

 
20

02
 

20
10

 
20

10
 

—
 

—
 

—
 

29
 

—
 

—
 

39
 

—
 

40
 

71
 

—
 

34
 

40
 

—
 

39
 

—
 

51
 

—
 

39
 

—
 

43
 

48
.5

 
50

.1
 

47
.0

 
45

.2
 

44
.8

 
43

.0
 

46
.8

 
(~

34
.7

) 
44

.0
 

56
.6

 
40

.2
 

35
.5

 
33

.8
 

51
.0

 
38

.6
 

34
.7

 
39

.8
 

33
.8

 
33

.7
 

31
.8

 
32

.4
 

A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:2

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

La
nd

sa
t  

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

D
as

hd
el

eg
 (1

99
0)

 

D
av

aa
 a

nd
 K

ad
ot

a 
(2

00
9)

 
Le

hm
ku

hl
 (2

01
2)

 
Le

hm
ku

hl
 (1

99
8)

 
Le

hm
ku

hl
 (1

99
9)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

hr
ut

sk
y 

an
d 

G
ol

ub
ev

a 
(2

00
8)

 
K

ad
ot

a 
an

d 
D

av
aa

 (2
00

4)
 

K
lin

ge
 (2

00
1)

1   
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3 

Le
hm

ku
hl

 (1
99

9)
 

Ja
ns

en
 (2

01
0)

 
Le

hm
ku

hl
 (2

01
2)

 
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 
K

hr
ut

sk
y 

an
d 

G
ol

ub
ev

a 
(2

00
8)

 
K

ad
ot

a 
an

d 
D

av
aa

 (2
00

4)
  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3 

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
 

K
am

p 
et

 a
l. 

(2
01

3)
  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Tu
rg

en
-K

ha
rk

hi
ra

a 
49

º4
1

 / 
91

º2
3

 
20

 

19
40

s, 
19

85
 (?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

48
 

19
48

 
19

48
, 1

95
0 

19
48

, 1
95

0 
19

69
 

19
88

 
19

88
, 1

99
1 

19
89

 
19

91
 

19
91

 
19

91
 

19
92

 

26
 

—
 

—
 

96
 

58
 

—
 

71
 

—
 

90
 

11
4 —

 
69

 
79

 
—

 

11
6.

7 
10

6.
7 

93
.1

 
10

0.
7 

10
3.

7 
10

3.
3 

95
.6

 
(~

70
.8

) 
79

.0
 

11
1.

9 
92

.3
 

70
.3

 
69

.7
 

10
8.

4 

? A
er

ia
l a

nd
 to

po
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:2

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

D
av

aa
 a

nd
 K

ad
ot

a 
(2

00
9)

 
Le

hm
ku

hl
 (2

01
2)

 
Le

hm
ku

hl
 (1

99
8)

 
Le

hm
ku

hl
 (1

99
9)

 
K

hr
ut

sk
y 

an
d 

G
ol

ub
ev

a 
(2

00
8)

 
K

ad
ot

a 
an

d 
D

av
aa

 (2
00

4)
 

K
lin

ge
 (2

00
1)

1  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
Le

hm
ku

hl
 (1

99
9)

 
Ja

ns
en

 (2
01

0)
 

Le
hm

ku
hl

 (2
01

2)
 

D
av

aa
 a

nd
 B

as
an

do
rj 

(2
00

5)
 

T
A

B
L

E
 1

 
G

la
ci

er
iz

ed
 a

re
a 

an
d 

nu
m

be
r 

of
 g

la
ci

er
s 

in
 th

e 
M

on
go

lia
n 

A
lta

i f
ro

m
 p

ub
lis

he
d 

re
fe

re
nc

es
. 

 

R
an

ge
 

C
oo

rd
in

at
es

 
(N

/E
) 

ID
 in

 
Fi

gu
re

 2
 

Y
ea

r o
f S

ou
rc

e 
N

um
be

r o
f 

gl
ac

ie
rs

 
G

la
ci

er
iz

ed
 a

re
a 

(k
m

2 ) 
D

at
a 

so
ur

ce
  

So
ur

ce
 

A
lta

i M
ou

nt
ai

ns
 

~4
5º

–5
0º

30
/ 

~8
7º

50
–9

5º
 

 
19

40
s, 

19
85

 (?
) 

19
40

s, 
19

80
s, 

19
90

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

48
, 1

95
0 

19
70

–1
97

1 
19

89
–1

99
1 

19
98

–2
00

0 
19

99
–2

00
2 

20
00

  
20

10
–2

01
1 ? ? 

26
2 

73
1 

18
7 

18
6 —

 
12

0 
69

1 
71

6 
57

8 
~5

80
 

67
0 —

 
~2

50
 

65
9 

65
5 

54
0 

54
0 

>3
00

 
32

8 
54

1 
42

9 
42

3 
42

3 
37

2 
>3

00
 

51
4 

? To
po

 1
:1

00
,0

00
 a

nd
 a

er
ia

l 
A

er
ia

l 
A

er
ia

l a
nd

 to
po

 
To

po
  

To
po

 1
:1

00
,0

00
 

La
nd

sa
t 

La
nd

sa
t 

To
po

 a
nd

 sa
te

lli
te

 
To

po
 a

nd
 sa

te
lli

te
 

La
nd

sa
t 

? ? 

B
aa

st
 (1

99
8)

 
K

lin
ge

 (2
00

1)
1  

D
as

hd
el

eg
 e

t a
l. 

(1
98

3)
 

D
as

hd
el

eg
 (1

99
0)

 
Le

hm
ku

hl
 (1

99
8)

 
Se

liv
an

ov
 (1

97
2)

2  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
Y

ab
ou

ki
 a

nd
 O

ha
ta

 (2
00

9)
 

O
ha

ta
 e

t a
l. 

