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ULYANA NADIA HORODYSKYJ

The Ngozumpa is one of the giant glaciers of the Nepal Himalaya, snaking 
southwards from Cho Oyu. Its debris-covered surface is a familiar sight for 
climbers and trekkers heading up the Gokyo valley in the Khumbu – and on 
each visit there seems to be less of it. Some 20km from Cho Oyu, towards the 
snout of the glacier, an enormous lake is growing behind a wall of rock debris; 
called ‘Spillway’ the lake has the potential to be about 6km long, 1km wide 
and 100m deep. The threat of downstream flooding may not be immediate but 
the dynamics of the surface lakes need to be better understood. In this prelimi-
nary report researcher Ulyana Horodyskyj from the Cooperative Institute for 
Research in Environmental Sciences (CIRES) at the University of Colorado, 
Boulder, details attempts to monitor the lakes of the Ngozumpa.

The formation and evolution of supraglacial (surface) lakes constitutes a 
major catalyst for removing ice stored in debris-covered valley glaciers. 

Hitherto their contribution to ice loss has been conjectural and largely 
qualitative. The lakes contribute to the demise of debris-covered glaciers 
that would otherwise be insulated from solar melt processes (due to the 
thickness of the debris) through the development of bare ice vertical walls 
that migrate, typically northward, from melting, backwasting and collapse 
(eg, Benn et al, 2001; Sakai et al, 2002; Sakai et al, 2000). The ponded 
lakes, once formed, can lead to catastrophic mobilization (flooding) at 
the vulnerable villages downstream. They also contribute to major loss of 
water (volume) from the glacier. It is important that we not only use satel-
lite and aerial imagery in our analyses of these glacial lakes, but ‘boots on 
the ground’ tactics, as well as oblique angle, real-time imagery of lake proc-
esses, to better understand the causes of on-going events and to develop 
models which can forecast future changes. 

Our pilot study (June 2011) on the Ngozumpa glacier revealed that 
multiple fill/drain events occur in lakes during the melt season (Horo-
dyskyj et al, 2011). Time-lapse imagery focused at an oblique view and 
taking one photo per hour (Fig 1), allowed us to quantify water inputs and 
outputs in realtime during the course of the melt season. This reveals that 
satellite imagery may alias the net loss from the system by at least a factor 
of two, and perhaps by an order of magnitude, especially given that they 
consist of ‘snapshots’ spaced months or years apart. 

Ngozumpa is one of Nepal’s largest and longest glaciers, flowing 25 kilo-
metres from Cho Oyu (8201m) and Gyachung Kang (7952m). Its lower 
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153. The grey, debris-covered Ngozumpa glacier dwarfs the trekker lodges of Gokyo. 
Everest, Nuptse and Lhotse loom in the background. (Stephen Goodwin)

6 kilometres are considered ‘stagnant’, moving at <10 m/yr (Quincey et 
al, 2009). This is where most of the supraglacial lakes are concentrated, 
including ‘Spillway’ lake, the growth and expansion of which has been 
documented by Thompson et al, 2012. This lake has the potential of 
growing into one of the largest glacial lakes in the Khumbu Himal region.

Three cameras were installed along the mid-ablation (melting) zone of 
the glacier in order to target different lake expansion and growth proc-
esses. Rcam was installed near the terminus (end of the glacier) in order 
to observe lake changes due to monsoonal (precipitation) inputs. The lake 
was seen to double in surface area in only two weeks’ time and change in 

154. Figure 1: Installation of a time-lapse camera off the lateral moraine of 
Ngozumpa glacier, Nepalese Himalaya. (Ang Phula Sherpa, Peak Promotion)
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155. Figure 2: Four photos 
selected from the more than 
400 images obtained during 
the field season show a time-
lapse progression of lake 
fill (A. 6/22), drain (B. 6/23), 
continued drain (C. 6/24) and 
refill (D. 6/29). Arrows in B and 
C point to top of ice-water line.

colour from milky blue to brown, due to the mobilization of sediment on 
the glacier’s surface. Future imagery, in the form of time-lapse and satel-
lite imagery will reveal if the lake remains the same size, shrinks, or grows 
significantly larger.

A second camera, Dcam, was installed to observe a supraglacial lake that 
historically (through ASTER satellite imagery and field studies) has fluctu-
ated significantly in area (Benn et al, 2000; 2001). During the melt season, 
the camera captured oblique-view imagery of a fill, drain and refill event 
during the course of a single week (Fig 2). For the first week water levels 
remained relatively constant. On 22 June the lake level began to rise signifi-
cantly (~3 m, preceded by a ~1 m rise on June 21). We consider it probable 
that this rapid increase in water volume resulted from downhill flow via an 
englacial conduit. By the morning of 23 June, this water level had not only 
drained to its earlier level (Fig 3) but continued to fall the following day, 
resulting in an eventual loss of former lake volume by ~55,000 m3, and a 
total loss of 105,000 m3 to the downstream fluvial system. Five days later, 
by 29 June, the day of our departure from the glacier, the lake regained 
half of the volume it had lost (water level rose to where it had been on 
June 23). It is unknown whether this was an isolated event, or the start of 
a sequence that recurred throughout the summer season. We are awaiting 
a mid-February download that will provide a photographic record of the 
entire melt season. 

