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Impact of the retreat of snow & glaciers in 
natural and human environments 

Valdivia, Chile 

CRYOSPHERE 

IPCC, 2007 
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IPCC, 2007 

Temperate ice 
(T=@ melting point) 

 

vs. 

 
Cold ice  
(T< melting point) 
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IPCC, 2001 

GLIMS 
WGMS 
NSIDC 

IPCC, 2007 

WGMS GLACIER LENGTH 
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30 YEARS 

10 METERS 

NATIONAL GEOGRAPHYC 

National 
Geographic, 
2007 

Glacier 
Mass  
Balance 

GLACIER MASS BALANCE 

GLACIERS in SOUTH AMERICA 

Area 
(km2) 

Venezuela Sierra Nevada de Mérida 0.1 Casassa (VICC 2010) 
Colombia 3 Cordilleras 48 Ceballos (VICC 2010) 
Ecuador Cordillera Occidental and Oriental 39.61 Cáceres (VICC 2010) 
Peru 20 Cordilleras 1,780 USGS, 1999
Bolivia 7 Cordilleras 534 IAHS(ICSI)-UNEP-UNESCO , 1989
Chile Northern Patagonia Icefield (NPI) 3,953 Rivera et al., 2007 
Chile/Argentina Southern Patagonia Icefield (SPI) 12,500 Skvarca et al. (VICC 2010) 
Chile North, central, southern Chile, 

Patagonia other than NPI & SPI, Tierra 
del Fuego

7,365 Rivera et al., 2008 & Rivera et al., 
2009

Argentina North, central, southern Argentina, 
Patagonia (other than SPI) 

2,000 Estimated from different published 
sources

Argentina Tierra del Fuego 19.6 Iturraspe et al. (VICC 2010) 
TOTAL PREVIOUSLY 29,347 km2 28,239

Country Region (s) References 

Casassa, 2010 
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GLACIERS IN SOUTH AMERICA: 28,239 km2  
(~10% of all mountain glaciers) 
*excluding glaciers in Antarctic Peninsula & Greenland 

Global Glacier Changes: facts and figures, UNEP-WGMS, 2009 

Glacier length 

Mass balance 

2009 
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Cayo Pelón, Venezuela 

Sea level rise contributors: Comparison of volume (white), area (grey) and percent 
contribution to sea level rise (red) by small glaciers and ice caps, and the Greenland and 
Antarctic Ice Sheets. Image courtesy (Meier et al., 2007). www.nsidc.org 
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Salomon et al., 2009, 
PNAS 
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Steffen et al. 

Univ. Colorado 

Greenland moulin 

WATER 
RESOURCES 

CLIMATE WARMING & 
GLACIER RUNOFF 
i.  1st stage: ELA rise, 

increased runoff. glacier melt 
mainly by thinning (albedo 
feedback relevant) 

ii.  critical point: reached after 
relevant glacier shrinkage & 
ELA reaches the upper areas 

iii.  2nd stage: glacier melt no 
longer able to sustain runoff 
& runoff decreases to base 
level after glacier disappears  

 

Job 6:17  When they (snow & ice) become 
warm, they go away; when it is hot, they 
vanish out of their place. 
Job 6:17  <las aguas de deshielo> que al 
tiempo del calor se secan, y al calentarse 
desaparecen en su cauce. 
 

Casassa et al., 2009 

Response of Hofsjökull, Iceland, 
to climate change. 
Aoalgeirsdottir,JGR, 2006 
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ECHAURREN NORTE GLACIER 
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DGA 2010 
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Escenario Estación T°C pp% 
A2 DEF 5 25-50 
A2 MAM 4-5 100 
A2 JJA 3-4 100 
A2 SON 2-3 50-70 
A2 ANUAL 4.0 75 
B2 DEF 3-4 25-50 
B2 MAM 3-4 100 
B2 JJA 2-3 100 
B2 SON 1-2 50-70 
B2 ANUAL 3.0 75 

 

FUTURE CLIMATE PROJECTIONS 
for ECHAURREN GLACIER 

DGF, UCh, CONAMA, 2006 
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Q	  hielo

1 x 0,5 
2 y 0,03 
3 KHielo 0,5 
4 KNieve 0,5 
5 KLento 0,2 
6 AHielo (sucio) 4,1 
7 AHielo (limpio) 3,4 
8 ANieve (sucia) 2,4 
9 ANieve (limpia) 1,9 

 
CECs-DGA, Estrategia 
Nacional de Glaciares, 2008 
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Peña, H. and 
Nazarala, B. (August 
1987)"Snowmelt-
Runoff Simulation 
Model of a Central 
Chile Andean Basin 
with Relevant 
Orographic Effects." 
Large Scale Effects 
of Seasonal Snow 
Cover: Proceedings 
of the Vancouver 
Symposium. IAHS 
Publ. no. 166.  