(2
00

9)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

D
ev

ja
tk

in
 (1

98
1)

 
En

kh
ta

iv
an

 (2
00

6)
 

A
sg

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

7.
0 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

B
aa

ta
r K

ha
irk

ha
n 

46
º5

8
 / 

92
º4

4
 

1 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
20

00
 

20
10

 

9 —
 2 2 

7.
3 

5.
4 

5.
9 

5.
1 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

B
ar

zg
ar

 
48

º4
0

 / 
88

º2
7

 
2 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
30

 
—

 
23

.5
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

B
ug

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

18
.6

 
A

er
ia

l a
nd

 to
po

 
D

as
hd

el
eg

 (1
99

0)
 

C
hu

ch
e 

Sa
in

 
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
11

.0
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
un

ge
re

kh
ijn

 Z
as

t  
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
18

.6
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
us

h 
48

º2
0

 / 
89

º5
0

 
3 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
24

 
—

 
17

.1
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

H
uh

 S
er

h 
48

º0
3

 / 
90

º5
2

 
4 

20
07

 
20

08
 

—
 

—
 

2.
2 

2.
1 

SP
O

T 
Fi

el
d 

La
di

g 
(2

00
9)

 
La

di
g 

(2
00

9)
 

Ik
h 

Tu
rg

en
 

49
º4

8
 / 

89
º4

5
 

5 

19
40

s  
19

40
s, 

19
85

 (?
) 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
98

 
20

11
 

52
 

27
 

—
 

57
 

62
 

36
.8

 
39

.4
 

7.
0 

34
.0

 
27

.8
 

To
po

 1
:1

00
,0

00
 

? A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
ha

rk
hi

ra
a 

49
º3

4
 / 

91
º2

3
 

6 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
48

 
19

48
 

19
48

, 1
95

0 
19

48
, 1

95
0 

19
69

 
19

70
, 1

97
1 

19
88

 
19

88
, 1

99
1 

19
89

 
19

91
 

19
91

 
19

91
 

19
92

 

—
 

48
 

—
 

29
 

—
 

32
 

—
 

—
 

50
 

43
 

—
 

35
 

39
 

—
 

58
.2

 
53

.7
 

43
.0

 
58

.5
 

58
.5

 
48

.8
 

50
.1

 
(~

36
.1

) 
35

.0
 

55
.3

 
52

.1
 

34
.8

 
35

.9
 

57
.4

 

A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:2

00
,0

00
 

To
po

 1
:1

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

D
as

hd
el

eg
 (1

99
0)

 

Le
hm

ku
hl

 (2
01

2)
 

D
av

aa
 a

nd
 K

ad
ot

a 
(2

00
9)

 
Le

hm
ku

hl
 (1

99
8)

 
Le

hm
ku

hl
 (1

99
9)

 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

lin
ge

 (2
00

1)
1  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Le
hm

ku
hl

 (1
99

9)
 

Ja
ns

en
 (2

01
0)

 
Le

hm
ku

hl
 (2

01
2)

 
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 

T
A
B
L
E
  1
  (
c
o
n
t
.)



  

1  G
la

ci
er

iz
ed

 a
re

a 
ca

lc
ul

at
ed

 u
si

ng
 d

at
a 

an
d 

eq
ua

tio
n 

fr
om

 K
lin

ge
 (2

00
1)

: “
gl

ac
ie

r l
en

gt
h 

 0
.7

 =
 g

la
ci

er
 a

re
a.

” 
2  O

nl
y 

>0
.5

-k
m

-lo
ng

 g
la

ci
er

s. 
3  O

nl
y 

gl
ac

ie
rs

/g
la

ci
er

iz
ed

 a
re

a 
>0

.0
1 

km
2 . 

4  O
nl

y 
gl

ac
ie

rs
/g

la
ci

er
iz

ed
 a

re
a 

>0
.1

 k
m

2 . 
 

 

19
92

 
20

00
 

20
01

 
20

02
 

20
02

 
20

10
 

20
10

 

68
 

—
 

83
 

—
 

67
 

—
 

76
 

75
.2

 
70

.8
 

85
.3

 
65

.1
 

63
.0

 
61

.8
 

63
.4

 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

La
nd

sa
t 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
  

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 
K

hr
ut

sk
y 

an
d 

G
ol

ub
ev

a 
(2

00
8)

 
K

am
p 

et
 a

l. 
(2

01
3)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

U
nd

ur
 K

ha
irk

ha
n 

48
º2

1
 / 

88
º3

6
 

21
 

19
40

s 
19

40
s, 

19
85

 (?
) 

19
47

–1
95

0,
 1

97
2 

(?
) 

29
 

40
 

—
 

21
.1

 
43

.3
 

18
.6

 

To
po

 1
:1

00
,0

00
 

? A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

Za
ga

an
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

5.
4 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

Za
ga

an
 K

ha
irk

ha
n 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

4.
0 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

T
A

B
L

E
 1

 
G

la
ci

er
iz

ed
 a

re
a 

an
d 

nu
m

be
r 

of
 g

la
ci

er
s 

in
 th

e 
M

on
go

lia
n 

A
lta

i f
ro

m
 p

ub
lis

he
d 

re
fe

re
nc

es
. 

 

R
an

ge
 

C
oo

rd
in

at
es

 
(N

/E
) 

ID
 in

 
Fi

gu
re

 2
 

Y
ea

r o
f S

ou
rc

e 
N

um
be

r o
f 

gl
ac

ie
rs

 
G

la
ci

er
iz

ed
 a

re
a 

(k
m

2 ) 
D

at
a 

so
ur

ce
  

So
ur

ce
 

A
lta

i M
ou

nt
ai

ns
 

~4
5º

–5
0º

30
/ 

~8
7º

50
–9

5º
 

 
19

40
s, 

19
85

 (?
) 

19
40

s, 
19

80
s, 

19
90

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

47
–1

95
0,

 1
97

2 
(?

) 
19

48
, 1

95
0 

19
70

–1
97

1 
19

89
–1

99
1 

19
98

–2
00

0 
19

99
–2

00
2 

20
00

  
20

10
–2

01
1 ? ? 

26
2 

73
1 

18
7 

18
6 —

 
12

0 
69

1 
71

6 
57

8 
~5

80
 

67
0 —

 
~2

50
 

65
9 

65
5 

54
0 

54
0 

>3
00

 
32

8 
54

1 
42

9 
42

3 
42

3 
37

2 
>3

00
 

51
4 

? To
po

 1
:1

00
,0

00
 a

nd
 a

er
ia

l 
A

er
ia

l 
A

er
ia

l a
nd

 to
po

 
To

po
  

To
po

 1
:1

00
,0

00
 

La
nd

sa
t 

La
nd

sa
t 

To
po

 a
nd

 sa
te

lli
te

 
To

po
 a

nd
 sa

te
lli

te
 

La
nd

sa
t 

? ? 

