
GLOBAL WARMING SPELLS DISASTER FOR 
TROPICAL ANDES GLACIERS 

 
 
As components of the global cryosphere, mountain glaciers are known for their high sensitivity 

toclimate change. Glaciers are the result of solid precipitation and reflect its variability from one 

year to the next. The ablation process – by which glaciers lose snow and ice, converting it into 

water and vapor – depends directly on the energy balance at the surface. Therefore, the 

processes of accumulation and ablation are the physical link between glaciers and climate, 

which explains why these ice bodies are such valuable tracers of climate variability on the scale 

of decades and centuries. 

How do glaciers work in the tropics? 

In early 2000, glaciers in the tropics covered a total of approximately 1,900km², with 98% in the 

Andes between Colombia and Bolivia, predominantly in Peru (70%) and Bolivia (20%). Despite 

their small global volume – equivalent to less than 0.3mm of sea level rise – these glaciers are 

important for two reasons. First, they are excellent indicators of climate trends and variability – 

definitely the best indicator in the tropical zone. Second, they play a significant role in hydrology 

and water resources such as fresh water, power generation and irrigation. My main contribution 

since 1991 has consisted in achieving a network of permanently monitored glaciers, through 

which the evolution of these glaciers is analysed and the future of the water resource modelled. 

This effort was conducted by the French research institution IRD, and a small team of French 
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researchers within the framework of a straight cooperation with several Andean institutions in 

each country. 

Tropical glaciers have experienced a strong decline in recent decades. However, going back 

several centuries and reconstructing the entire process of glacier shrinkage from the “little ice 

age” – the last glacial maximum occurred in this part of the Andes between the 17th and 18th 

centuries – Andean glaciers began to retreat around AD1730-50. However, glacier depletion 

has increased dramatically in the second half of the 20th century, especially after 1976. We can 

claim that in recent decades the glacier recession moved at a rate unprecedented for at least 

the last three centuries – in 30 years, they have lost between 35% and 50% of their area and 

volume. 

Small glaciers are the most vulnerable, and are disappearing. The consistency of this signal 

back from Colombia to Bolivia shows the homogeneity of the change in these low latitude 

mountains. The atmospheric warming is the factor that can best explain this consistency, up to 

~0.7°C since 1950 and more marked since 1976, while the trend in precipitation is much less 

homogeneous over this area and is affected by a significant decadal variability. Regionally, the 

tropical Pacific – through the ENSO (El Niño Southern Oscillation) and the PDO (Pacific 

Decadal Oscillation) modes – controls most of this variability. The significant increase in the 

frequency and the intensity of warm El Niño events between 1976 and 2007 were partly 

responsible for the glacier depletion process, combined with global warming. 

The energy balance at the glacier surface shows that the greatest energy available to melt ice 

comes from the radiative balance. The increasing atmospheric temperature observed at 

elevations of 5,000m and more cannot melt ice directly, but change the nature of precipitation. 

Indeed, due to the rise of the freezing line, the snow-rain limit is moving to a higher elevation. 

This prevents a long-lasting snow cover with a high reflectivity to form and protect the glacier 

surface. Consequently exposed to the radiation influx – particularly strong in the tropics at high 

elevation – glaciers melt at high rates. 

It is obvious that the glacier retreat has begun to affect water resources – however, the issue is 

complex. On the one hand, the decrease in ice reserves increases the availability of the 

resource, but otherwise, reserves diminish when the ice masses are reduced too much. The 

continued deterioration of glaciers will also have inevitable consequences in the high basins – 

not only on water resources, but also undoubtedly on ecosystems connected to ice masses. 
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