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Glacier mass 
change: A 

global 
overview 
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① Why study glacier mass changes (ice cap, 
icefield and mountain glaciers) 

② Which regions matter for water resources 
③ Which regions matter for SLR 
④ Regional overview of mass changes 
⑤ Current controversies and uncertainties  

Overview 
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•  Water resources 
•  Energy generation 
•  Sea level rise 
•  Climate proxy 

Why study glacier mass changes? 
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Where is the ice located? 

Gardner et al., in prep. 

? 

? 

? 
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Where is the ice located? 

Gardner et al., in prep. 

? 

? 

? 
Region Area [km2] 
Arctic Canada 145887 
Antarctic and Subantarctic 132900 
Central Asia 120160 
Alaska 90641 
Greenland 88176 
Russian Arctic 51789 
Southern Andes 34260 
Svalbard 33838 
Western Canada and US 14505 
Iceland 11059 
Low Latitudes 5040 
Scandinavia 2852 
North Asia 2821 
Central Europe 2061 
New Zealand 1165 
Caucasus and Middle East 1100 
TOTAL 738254 
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Glaciers and water resources 
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Potentially important regions for water resources 

Kaser, et al., (2010), PNAS. 

precip 
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% of precip that is seasonally delayed 

Red line = maximum of the monthly percentage 
of total water input into the basin that 
experiences seasonally delayed release by the 
glaciers (MMP).  

Grey bars = Population impact index (PIX) as the 
product of the MMP and population in each altitude 
band 
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Potentially important regions for water resources 

Kaser, et al., (2010), PNAS. 

red lines = maximum of the monthly percentage of total water input into the basin that experiences seasonally 
delayed release by the glaciers (MMP) 
Grey bars = Population impact index PIX 
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•  seasonally delayed glacier contribution is largest 
where rivers enter seasonally arid regions and 
negligible in the lowlands of river basins 
governed by monsoon climates.  

•  strong human dependence on glacier melt is not 
collocated with highest population densities in 
most basins 
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Potentially important regions for water resources 
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Recent contributions to sea level 
rise from glacier 
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Volume area scaling 

Bahr, 1997 
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Potentially important regions for SLR 

Radić, V., and R. Hock (2010), J. Geophys. Res., 115(F1), F01010. 
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Recent Changes: Canadian Arctic 
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Credit: Bert Wouters, The Royal Netherlands Meteorological Institute 

Canadian Arctic: GRACE (2004-2009) 
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Gardner, et al. (2011), Nature, 473(7347), 357-360. 
Credit: Geir Moholdt, Scripps Institution of Oceanography 

700 m 

Canadian Arctic: ICESat (2004-2009) 
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Gardner, et al. (2011), Nature, 473(7347), 357-360. 

-  good agreement between 
methods 
-  2004-2006: 31 ± 8 Gt yr-1 

-  2007-2009: 92 ± 12 Gt yr 

-  Increased loss due to enhanced 
ablation resulting from warmer 
temperatures in summer 
-  Sensitivity: 64 ± 14 Gt yr-1 K-1 

-  No detectable drawdown of ice in 
marine-terminating glacier basins 
-  Calving: 5 ± 2 Gt yr-1 

-  Largest glacier contributor to sea 
level rise outside of the ice sheets 
during the period 2007-2009.  

 

North 

South 

Canadian Arctic: Summary 
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1963 to 2010 elevation change rate  
Gardner, A. S., et al. (2012), The Cryosphere Discuss., 6(2), 1563-1610 



20 
1963 to 2010 elevation change rate  
Gardner, A. S., et al. (2012), The Cryosphere Discuss., 6(2), 1563-1610. 
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Barnes Ice Cap 

Gardner, A. S., et al. (2012), The Cryosphere Discuss., 6(2), 1563-1610. 
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Recent Changes: Alaska 

Luthcke, et al. (2008), J. Glaciol., 54, 767-777. 

–84 ± 5 Gt a–1 
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Alaska: Updated results 

Updated to Luthcke, S. B., et al. (2008), J. Glaciol., 54, 767-777. 
Courtesy of A. Arendt, UAF 

-56.4 +/- 10.3 Gt yr-1  
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Updated to Luthcke, S. B., et al. (2008), J. Glaciol., 54, 767-777. 
Courtesy of A. Arendt, UAF 
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Recent Changes: Patagonia 

Ivins, E. R., et al. (2011), J. Geophys. Res., 116(B2), B02403. 
Chen, et al. (2007), Geophys. Res. Lett., 34(22), L22501. 