B
aa

st
 (1

99
8)

 
K

lin
ge

 (2
00

1)
1  

D
as

hd
el

eg
 e

t a
l. 

(1
98

3)
 

D
as

hd
el

eg
 (1

99
0)

 
Le

hm
ku

hl
 (1

99
8)

 
Se

liv
an

ov
 (1

97
2)

2  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
Y

ab
ou

ki
 a

nd
 O

ha
ta

 (2
00

9)
 

O
ha

ta
 e

t a
l. 

(2
00

9)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

D
ev

ja
tk

in
 (1

98
1)

 
En

kh
ta

iv
an

 (2
00

6)
 

A
sg

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

7.
0 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

B
aa

ta
r K

ha
irk

ha
n 

46
º5

8
 / 

92
º4

4
 

1 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
20

00
 

20
10

 

9 —
 2 2 

7.
3 

5.
4 

5.
9 

5.
1 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  
K

am
p 

an
d 

Pa
n 

(in
 p

re
p.

)3  

B
ar

zg
ar

 
48

º4
0

 / 
88

º2
7

 
2 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
30

 
—

 
23

.5
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

B
ug

at
 

 
 

19
47

–1
95

0,
 1

97
2 

(?
) 

—
 

18
.6

 
A

er
ia

l a
nd

 to
po

 
D

as
hd

el
eg

 (1
99

0)
 

C
hu

ch
e 

Sa
in

 
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
11

.0
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
un

ge
re

kh
ijn

 Z
as

t  
 

 
19

47
–1

95
0,

 1
97

2 
(?

) 
—

 
18

.6
 

A
er

ia
l a

nd
 to

po
 

D
as

hd
el

eg
 (1

99
0)

 

D
us

h 
48

º2
0

 / 
89

º5
0

 
3 

19
40

s 
19

47
–1

95
0,

 1
97

2 
(?

) 
24

 
—

 
17

.1
 

1.
8 

To
po

 1
:1

00
,0

00
 

A
er

ia
l a

nd
 to

po
 

K
lin

ge
 (2

00
1)

1 

D
as

hd
el

eg
 (1

99
0)

 

H
uh

 S
er

h 
48

º0
3

 / 
90

º5
2

 
4 

20
07

 
20

08
 

—
 

—
 

2.
2 

2.
1 

SP
O

T 
Fi

el
d 

La
di

g 
(2

00
9)

 
La

di
g 

(2
00

9)
 

Ik
h 

Tu
rg

en
 

49
º4

8
 / 

89
º4

5
 

5 

19
40

s  
19

40
s, 

19
85

 (?
) 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
98

 
20

11
 

52
 

27
 

—
 

57
 

62
 

36
.8

 
39

.4
 

7.
0 

34
.0

 
27

.8
 

To
po

 1
:1

00
,0

00
 

? A
er

ia
l a

nd
 to

po
 

La
nd

sa
t 

La
nd

sa
t 

K
lin

ge
 (2

00
1)

1 

B
aa

st
 (1

99
8)

 
D

as
hd

el
eg

 (1
99

0)
 

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

K
ha

rk
hi

ra
a 

49
º3

4
 / 

91
º2

3
 

6 

19
47

–1
95

0,
 1

97
2 

(?
) 

19
48

 
19

48
 

19
48

, 1
95

0 
19

48
, 1

95
0 

19
69

 
19

70
, 1

97
1 

19
88

 
19

88
, 1

99
1 

19
89

 
19

91
 

19
91

 
19

91
 

19
92

 

—
 

48
 

—
 

29
 

—
 

32
 

—
 

—
 

50
 

43
 

—
 

35
 

39
 

—
 

58
.2

 
53

.7
 

43
.0

 
58

.5
 

58
.5

 
48

.8
 

50
.1

 
(~

36
.1

) 
35

.0
 

55
.3

 
52

.1
 

34
.8

 
35

.9
 

57
.4

 

A
er

ia
l a

nd
 to

po
  

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:1

00
,0

00
 

To
po

 1
:2

00
,0

00
 

To
po

 1
:1

00
,0

00
 

A
er

ia
l 1

:4
4,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

A
er

ia
l 1

:4
5,

00
0 

La
nd

sa
t 

D
as

hd
el

eg
 (1

99
0)

 

Le
hm

ku
hl

 (2
01

2)
 

D
av

aa
 a

nd
 K

ad
ot

a 
(2

00
9)

 
Le

hm
ku

hl
 (1

99
8)

 
Le

hm
ku

hl
 (1

99
9)

 

K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 

K
ad

ot
a 

an
d 

D
av

aa
 (2

00
4)

 
K

lin
ge

 (2
00

1)
1  

K
am

p 
an

d 
Pa

n 
(in

 p
re

p.
)3  

Le
hm

ku
hl

 (1
99

9)
 

Ja
ns

en
 (2

01
0)

 
Le

hm
ku

hl
 (2

01
2)

 
D

av
aa

 a
nd

 B
as

an
do

rj 
(2

00
5)

 

T
A
B
L
E
  1
  (
c
o
n
t
.)



Climate  and  Recent  Climate  Change

CLIMATE
  

  



TABLE 2 
Mean monthly and annual climate data in Ulaangom and the Turgen-Kharkhiraa Mountains (TKM), 
northern Altai of Mongolia. Abbreviations: haP day–1 = hectare Pascals per day; kWh m–2= kilowatt-
hours per square meter; m s–1=meters per second; mm °C–1 day–1= millimeters per degree Celsius per 

day. Modified from Jansen (2010). 
 

