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why ice cliffs and 
supraglacial lakes?

• a possible explanation for more rapid ablation of 
debris covered tongues than initially expected 
(Gardelle et al. 2012/2013, Scherler et al. 2011) 

• indication of subglacial drainage patterns (Gulley 
and Benn, 2007) 

• an indication of the glacier’s state?
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we have come a long way …

• … from no mention of ice cliffs or lakes on debris 
covered glaciers (Mattson et al. in 1980s) to first 
notes and measurements (Sakai et al. 1998, Benn 
et al. 1999) and still minor significance in Hambrey 
et al. 2008 

• … to specific energy balance studies (Sakai et al. 
2002, Reid and Brock 2014, Steiner et al. 2015, 
Buri et al. 2016) and dedicated observations
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today we are at the point scale …

Steiner et al. 2015 
Reid et al. 2014 

Sakai et al. 1998/2000
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and with still some uncertainties at the cliff scale …

Buri et al., Annals of Glaciology, 2016
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what about the glacier and catchment scale …

-> Posters today by  
Pascal Buri (X3.271 on cliffs)  
Evan Miles (X3.266 on lakes)
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1 Lirung 
2 Shalbacum 
3 Langshisha 
4 Ghanna 
5 Langtang
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Langtang Catchment
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1 - Ortho 2 - Slope

3 - LANDSAT 4 - Final Map
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• Lateral/Longitudinal Cliff with (1) / without lake (2) 

• Circular Cliff with / without lake (3) 

• Lake with / without (4) respective Cliff Type 

• Terminal Cliffs / Lake (5)

Introduction Methods I II Results I II III IV Outlook
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Classification of Cliffs and Lakes

400 cliffs / season 
100 - 200 lakes / season
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- strong spatial 
variability 

- no clear seasonal 
variability 



Life and death of ice cliffs and lakes on debris covered glaciers - EGU 2016, Vienna - Jakob Steiner 

368000 370000 372000 374000 376000 378000

31
22
00
0

31
24
00
0

31
26
00
0

31
28
00
0

31
30
00
0

31
32
00
0

31
34
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

Oct 2015May 2015Apr 2014

Dec 2010Nov 2009Oct 2006Nov 1974

Lakes  
- strong seasonal 

variability 
- difficult to extract 

spatial trend 



Life and death of ice cliffs and lakes on debris covered glaciers - EGU 2016, Vienna - Jakob Steiner 

Elevation [m]
4500 5000 5500

C
ou

nt

0

2

4

6

8

10

12

14

16

18

20

Elevation [m]
4500 5000

C
ou

nt

0

2

4

6

8

10

12

14

16

18

20

Elevation [m]
4200 4400 4600 4800

C
ou

nt

0

2

4

6

8

10

12

14

16

18

20
Ice Cliff with Lake
only Cliff
only Lake

Langtang Langshisha Shalbacum

Introduction Methods I II Outlook

Elevation Distribution of Cliff/Lake Features

Results I II III IV



Life and death of ice cliffs and lakes on debris covered glaciers - EGU 2016, Vienna - Jakob Steiner 

4400 4500 4600 4700 4800 4900 5000 5100 5200 5300

# 
/ [

m
 a

-1
] /

 [°
]

0

5

10

15

20

25

30

35

40

Elevation [m]

Velocities [m a-1]
Slope [°]

4400 4500 4600 4700 4800 4900 5000 5100 5200 5300

# 
/ [

m
 a

-1
] /

 [°
]

0

5

10

15

20

25

30

35

40

Elevation [m]

Velocities [m a-1]
Slope [°]

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

ice cliffs  
(2006 - 2015)

lakes 
(2006 - 2015)

Langtang Glacier

where do ice cliffs and lakes appear?

Introduction Methods I II OutlookResults I II III IV



Life and death of ice cliffs and lakes on debris covered glaciers - EGU 2016, Vienna - Jakob Steiner 

4400 4500 4600 4700 4800 4900 5000 5100 5200 5300

# 
/ [

m
 a

-1
] /

 [°
]

0

5

10

15

20

25

30

35

40

Elevation [m]

Velocities [m a-1]
Slope [°]

4400 4500 4600 4700 4800 4900 5000 5100 5200 5300

# 
/ [

m
 a

-1
] /

 [°
]

0

5

10

15

20

25

30

35

40

Elevation [m]

Velocities [m a-1]
Slope [°]

365000 370000 375000 380000

31
25
00
0

31
30
00
0

31
35
00
0

31
40
00
0

Easting

N
or
th
in
g

4500

5000

5500

6000

6500

ice cliffs  
(2006 - 2015)

lakes 
(2006 - 2015)

Langtang Glacier
tributaries glaciers

Introduction Methods I II Outlook

- tributary glaciers and increased hydrological activity
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Langtang and tributary, May 2015
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- velocities and mean surface slope 
- smaller glaciers, higher variability in velocities
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~60 m downvalley  
movement
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~80 m downvalley  
movement
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Oct 2006
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Nov 2009
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Dec 2010
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Apr 2014
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May 2015
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Oct 2015

~ 100 m cliff recession
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Conclusions 

• no clear long term trend in numbers/area of ice cliffs and supra glacial lakes 

• strong seasonal variability for lakes and spatial heterogeneity for lakes and cliffs 

• surface velocities likely a good indicator of occurrence 

• theory of preferential exposition (towards the North) obvious on all glaciers 

• backwasting rates over multiple years correspond well with rates measured in 
the field during three seasons 

Future Plan 

• closer investigation of distribution and temporal change of different cliff and lake 
types 

• determine ice cliffs/lakes from freely available imagery (Landsat, Sentinel) -> 
machine learning with available high-res data

Introduction Methods I II Results I II III IV Outlook
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Supplementary Slides
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deposits on glacier surface

Ragettli et al., TCD, 2016
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