Ice Loss 2003-2009 = -26Gt yr-1 

GIA 2003-2009 = ~ +9 Gt yr-1 
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Recent Changes: Patagonia 

Willis, M. J., et al. (2012), Remote Sens. Environ., 117(0), 184-198. 

Velocity Elevation Change 

San Rafael 
Peak speed: 20 m/d 
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Recent Changes: Patagonia, San Quintin Glacier 
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Recent Changes: Russian Arctic 

Moholdt, G., B. Wouters, and A. S. Gardner (2012), 39(10), L10502. 

ICESat repeat-tracks with average elevation change rates (dh/dt) between 
October 2003 and October 2009 for glaciers in the Russian High Arctic. Glacier-
wide elevation changes are given under each of the three region names. 

•  9.1 Gt/yr 
•  80% from Novaya Zemlya 
•  20% from Franz Josef 
Land and Severnaya 
Zemlya 
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Russian Arctic: Academy of Sciences Ice Cap 

Moholdt, G., T. Heid, T. Benham, and J. A. Dowdeswell (2012), Ann. Glaciol., 53(60), 
193. 

•  Since 1988, the ice cap has lost 58Gt of ice [3% of its mass]  
•  The climatic mass balance close to zero 
•  terminus positions stable 
•  calving rate increased from 0.6 Gt a–1 in 1995 to 3.0 Gt a–1 in 2000–02 
•  decreased to 1.4 Gt a–1 due to a likely slowdown of the largest ice stream 
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Recent Changes: Svalbard 

Radić, V., and R. Hock (2010), J. Geophys. Res., 115(F1), F01010. 

•  low-elevation thinning 
•  high-elevation balance or thickening 
during 
•  Mass change −4.3 Gt/yr 
• The largest losses have occurred in the 
west and south,  
•  Northeastern Spitsbergen and the 
Austfonna ice cap have gained mass. 
•  summer season thinning in the west 

2003–2008 
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Glaciergate 

Public controversies involving  
glacier mass changes 

 
 

-CNN Glaciergate video- 
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Since Glaciergate: Mistake admitted  
Printing sponsored by:

 

Chairman of the Intergovernmental Panel on Climate Change (IPCC), Rajendra Pachauri prepares for a press
conference at the United Nations building in Bangkok. Photograph: Saeed Khan/AFP/Getty Images

Rajendra Pachauri, the head of the international body which produces key reports to
advise governments on climate change, today defended the use of "grey literature"
which is not published in scientific journals.

The Intergovernmental Panel on Climate Change (IPCC) has come under fire after a
high-profile mistake was exposed in its most recent assessment of the scale and impacts
of global warming — a claim the Himalayan glaciers would melt by 2035.

The claim came from a report by charity WWF and was based on remarks made by an
Indian scientist which were never published in a scientific, peer-reviewed journal.

The IPCC has said it regretted the mistake, revealed at the height of the row over climate
science which blew up amid efforts to secure a new global agreement to tackle rising
greenhouse gas emissions.

In a hearing today of the InterAcademy Council, an organisation of the world's science
academies which is conducting an independent review of the processes and procedures
of the IPCC, Pachauri described the inclusion of the glacier claim as "human failure"
which should not have happened.

But the IPCC's chairman said there was a need to use information which was not from

Sign into the Guardian using your Facebook account

Rajendra Pachauri says glaciers mistake
in IPCC report was 'human failure'
Head of Intergovernmental Panel on Climate Change admits error
but defends use of 'grey literature'

Press Association
guardian.co.uk, Friday 14 May 2010 08.10 EDT

Rajendra Pachauri says glaciers mistake in IPCC report was 'h... http://www.guardian.co.uk/environment/2010/may/14/rajendra-...

1 of 2 12-06-14 4:43 PM
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'Ice is at the cold heart of all our deepest global warming fears.' Photograph: Nick Cobbing/Greenpeace

Ice is the white flag being waved by our planet, under fire from the atmospheric attack
being mounted by humanity. From the frosted plains of the Arctic ice pack to the cool
blue caverns of the mountain glaciers, the dripping away of frozen water is the most
crystal clear of all the Earth's warning signals.