Finally, a third time-lapse camera (Ucam) monitored a lake with vertical 
walls that primarily fills from calving inputs (Fig 4). To quantify the timing 
and frequency of calving and the resulting changes in lake water level we 
used a pressure transducer immersed in the lake with millimetre measure-
ment precision and a 5-minute sample interval. We discovered that large 
calving events tended to occur preferentially in late morning. This lake is 
known to have completely drained in 2000 (Benn et al, 2001) but has been 
gaining volume steadily since then. 

The project is currently in need of funding. Hopefully by the time this 
report is published we will have been able to return to the field in May 
2012. The visit is important for project continuity. We intend to check on 

156. Figure 3: Amount of lake drain is clearly seen from the water ‘high mark’ 
just a day earlier. 23 June 2011. (Ang Phula Sherpa, Peak Promotion)
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157. Figure 4: After a massive ice calving event on a supraglacial lake.  
(Ang Phula Sherpa, Peak Promotion)

current cameras, install a few more at higher elevation, to get an ‘overview’ 
look of the glacial lakes, and to conduct a field survey of ‘Spillway’ lake 
to determine how much it has expanded and deepened in recent years. If 
we can quantify this then we can gain a better understanding of its future 
growth and flooding potential. 

References
Benn. D.I., Wiseman, S., and C.R. Warren, 2000, Rapid growth of a supraglacial lake, 
Ngozumpa Glacier, Khumbu Himal, Nepal, IAHS Publ. 264, 177-185.
Benn, D.I., Wiseman, S., and K.A. Hands, 2001, Growth and drainage of supraglacial 
lakes on the debris-mantled Ngozumpa Glacier, Khumbu Himal, Nepal, Journal of 
Glaciology, 47, 626-638.
Horodyskyj, U.N., Breashears, D. and R. Bilham, 2011, Feeling the Heat: Supraglacial 
Lake Changes as Observed at Ngozumpa glacier, Nepal, AGU Fall Meeting, abstract 
C53D- 0705.
Quincey, D.J., Luckman, A., and D. Benn, 2009, Quantification of Everest-region 
glacier velocities between 1992 and 2002, using satellite radar interferometry and feature 
tracking, Journal of Glaciology, 55, 596-606.
Sakai, A., Nakawo, M., and Fujita, K., 2002, Distribution characteristics and energy 
balance of ice cliffs on debris-covered glaciers, Nepal Himalaya, Arct. Antarct. Alp. Res., 
34, 12–19.
Sakai, A., Takeuchi, N., Fujita, K., and Nakawo, M., 2000, Role of supraglacial ponds 
in the ablation process of a debris-covered glacier in the Nepal Himalayas., IAHS Publ., 
264, 119–130.
Thompson, S., Benn, D.I., Dennis, K., and A. Luckman, 2012, A rapidly growing 
moraine dammed glacial lake on Ngozumpa Glacier, Nepal, Geomorphology, 145, 1-11.

STEPHEN GOODWIN

On The Road to a Greener Alps

209

Glacier retreat may be old news but it still has the capacity to shock. 
Hiking off the Morteratsch glacier in June last year I came to the 

point where the snout of this leviathan would have rested at the time of 
my birth in 1949. Where then there would have been an ice cliff and a 
silty stream issuing from beneath it to run through bare stones there were, 
instead, mature larches, thickets of alder, grasses and alpine flowers.

I had stepped off the ice nearly half an hour earlier, a full 1.5km up the 
valley. It’s a sobering business measuring one’s years by glacier retreat, 
almost like seeing your life in geological time. And there’s little comfort in 
the knowledge that in this instance what is so extraordinary is not one’s age 
but the speed at which the Morteratsch is disappearing.

Many of you will know the Morteratsch glacier. It grinds northwards 
to the Swiss Engadine from between Piz Bernina, the most easterly 4000-
metre peak in the Alps, and Piz Zupo (3966m) on the border with Italy. 
Climbers on the Biancograt, the classic snow arête to Bernina’s 4049-metre 
summit, can look down on the infamous ‘Labyrinth’; for ski-mountaineers, 
the name of this contorted icefall says it all. The crevasse jumping there can 
be heart stopping.

But to return to those measurements: a special feature of the Morteratsch 
valley is that since 1900 signs have been erected at 10-year intervals at the 
foot of the glacier snout, or tongue in direct translation of gletscherzunge. 
The latest sign went up in 2010, recording a retreat of 2185 metres since 
1900. Even with my slender grasp of arithmetic it was obvious that the pace 
is literally hotting up, more than 300 metres less glacier than at the turn of 
the millennium compared to die backs of only around 100m in each of the 
early decades of the 20th century.

Calculating the loss of mass of the Morteratsch is beyond me, suffice 
to say that the moraine walls to either side of the glacier appeared vastly 
higher than on my last visit some 20 years previously and the Boval hut 
is now so far above the ice that the detour was just not worth the effort, 
welcome though a beer would have been on that scorching day. Where 
the Pers glacier flows in from beneath Piz Palü, a junction once of ice has 
crumbled to grey cliffs and cascades of melt water.

None of this should have surprised me; even if I hadn’t observed partic-
ular instances over many years – notably all those extra ladders to climb 
to the Concordia hut – glacier retreat in the Alps is a phenomenon well 
recorded and extensively publicised. Seeing it so ‘in your face’ – chunks 
of the Pers collapsing before one’s eyes and willow herb and alder where 