 Elevation (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Temperature (ºC) 

Ulaangom1 939 32.4 29.7 18.7 0.4 11.4 17.4 19.1 16.8 10.1 0.4 10.7 25.6 3.5 

TKM  
Recent ice margin2 3196 25.0 22.9 15.1 4.7 3.3 7.0 8.0 6.9 2.2 4.6 13.2 22.9 6.8 

TKM  
Glacier elevation index2 3511 24.0 22.0 14.6 5.3 2.1 5.6 6.5 5.5 1.1 5.3 13.5 22.5 7.2 

TKM3 3825 23 21 14 6 1 4 5 4 0 6 14 22 8 

Precipitation (mm) 

Ulaangom1 939 2.0 1.9 3.6 3.5 6.7 26.6 36.0 23.8 15.3 4.3 7.4 5.3 136.4 

TKM2 3511 8 8 15 15 83 103 116 106 57 25 43 22 601 

Relative Humidity (%) 

Ulaangom1 939 73 73 76 51 40 43 41 55 54 62 76 76 61 

Water Vapor Pressure Deficit (haP day–1) 

Ulaangom1 939 0.11 0.14 0.33 2.91 8.1 11.34 10.85 8.62 5.69 2.39 0.65 0.18 4.27 

TKM  
Recent ice margin2 3196 1.11 1.17 2.03 3.88 6.79 8.97 8.98 7.44 5.86 3.28 1.93 1.29 --- 

TKM  
Glacier elevation index 2 3511 1.20 1.20 1.98 3.70 6.57 8.62 8.67 7.10 5.78 3.26 1.97 1.37 --- 

Total Insolation (kWh m–2) 

Ulaangom1 939 42 68 125 150 185 188 176 154 120 80 40 33 1359 

TKM  
Recent ice margin2 3196 59 85 187 206 259 266 241 216 165 112 62 50 1908 

TKM  
Glacier elevation index 2 3511 61 87 200 213 268 284 250 229 170 115 64 52 1993 

Diffuse Radiation (kWh m–2) 

Ulaangom1 939 17 19 32 59 77 80 79 59 46 32 20 15 536 

Wind Speed (m s–1) 

Ulaangom1 939 0.8 1.0 1.5 2.6 3.0 2.7 2.4 2.3 2.3 2.0 1.6 1.1 1.9 

TKM  
Recent ice margin2 3196 5.5 5.8 6.3 7.3 6.4 5.9 5.4 4.8 5.3 6.3 6.7 6.1 6.0 

TKM  
Glacier elevation index 2 3511 6.5 6.8 7.5 8.5 7.7 6.9 6.3 5.6 6.1 7.3 7.9 7.2 7.0 

Positive Degree Days per Day (mm ºC–1 day–1) 

TKM  
Recent ice margin2 3196 0 0 0 0 3.1 5.9 6.6 5.8 2.3 0 0 0 n/a 

TKM  
Glacier elevation index 2 3511 0 0 0 0 2.2 4.8 5.5 4.7 1.4 0 0 0 n/a 

Positive Degree Days per Month (mm ºC–1 day–1) 

TKM  
Recent ice margin2 3196 0 0 0 0 95.3 175.5 204.6 179.0 67.5 0 0 0 n/a 

TKM  
Glacier elevation index 2 3511 0 0 0 0 67.4 144.0 169.7 146.5 42.8 0 0 0 n/a 
 

1 Calculated data for the period 1952–1995 from Jansen (2010) based on measured weather station data. 
2 Modeled data from Jansen (2010). 

3 Modeled data from Böhner (2006) in Jansen (2010). 

TABLE 2 
Mean monthly and annual climate data in Ulaangom and the Turgen-Kharkhiraa Mountains (TKM), 
northern Altai of Mongolia. Abbreviations: haP day–1 = hectare Pascals per day; kWh m–2= kilowatt-
hours per square meter; m s–1=meters per second; mm °C–1 day–1= millimeters per degree Celsius per 

day. Modified from Jansen (2010). 
 

 Elevation (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Temperature (ºC) 

Ulaangom1 939 32.4 29.7 18.7 0.4 11.4 17.4 19.1 16.8 10.1 0.4 10.7 25.6 3.5 

TKM  
Recent ice margin2 3196 25.0 22.9 15.1 4.7 3.3 7.0 8.0 6.9 2.2 4.6 13.2 22.9 6.8 

TKM  
Glacier elevation index2 3511 24.0 22.0 14.6 5.3 2.1 5.6 6.5 5.5 1.1 5.3 13.5 22.5 7.2 

TKM3 3825 23 21 14 6 1 4 5 4 0 6 14 22 8 

Precipitation (mm) 

Ulaangom1 939 2.0 1.9 3.6 3.5 6.7 26.6 36.0 23.8 15.3 4.3 7.4 5.3 136.4 

TKM2 3511 8 8 15 15 83 103 116 106 57 25 43 22 601 

Relative Humidity (%) 

Ulaangom1 939 73 73 76 51 40 43 41 55 54 62 76 76 61 

Water Vapor Pressure Deficit (haP day–1) 

Ulaangom1 939 0.11 0.14 0.33 2.91 8.1 11.34 10.85 8.62 5.69 2.39 0.65 0.18 4.27 

TKM  
Recent ice margin2 3196 1.11 1.17 2.03 3.88 6.79 8.97 8.98 7.44 5.86 3.28 1.93 1.29 --- 

TKM  
Glacier elevation index 2 3511 1.20 1.20 1.98 3.70 6.57 8.62 8.67 7.10 5.78 3.26 1.97 1.37 --- 

Total Insolation (kWh m–2) 

Ulaangom1 939 42 68 125 150 185 188 176 154 120 80 40 33 1359 

TKM  
Recent ice margin2 3196 59 85 187 206 259 266 241 216 165 112 62 50 1908 

TKM  
Glacier elevation index 2 3511 61 87 200 213 268 284 250 229 170 115 64 52 1993 

Diffuse Radiation (kWh m–2) 

Ulaangom1 939 17 19 32 59 77 80 79 59 46 32 20 15 536 

Wind Speed (m s–1) 

Ulaangom1 939 0.8 1.0 1.5 2.6 3.0 2.7 2.4 2.3 2.3 2.0 1.6 1.1 1.9 

TKM  
Recent ice margin2 3196 5.5 5.8 6.3 7.3 6.4 5.9 5.4 4.8 5.3 6.3 6.7 6.1 6.0 