67% glacier runoff 
contribution to 
Maipo River at the 
end of the summer 
during extremely dry 
years   
(Peña & Nazarala, 1987) 

Carrasco et al., 2008) 

Joyce, 2010 

Policy Forum, Science, 319, 573-574, 2008 

COLLAPSE OF WATER STATIONARITY.  
NEED TO CONSIDER CLIMATE CHANGE! 
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EOS, Vergara et al., 2007 

ENLARGEMENT OF GLACIAL LAKES & 
GLACIAL LAKE OUTBURST FLOODS (GLOFs) 
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2010 

http://www.grida.no/publications/high-mountain-glaciers/ 

HOLLIN & SCHILLING (1981)  

RIGNOT ET AL. (2003) 
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LAKE 
CACHET II 
More than 10 
large GLOFs 
since April 
2008 

LAKE CACHET II 

Photo: Jonathan Leidich 
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Photo: Jonathan Leidich 
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2008/2009: verano  
más cálido desde 1915 

La temperatura máxima alcanzó este 
verano pasado  30.6°C, como promedio 
de la estación de verano. El valor medio 
histórico es de 28.9°C, es decir, 
representa  un calentamiento del aire 
1.7°C mayor que el valor medio 
histórico. La zona centro-sur, entre 
Curicó y Temuco, también se 
caracterizó por presentar unos de los 
veranos más cálidos en los últimas 5 
décadas. Los promedios de la 
temperatura máxima fueron 30.7°C en 
Curicó, 29.7°C en Chillán y 26.1°C en 
Temuco, representado así una 
anomalía térmica  que superó en casi 
2°C el promedio histórico.  DMC, 2009 

2003 SUMMER 
HEAT WAVE IN 
EUROPE 

IPCC, 2007 

  
 

                                                                           

Thawing of frozen ground 

Thawing of frozen soil and rock in high-mountain 
areas can produce slope instability and rock 
falls. A reported case linked to warming is the 
exceptional rock fall activity in the Alps during 
the 2003 summer heat wave, when the active 
layer in the Alps deepened significantly, by 30% 
to 100% of the depth measured before the heat 
wave (Gruber, 2004, permafrost; Schär, 2004, 
role; Noetzli, 2003, permafrost).  

The number of travel days for oil 
exploration on Alaskan tundra has been 
decreasing over recent decades as the 
opening dates come later and the 
closing dates come earlier (ACIA 2003) 
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OECD, 2007 
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IPCC, 2007 

Falvey & Garreaud, JGR, 2009 

Regional cooling  
in a warming world 
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0°C isotherm altitude 

Carrasco et al.,  J. Glac., 2008 
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Carrasco, Casassa & Quintana, 2005 

Ascenso de la línea de nieves – línea de equilibrio 

1950-2000 

Carrasco et al.,  
J. Glac., 2008 

Precipitation  
Central Chile 
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Warming 'opens 
Northwest Passage'  
The most direct 
shipping route from 
Europe to Asia is 
fully clear of ice for 
the first time since 
records began. 
14 Sep 2007 

Meier et al., 2008 

Arctic Region 
Human Systems 

  

• Warming is disrupting indigenous hunting and food sharing as reduced sea ice causes 
the animals on which they depend to decline.   

• Roads are sinking into melting permafrost, or being inundated by rising seas 

• Reduced sea ice is a causing increases in coastal erosion.  

ACIA 2004 

Risks to Unique and  
Threatened Systems 

NARA, 2005 
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Summary: The sanctuary Señor de la Estrella 
de Nieve (Star of Snow Lord -Qoyllur Riti) is 
located 4700 meters above sea level, in the 
Vilcanota Range of the Peruvian Andes. The 
festivity of Qoyllur Ritti is one of the most 
important mountain pilgrimages in the modern 
Andean world, congregating thousands of native 
Quechuas devotees every year, in late May or 
early June. The pilgrims engage in austerities 
such as purification by water, ritual dancing, 
whipping and ice climbing, in addition to 
completing a procession of over 30 kilometers on 
abrupt mountain terrain. Ritual activities also 
involve the presentation of offerings to the 
mountain spirits, as well as collecting sacred ice, 
which is believed to have healing properties. 
Based on the participant observations by the 
author, this paper studies the festivity of the 
Estrella de Nieve (Star of Snow), analyzing its 
ritual and symbolic elements (of probable ncient 
origin) which seem to echo some aspects of the 
ceremonies performed by the Inca civilization five 
centuries ago. 

QOYLLUR RITI: ETHNOGRAPHY OF A RITUAL PEREGRINATION OF INCA ORIGIN 
IN THE HIGH MOUNTAINS OF  SOUTHERN PERU 
M.C. Ceruti. 2007. Scripta Ethnologica, Vol. XXIX, 9-35. 

Mount Colquepunku 

Air temp. N of 65ºN 

NH sea ice 

NH frozen ground 

NF snow cover 

Global glacier 
mass balance 

SH sea ice 

Air temp. S of 65ºS 
IPCC. 2007 
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1.  A significant melting and reduction of all cryospheric components has 
been observed globally, including snow, ice and frozen ground. 

2.  The present glacier retreat is unprecedented within the last 1000 
years and cannot be explained by natural climate variability or by 
glacier dynamics, it is in fact largely due to warming driven by the 
anthropogenic greenhouse effect. 

3.  In turn the snow and ice retreat is producing relevant impacts in the 
environment, water resources, in indigenous livelihoods in the Arctic, 
and in human activities such as sport and tourism in alpine areas. 

4.  Future warming scenarios will result in an amplification of all these 
effects, leading possibly to major impacts such as reduced polar/high 
altitude species, destruction of infrastructure in permafrost terrain, 
destructive rock avalanches, increased glacial lake outburst floods, 
short-term increase in glacial runoff and long-term decrease of snow 
& ice runoff. Critical natural feedbacks can be severely enhanced as 
well due to global warming, such as the albedo feedback and the 
carbon release to the atmosphere from permafrost storage. 

CONCLUSIONS 