It relies on neither the painstaking compiling of temperature records back through
history nor the devilish complexity of predicting the future with supercomputers. Ice on
Earth is simply and unambiguously disappearing. Last week saw the annual summer
minimum of the Arctic ice cap, which has now shrunk to the lowest level satellites have
ever recorded. The ice at the roof of the human world is faring little better: mountain
glaciers are diminishing at accelerating and historic rates.

The lower glaciers are doomed. Kilimanjaro may be bare within a decade, with the
Pyrenees set to be ice-free by mid-century and three-quarters of the glaciers in the Alps
gone by the same date. As you climb higher, and temperatures drop, global warming will
take longer to erode the ice into extinction. But at the "third pole", in the Himalayas, the
ice is melting as evidenced by dozens of swelling milky blue lakes that threaten to burst
down on to villages when their ice dams melt.

The threat posed is far greater than even this terrifying prospect: a quarter of the world's
people rely on Himalayan meltwater, which helps feed the great rivers that plunge down
into Asia. The Yellow, Yangtze, Mekong, Brahmaputra, Ganges and Indus nourish

Sign into the Guardian using your Facebook account

Melting ice is Earth's warning signal –
and we cannot ignore it
From the Himalayas to the Arctic, the signs of danger are visible

Damian Carrington
The Observer, Saturday 24 September 2011

Melting ice is Earth's warning signal – and we cannot ignore it |... http://www.guardian.co.uk/environment/2011/sep/25/ice-melt-...

1 of 2 12-06-14 4:40 PM

HMA: losing ice at a fast rate ? 
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HMA: complex changes ? 
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Khumbu glacier in the Everest-Khumbu region, one of the longest glaciers in the world. Photograph: Subel
Bhandari/AFP/Getty Images

 Researchers are said to be shocked by a new study published in Nature that
has found the world's largest mountain chain, which stretches from the Himalayas to
Tian Shan on the border of China and Kyrgyzstan, has lost no ice over the past decade.

Scientists had previously claimed that climate change is causing a net loss of ice and
water from the glaciers and ice caps that straddle the Himalayas and other mountain
ranges around the world. As Damian Carrington's report of the study says:

The study is the first to survey all the world's icecaps and glaciers and was
made possible by the use of satellite data. Overall, the contribution of
melting ice outside the two largest caps – Greenland and Antarctica – is
much less then previously estimated, with the lack of ice loss in the
Himalayas and the other high peaks of Asia responsible for most of the
discrepancy.

Sign into the Guardian using your Facebook account

Are the world's glaciers threatened by
climate change?
A Nature study has shocked researchers by finding that the
Himalayas have lost no ice over the past decade. Leo Hickman,
with your help, investigates. Get in touch below the line, email
your views to leo.hickman@guardian.co.uk or tweet
@leohickman

10.27am:

Are the world's glaciers threatened by climate change? | Leo H... http://www.guardian.co.uk/environment/blog/2012/feb/09/glacie...

1 of 23 12-06-14 4:36 PM
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HMA: actually growing ? 

Scherler, et al. (2011), Nature Geosci, advance online publication. 

Printing sponsored by:

 

A part of the Karakoram mountain range reflected in a glacial lake. Photograph: David Bathgate/Corbis

The glaciers flowing between the towering peaks of the Karakoram range on the
Pakistan-China border have grown in size in the last decade, according to new research.

The impact of climate change on the ice in the greater Himalaya range has been
controversial because of an unfounded claim by the United Nations' climate science
panel over the rate of melting in the region. However the melting of vast volumes of ice
into the sea in most other parts of the world has been clearly demonstrated. In March,
scientists showed that far less ice was being lost across the Himalayas than had been
estimated from sparse ground surveys on the remote slopes.

The new study shows that glaciers in one important part of the mountain range are
growing. "We provide a detailed glacier-scale evaluation of mass changes in the central
Karakoram," said Julie Gardelle, at CNRS-Université Grenoble, who led the research
published in Nature Geoscience on Sunday. "In our warming world, there are regions of
the Earth where, for a few years or decades, the atmosphere is not warming or is even
cooling. So it is not really a big surprise that there are some regions where the
temperature is not rising and the Karakoram may be one of those."