TKM  
Glacier elevation index 2 3511 6.5 6.8 7.5 8.5 7.7 6.9 6.3 5.6 6.1 7.3 7.9 7.2 7.0 

Positive Degree Days per Day (mm ºC–1 day–1) 

TKM  
Recent ice margin2 3196 0 0 0 0 3.1 5.9 6.6 5.8 2.3 0 0 0 n/a 

TKM  
Glacier elevation index 2 3511 0 0 0 0 2.2 4.8 5.5 4.7 1.4 0 0 0 n/a 

Positive Degree Days per Month (mm ºC–1 day–1) 

TKM  
Recent ice margin2 3196 0 0 0 0 95.3 175.5 204.6 179.0 67.5 0 0 0 n/a 

TKM  
Glacier elevation index 2 3511 0 0 0 0 67.4 144.0 169.7 146.5 42.8 0 0 0 n/a 
 

1 Calculated data for the period 1952–1995 from Jansen (2010) based on measured weather station data. 
2 Modeled data from Jansen (2010). 

3 Modeled data from Böhner (2006) in Jansen (2010). 



RECENT  CLIMATE  CHANGE



FIGURE   3.  Temperature   reconstructions   from   1600   to   2000   for   the  

Northern   Hemisphere   (green   line)   and   Mongolia   (blue   line).   From  

Jacoby  et  al.  (1996).

FIGURE  4.  Temperature  trend  from  1940  to  2001  in  Mongolia.  The  blue  

line  is  normalized  anomalies  of  air  temperature.  The  black  line  is  a  second  

order  polynomial.  From  Batima  et  al.  (2005).



FIGURE  5.  Normalized  anomalies  of  mean  annual  precipitation  from  

1941   to   2001   in  Mongolia.  The   blue   line   is   normalized   anomalies   of  

precipitation.  The  black  line  is  a  second  order  polynomial.  From  Batima  

et  al.  (2005).



Khangai  Mountains

  

TABLE 3 
Changes in temperature and precipitation for the Great Lakes Basin, western Mongolia, 

calculated from two General Circulation Models (GCMs) based on the IS92a scenario 
(Intergovernmental Panel on Climate Change [IPCC], 1992). Modified from Gomboluudev 

(2003). 
 

Year 
Temperature (°C) Precipitation (mm) 

HadCM2 ECHAM4 HadCM2 ECHAM4 

Annual 

2020 1.9 2.4 23.6 1.7 

2050 3.2 4.4 57.1 0.3 

2080 4.6 6.6 87.7 5.7 

Summer 

2020 2.0 2.5 3.9 0.1 

2050 3.2 4.8 7.3 15.1 

2080 4.7 7.0 11.6 21.8 

Winter 

2020 1.7 2.3 6.0 3.9 

2050 3.1 4.7 14.4 11.0 

2080 4.7 7.0 26.7 19.3 



Mongolian  Altai
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  and  estimated  a  glacier  



  in  the  

  

FIGURE   6.   Ground   photographs   of   two   glaciers   in   the   Tsambagarav   Range,   Mongolia:   (A)  

Northern  Slope  Glacier;;  and  (B)  Flat  Top  Glacier.  From  Davaa  and  Kadota  (2009).



individual  glaciers  and  between  regions,  and  that  many  of  the  glaciers  had  been  stagnant  since  

TURGEN-­KHARKHIRAA  MOUNTAINS



FIGURE  7.  (A)  Landsat  5  image  of  the  Tavan  Bogd  Range,  Mongolian  Altai  Mountains;;  

and  (B)  enlargement  of  Landsat  5   image  centered  on  the  Potanin  Glacier.  In  the  false-­

color   composite   image   (bands   4,   5,   7),   glaciers   are   dark   blue.   Dotted   line   represents  

international  borders  (LT51430262010232IKR00,  20  August  2010).



kWh  m ,  ranging  from  

FIGURE  8.  Ground  photograph  of  the  Potanin  Glacier  (right)  and  Alexandra  Glacier  (left),  Tavan  

Bogd   Range,   Mongolian  Altai   Mountains.   Khuiten   Peak,   at   4374   m   a.s.l.   the   highest   peak   in  

Mongolia,  is  in  the  center  in  the  background.  From  Davaa  and  Kadota  (2009).



FIGURE  9.  Landsat  5   image  of   the  Turgen-­Kharkhiraa  Mountains,  Mongolian  Altai  

Mountains:  (A)  Turgen  Range;;  and  (B)  Kharkhiraa  Range.  In  the  false-­color  composite  

image  (bands  4,  5,  7),  glaciers  are  dark  blue  (LT51420252010241IKR00,  29  August  2010).



  

  and  noted  that  most  of  the  glaciers  

  of  
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TABLE 4 
Characteristics of glaciers in the Turgen-Kharkhiraa Mountains in the northern Altai of 

Mongolia for 1969, 1992, and 2002. The decision for the identification of the three 
investigated years was based on availability of data from topographic maps and satellite 
imagery. Modified from Khrutsky and Golubeva (2008). Glacier coefficient = ratio of the 

accumulation area to the ablation area of a glacier. 
 

Year Aspect 
Number of 

glaciers 

Weighted mean indices 

Area 
(km2) Length (km) 

Changes in 
length 
(m a–1) 

Glacier 
margin 
altitude 

(m) 

Snow line 
altitude 

(m) 
Glacier 

coefficient 
 

Turgen 
 

1969 
Northern 

15 1.45 2.11 n/a 3180 
3460 

— 
1992 15 1.33 1.71 17.4 3195 1.04 
2002 15 1.01 1.60 4.8 3240 — 
1969 

Eastern 
10 1.47 1.86 n/a 3260 

3497 
— 

1992 10 1.16 1.46 17.6 3276 0.90 
2002 10 1.02 1.40 2.6 3290 — 
1969 

Southern 
and Western 

14 0.97 1.57 n/a 3285 
3510 

— 
1992 14 0.56 1.23 14.8 3310 0.60 
2002 14 0.53 1.04 7.8 3340 — 

 
Kharkhiraa 

 
1969 

Northern 
16 2.10 1.97 n/a 3200 

3490 
— 

1992 16 1.60 1.83 6.1 3230 0.68 
2002 16 1.32 1.47 15.6 3270 — 
1969 

Eastern 
  8 0.90 1.40 n/a 3240 

3500 
— 

1992   8 0.84 1.07 14.3 3320 1.20 
2002   7 0.78 1.00 21.3 3370 — 
1969 

Southern 
and Western 

  8 0.64 1.30 n/a 3280 
3515 

— 
1992   5 0.23 0.69 26.5 3350 0.40 
2002   5 0.16 0.50 8.2 3385 — 

 



TABLE 5 
Glacierized area, ice volume, annual melt runoff, and their changes from 1969 to 2002 in 

the Turgen-Kharkhiraa Mountains in the northern Altai of Mongolia. The decision for the 
identification of the three investigated time periods (1969 to 1992, 1992 to 2002, and 1969 to 
2002) was based on availability of data from topographic maps and satellite imagery rather 

than on statistical breakpoints. Modified and extended from Khrutsky and Golubeva 
(2008). 

 

Year and span 
Glacierized area Ice volume 

Annual 
melt runoff 

km2 percent km3 percent km3 percent 
 

Turgen 
 

1969 46.8 n/a 2.62 n/a 0.16 n/a 
1992 38.6 n/a 1.78 n/a 0.14 n/a 
2002 33.7 n/a 1.51 n/a 0.12 n/a 
1969–1992 (23) 8.2 17.5 0.84 32.0 0.02 12.5 
1992–2002 (10) 4.9 12.7 0.27 15.2 0.02 14.3 
1969–2002 (33) 13.1 28.0 1.11 42.4 0.04 25.0 

 
Kharkhiraa 

 
1969 48.8 n/a 2.14 n/a 0.18 n/a 
1992 36.6 n/a 1.54 n/a 0.12 n/a 
2002 29.3 n/a 1.07 n/a 0.09 n/a 
1969–1992 (23) 12.2 25.0 0.60 28.1 0.06 33.3 
1992–2002 (10) 7.3 20.0 0.47 30.5 0.03 25.0 
1969–2002 (33) 19.5 40.0 1.07 50.0 0.09 50.0 

 
Turgen-Kharkhiraa 

 
1969 95.6 n/a 4.76 n/a 0.34 n/a 
1992 75.2 n/a 3.32 n/a 0.26 n/a 
2002 63.0 n/a 2.58 n/a 0.21 n/a 
1969–1992 (23) 20.4 21.3 1.44 30.3 0.08 23.5 
1992–2002 (10) 12.2 16.2 0.74 22.3 0.05 19.2 
1969–2002 (33) 32.6 34.1 2.18 45.8 0.13 38.2 

 



  a

  a
km   a

)  in  the  

TABLE 6 
Modeled mean monthly and annual snow data from 1952 to 1995 in the Turgen-Kharkhiraa 

Mountains (TKM), northern Altai of Mongolia. Modified from Jansen (2010). 
 

 Elevation (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Snow accumulation (mm) 

Recent ice margin 3196* 7.2 7.3 13.5 13.7 25.9 0 0 0 46.7 22.4 38.6 20.0 195.3 

Equilibrium line 
altitude 3511 7.9 8.1 14.9 15.1 78.9 0 0 0 57.0 24.9 42.9 22.0 271.7 

Highest summit 4040 9.1 9.3 17.2 17.5 98.8 53.4 6.6 49.2 65.5 29.1 50.2 25.5 431.4 

Snow ablation (mm) 

Recent ice margin 3196* 3.0 4.6 10.4 14.1 40.4 56.2 60.1 52.1 29.4 8.5 4.9 3.2 286.9 

Equilibrium line 
altitude 3511 3.8 5.3 11.7 15.0 36.9 51.8 54.8 47.5 26.0 9.3 5.8 4.1 272.0 

Highest summit 4040 5.3 6.6 13.9 16.7 31.2 44.4 45.9 39.6 15.3 10.8 7.4 5.7 242.8 

Mass budget (mm) 

Recent ice margin 3196* 4.2 2.7 3.1 0.4 14.5 56.2 60.1 52.1 17.3 13.9 33.7 16.8 91.6 

Equilibrium line 
altitude 3511 4.1 3.8 3.2 0.1 42.0 51.8 54.8 47.5 31.0 15.6 37.1 17.9 0.7 

Highest summit 4040 3.8 2.7 3.3 0.8 67.6 9.0 39.3 9.6 50.2 18.3 42.8 19.8 188.6 

Snow melt (mm w.e.) # 

Equilibrium line 
altitude 3511 n/a n/a n/a n/a 83 124 140 127 68 n/a n/a n/a n/a 

 

* The original elevation in Jansen (2010) was 3200 m. The difference of only 4 m between the two elevations was neglected in the study at hand. 
# w.e. = water equivalent; based upon snow density of 150 kg m–3. 
 



a );;  in  total,  it  receded  by  around  

),  followed  
),  

TABLE 7 
Modeled mean monthly snowmelt in the Turgen Mountains, northern Altai of Mongolia (in 

mm water equivalent (w.e.) during the “rainy season” at the equilibrium line altitude 
(ELA) of 3511 m). Modified from Jansen (2010). 

 
Snow Density May Jun Jul Aug Sep 

100 kg m–3 55 83 93 85 46 

150 kg m–3 83 124 140 127 68 

200 kg m–3 110 165 186 169 91 

 



T
A

B
L

E
 8

 
G

la
ci

er
 n

um
be

r,
 g

la
ci

er
iz

ed
 a

re
a,

 a
nd

 c
ha

ng
es

 b
y 

gl
ac

ie
r 

ty
pe

 fr
om

 1
96

9 
to

 2
00

2 
in

 th
e 

T
ur

ge
n-

K
ha

rk
hi

ra
a 

M
ou

nt
ai

ns
 in

 th
e 

no
rt

he
rn

 A
lta

i o
f M

on
go

lia
. T

he
 d

ec
is

io
n 

fo
r 

th
e 

id
en

tif
ic

at
io

n 
of

 th
e 

th
re

e 
in

ve
st

ig
at

ed
 ti

m
e 

pe
ri

od
s 

(1
96

9 
to

 1
99

2,
 1

99
2 

to
 

20
02

, a
nd

 1
96

9 
to

 2
00

2)
 w

as
 b

as
ed

 o
n 

av
ai

la
bi

lit
y 

of
 d

at
a 

fr
om

 to
po

gr
ap

hi
c 

m
ap

s 
an

d 
sa

te
lli

te
 im

ag
er

y 
ra

th
er

 th
an

 o
n 

st
at

is
tic

al
 b

re
ak

po
in

ts
. T

he
 m

os
t i

m
po

rt
an

t n
um

be
rs

 a
re

 s
ho

w
n 

in
 g

ra
y 

sh
ad

in
g.