The scientists used 3D altitude maps obtained from satellites in 2000 and 2008 to track
the changes in the glaciers. Prof Graham Cogley, of Trent University in Canada, who was

Sign into the Guardian using your Facebook account

Karakoram glaciers have grown over last
decade, new research shows
3D altitude maps captured by satellites show glaciers in part of
the greater Himalaya range are bucking the global trend of
continued ice loss

Damian Carrington
guardian.co.uk, Sunday 15 April 2012 13.00 EDT

Karakoram glaciers have grown over last decade, new research ... http://www.guardian.co.uk/environment/2012/apr/15/karakoram...

1 of 2 12-06-14 4:32 PM
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Very complex region: The verdict is still out 
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A chunk of the 5,200kg of ice, believed stolen from the Jorge Montt glacier, which was discovered by police in a
refrigerated truck. Photo: Fiscalia Regional de Aysen/EPA

Climate change sceptics have acquired a new explanation for why glaciers are retreating:
it's not global warming, it's theft.

Police in Chile have arrested a man on suspicion of stealing five tonnes of ice from the
Jorge Montt glacier in the Patagonia region to sell as designer ice cubes in bars and
restaurants.

Local media reported that last Friday police intercepted a refrigerated truck with an
estimated £3,900 worth of illicit ice allegedly bound for whiskies, rums and cocktails in
the capital Santiago.

Authorities have accused the driver of theft and are considering adding violation of
national monuments to the charge sheet.

Scientists say Jorge Montt, part of the Bernardo O'Higgins national park, is retreating
by half a mile a year, making it one of the world's fastest shrinking glaciers.

Environmentalists have cited it as evidence that man-made climate change is warming
the planet. Sceptics have cited other explanations for retreating glaciers, but theft –
until now – was not one of them. It may be the only case in which both sides agree

Sign into the Guardian using your Facebook account

Glacier thief arrested in Chile
Police hold man on suspicion of stealing five tonnes of ice from a
glacier in Patagonia to sell as designer ice cubes for cocktails

• In pictures: The world's melting glaciers

Rory Carroll, Latin America correspondent
guardian.co.uk, Wednesday 1 February 2012 18.25 EST

Glacier thief arrested in Chile | Environment | The Guardian http://www.guardian.co.uk/environment/2012/feb/01/glacier-thi...

1 of 2 12-06-14 4:37 PM

Something to think about 

LATIN AMERICA & CARIBBEAN
17 June 2010 Last updated at 05:27 ET

Can painting a mountain restore a glacier?

Slowly but surely an extinct glacier in a remote corner of the Peruvian Andes is being returned to its former colour, not
by falling snow or regenerated ice sheets, but by whitewash.

It is the first experimental step in an innovative plan to recuperate Peru's disappearing Andean glaciers.

But there is debate between those who dismiss the idea as just plain daft and those who think it could be a simple but brilliant
solution, or at least one which should be put to the test.

The World Bank clearly believes the idea - the brainchild of 55-year-old Peruvian inventor, Eduardo Gold - has merit as it was one
of the 26 winners from around 1,700 submissions in the "100 Ideas to Save the Planet" competition at the end of 2009.

Mr Gold, who has no scientific qualifications but has studiously read up on glaciology, is enthused that the time has come to put
his theory into practice.

Although he is yet to receive the $200,000 (£135,000) awarded by the World Bank, his pilot project is already underway on the
Chalon Sombrero peak, 4,756 metres above sea level, in an area some 100km west of the regional capital of Ayacucho.

The area has long been denuded of its snowy, white peaks.

Four men from Licapa, the village which lies further down the valley, don boiler suits and mix the paint from three simple and
environmentally-friendly ingredients: lime, industrial egg white and water.

The mixture which has been used since Peru's colonial times.

There are no paint brushes, the workers use jugs to splash the whitewash onto the loose rocks around the summit.

It is a laborious process but they have whitewashed two hectares in two weeks.

They plan is to paint the whole summit, then in due course, two other peaks totalling overall some 70 hectares.

'Cold generates cold'
Mr Gold may not be a scientist but his idea is based on the simple scientific principle that when sunlight is reflected off a white or
light-coloured surface, solar energy passes back through the atmosphere and out into space, rather than warming the Earth's
surface.

The US Energy Secretary, Steven Chu, has endorsed a similar idea using white roofs in the United States - possibly more

By Dan Collyns
BBC News, Ayacucho

BBC News - Can painting a mountain restore a glacier? http://www.bbc.co.uk/news/10333304?print=true
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