 R
ev

is
ed

, e
xt

en
de

d,
 a

nd
 p

ar
tly

 c
or

re
ct

ed
 

fr
om

 K
hr

ut
sk

y 
an

d 
G

ol
ub

ev
a 

(2
00

8)
. 

 

Y
ea

r a
nd

 s
pa

n 
C

om
pl

ex
-v

al
le

y 
gl

ac
ie

r 
V

al
le

y 
gl

ac
ie

r 
N

ea
r-

sl
op

e 
gl

ac
ie

r 
H

an
gi

ng
 g

la
ci

er
 

C
irq

ue
 g

la
ci

er
 

C
irq

ue
-v

al
le

y 
gl

ac
ie

r 
A

ll 
gl

ac
ie

rs
 

N
o.

 
km

2  
Pe

rc
en

t 
N

o.
 

km
2  

Pe
rc

en
t 

N
o.

 
km

2  
Pe

rc
en

t 
N

o.
 

km
2  

Pe
rc

en
t 

N
o.

 
km

2  
Pe

rc
en

t 
N

o.
 

km
2  

Pe
rc

en
t 

N
o.

 
km

2  
Pe

rc
en

t 
 

Tu
rg

en
 

 
19

69
 

0 
0 

n/
a 

12
 

24
.2

 
n/

a 
8 

11
.4

 
n/

a 
15

 
8.

4 
n/

a 
2 

1.
3 

n/
a 

2 
1.

5 
n/

a 
39

 
46

.8
 

n/
a 

19
92

 
0 

0 
n/

a 
12

 
21

.8
 

n/
a 

8 
8.

8 
n/

a 
15

 
5.

3 
n/

a 
2 

1.
2 

n/
a 

2 
1.

5 
n/

a 
39

 
38

.6
 

n/
a 

20
02

 
0 

0 
n/

a 
12

 
20

.3
 

n/
a 

8 
7.

0 
n/

a 
15

 
3.

8 
n/

a 
2 

1.
2 

n/
a 

2 
1.

4 
n/

a 
39

 
33

.7
 

n/
a 

19
69

–1
99

2 
(2

3)
 

±0
 

±0
 

±0
 

±0
 

2.
4 

9.
9 

±0
 

2.
6 

22
.8

 
±0

 
3.

1 
36

.9
 

±0
 

0.
1 

7.
7 

±0
 

±0
 

±0
 

±0
 

8.
2 

17
.5

 
19

92
–2

00
2 

(1
0)

 
±0

 
±0

 
±0

 
±0

 
1.

5 
6.

9 
±0

 
1.

8 
20

.5
 

±0
 

1.
5 

28
.3

 
±0

 
±0

 
±0

 
±0

 
0.

1 
6.

7 
±0

 
4.

9 
12

.7
 

19
69

–2
00

2 
(3

3)
 

±0
 

±0
 

±0
 

±0
 

3.
9 

16
.1

 
±0

 
4.

4 
38

.6
 

±0
 

4.
6 

54
.8

 
±0

 
0.

1 
9.

9 
±0

 
0.

1 
6.

7 
±0

 
13

.1
 

28
.0

 
 

K
ha

rk
hi

ra
a 

 
19

69
 

3 
15

.7
 

n/
a 

5 
12

.9
 

n/
a 

10
 

13
.6

 
n/

a 
7 

3.
2 

n/
a 

6 
1.

7 
n/

a 
1 

1.
7 

n/
a 

32
 

48
.8

 
n/

a 
19

92
 

3 
11

.3
 

n/
a 

5 
12

.3
 

n/
a 

9 
9.

6 
n/

a 
7 

1.
9 

n/
a 

4 
1.

2 
n/

a 
1 

0.
3 

n/
a 

29
 

36
.6

 
n/

a 
20

02
 

3 
10

.8
 

n/
a 

5 
9.

5 
n/

a 
9 

6.
6 

n/
a 

6 
1.

1 
n/

a 
4 

1.
0 

n/
a 

1 
0.

3 
n/

a 
28

 
29

.3
 

n/
a 

19
69

–1
99

2 
(2

3)
 

±0
 

4.
4 

28
.0

 
±0

 
0.

6 
4.

7 
1 

4.
0 

29
.4

 
±0

 
1.

3 
40

.6
 

2 
0.

5 
29

.4
 

±0
 

1.
4 

82
.4

 
3 

12
.2

 
25

.0
 

19
92

–2
00

2 
(1

0)
 

±0
 

0.
5 

4.
4 

±0
 

2.
8 

22
.8

 
±0

 
3.

0 
31

.3
 

1 
0.

8 
42

.1
 

±0
 

0.
2 

16
.7

 
±0

 
±0

 
±0

 
1 

7.
3 

19
.9

w
 

19
69

–2
00

2 
(3

3)
 

±0
 

4.
9 

31
.2

 
±0

 
3.

4 
26

.4
 

1 
7.

0 
51

.5
 

1 
2.

1 
65

.6
 

2 
0.

7 
41

.2
 

±0
 

1.
4 

82
.4

 
4 

19
.5

 
40

.0
 

 
Tu

rg
en

-K
ha

rk
hi

ra
a 

 
19

69
 

3 
15

.7
 

n/
a 

17
 

37
.1

 
n/

a 
18

 
25

.0
 

n/
a 

22
 

11
.6

 
n/

a 
8 

3.
0 

n/
a 

3 
3.

2 
n/

a 
71

 
95

.6
 

n/
a 

19
92

 
3 

11
.3

 
n/

a 
17

 
34

.1
 

n/
a 

17
 

18
.4

 
n/

a 
22

 
7.

2 
n/

a 
6 

2.
4 

n/
a 

3 
1.

8 
n/

a 
68

 
75

.2
 

n/
a 

20
02

 
3 

10
.8

 
n/

a 
17

 
29

.8
 

n/
a 

17
 

13
.6

 
n/

a 
21

 
4.

9 
n/

a 
6 

2.
2 

n/
a 

3 
1.

7 
n/

a 
67

 
63

.0
 

n/
a 

19
69

–1
99

2 
(2

3)
 

±0
 

4.
4 

28
.0

 
±0

 
3.

0 
8.

1 
1 

6.
6 

26
.4

 
±0

 
4.

4 
37

.9
 

2 
0.

6 
20

.0
 

±0
 

1.
4 

43
.8

 
3 

20
.4

 
21

.3
 

19
92

–2
00

2 
(1

0)
 

±0
 

0.
5 

4.
4 

±0
 

4.
3 

12
.6

 
±0

 
4.

8 
26

.1
 

1 
2.

3 
31

.9
 

±0
 

0.
2 

8.
3 

±0
 

0.
1 

-5
.6

 
1 

12
.2

 
16

.2
 

19
69

–2
00

2 
(3

3)
 

±0
 

4.
9 

31
.1

 
±0

 
7.

3 
19

.7
 

1 
11

.4
 

45
.6

 
1 

6.
7 

57
.8

 
2 

0.
8 

26
.7

 
±0

 
1.

5 
46

.9
 

4 
32

.6
 

34
.1

 
 



FIGURE  10.  Recession  of  the  terminus  of  the  West  Turgen  Glacier,  Turgen  Range,  

between  1910  and  2010,  mapped  from  repeat  ground  photographs  taken  in  August  

1910   by   the   Royal   Geographical   Society   Expedition   to   the   Turgen   Mountains  

and  in  July  2010  by  the  U.S.-­Mongolian  Anniversary  Expedition;;  1:100,000-­scale  

topographic   maps   from   1970/1971   compiled   by   the   former   Soviet   Union   from  

vertical  aerial  photographs  taken  in  1968;;  Landsat  4  image  (p141r025_4dt19920625_

z46_20  and  p141r026_4dt19920625_z46_20,  25  June  1992);;  and  Landsat  5  image  

(L5142025_02520100829,  29  August  2010).  The  glacier  receded  by  403  m  from  1910  

to  1970,  by  87  m  from  1970  to  1992,  and  by  110  m  from  1992  to  2010.  From  Kamp  

et  al.  (2013).



TAVAN  BOGD  MOUNTAINS

;;  however,  for  which  

FIGURE  11.  Ground  photograph  from  19  July  2010  of  West  Turgen  Glacier  (in  the  foreground)  and  

East  Turgen  Glacier  (in  the  background),  Turgen  Range,  Mongolian  Altai  Mountains.  A  comparison  

with   the  August  1910  photograph  from  the  Royal  Geographic  Society   (RGS)  Expedition   to   the  

Turgen  Mountains  of  Mongolia  under  the  leadership  of  Douglas  Carruthers  revealed  that  in  the  

100  years.  From  Kamp  et  al.  (2013).



FIGURE  12.  Ground  photograph  of  Turgen  Peak  and  the  end  moraine  of  West  Turgen  

Glacier   to   the   left.   In   this   2010   photograph,   the   summit   ice   cap   looks   unchanged  

compared  to  1910,  but  the  small  glacier  descending  from  the  cirque  on  the  right  has  

retreated,  along  with  a  reduction  of  ice  in  the  center  frame  seracs.  The  debris-­covered  

ice  in  the  center  of  the  moraine  has  also  completely  ablated  (from  Kamp  et  al.,  2013).
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numbers  document  high  uncertainties  in  some  climate  model  results  and  glacier  dynamics  are  
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from  7  km

FIGURE  13.  Landsat  5  image  of  the  Munkh  Khairkhan  Mountains,  Mongolian  Altai  Mountains.  

In  the  false-­color  composite  (bands  4,  5,  7),  glaciers  are  dark  blue  (LT51410272010234IKR00,  22  

August  2010).
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FIGURE  14.  Glacierization  of  the  main  range  of  the  Munkh  Khairkhan  

Mountains,  Mongolia:  (A)  Landsat  5  false-­color  composite  (bands  4,  

5,  7)  (ETP141R27_5T19900916,  16  September  1990);;  (B)  Landsat  7  

false-­color  composite  (bands  2,  3,  4)  (LE71400272000240SGS00,  27  

August  2000);;  (C)  ASTER  color-­composite  (bands  1,  2,  3)  (AST_L1B

_00308032006050008_20090420191731_1296,  3  August  2006)  (from  

Krumwiede  et  al.,  in  press).



Conclusions

km

FIGURE   15.   Ground   photograph   of   plateau   and   cirque   glaciers   in   the   Munkh   Khairkhan  

Mountains,  Mongolian  Altai  Mountains.  Munkh  Khairkhan  Peak  is  in  the  center  of  the  photograph  

(from  Davaa  and  Kadota,  2009).
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FIGURE   16.  Areal   changes   in   glaciers   in   the   Munkh   Khairkhan   Mountains,   Mongolian  Altai  

Mountains,  from  1990  (red  outline)  to  2006  (white  with  blue  dots)  mapped  from  Landsat  5  images  

(ETP141R27_5T19900916,  16  September  1990;;  LT51400272006232IKR00,  20  August  2006)  (from  

Krumwiede  et  al.,  in  press).

FIGURE  17.  Landsat   5   image   of   the  Tsambagarav  Range,  Mongolian  Altai  Mountains.   In   the  

false-­color  composite  image  (bands  4,  5,  7)  glaciers  appear  dark  blue  (LT51410262006271IKR00,  

28  September  2006).
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FIGURE  18.  Ground  photograph  of  erosional  remnant  in  the  valley  in  front  of  three  cirque  glaciers  

in  the  Huh  Serh  Range,  Mongolian  Altai  Mountains  (from  Ladig,  2009).
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