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Mountain Glaciers

https://edu.oggm.org/en/latest/glacier_basics.html



Glacier surface 



Accumulation

https://edu.oggm.org/





Accumulation processes
processes that add snow or ice to a glacier (surface)

•Solid precipitation (snowfall)
•Snowfall varies substantially with latitude and altitude. Primary factors determining snowfall rates are:

• Water vapor content governed by the Clausius-Clapeyron-relationship: the warmer the air, the 

more water it can hold and hence the more precipitation can form

• Stratification of the atmosphere: a subfreezing layer in the lower atmosphere is required for 

precipitation to reach the ground in solid form

• Cooling rate: high snowfall rates occur where snow is rapidly cooled, e.g. in frontal systems or via 

orographic lifting

https://en.wikipedia.org/wiki/Clausius%E2%80%93Clapeyron_relation#Applications


Accumulation processes

Redistribution by wind and avalanching

• Accumulation differs from snowfall due 

to winds advecting snow over a glacier 

surface - the interaction between wind 

and the topography. 



Accumulation processes

Avalanches may accumulate unusually large amounts of snow in 

favorable zones. Particularly important for mountain glaciers in 

steep valleys.



Accumulation processes

Refreezing of meltwater

• Can either occur at the glacier surface or inside the glacier body, 

where it is commonly called englacial or internal accumulation.

Deposition

• Deposition refers to processes directly accumulating water or 

water vapor to the glacier surface, i.e. freezing rain and 

resublimation.



Ablation

https://edu.oggm.org/



Ablation processes
processes that remove snow or ice from a glacier

Melt and runoff

• Melt and runoff account for most glacier mass

loss and are driven by the net energy imbalance 

between the atmosphere and the glacier surface. 

• The most important contributors are the net radiation and the 

turbulent fluxes of sensible and latent heat.

• Once the temperature of the glacier surface is at the melting 

point, melt rates increase in proportion to the net energy flux.



Ablation processes

Sublimation

• Direct transition of snow and ice to water vapor 

• Dominant source of mass loss in environments where surface 

temperatures hardly reach the melting point

• Sublimation increases with increasing surface temperature 

and wind speed and with decreasing humidity



Ablation processes

Calving

• Separation of ice blocks from a glacier’s margin

• Occurs at margins of glaciers that stand or float in water. 

• Calving of glaciers terminating in the ocean, tidewater glaciers, 

accounts for more than 90% of the ablation from Antarctica and 

about half of the ablation from Greenland. 







Ablation Accumulation Mass Balance ( ሶ𝒃) =+



Glacier Mass Balance

https://edu.oggm.org/



Ice velocity (flux) – continuity equation

𝝏𝑯

𝝏𝒕
= ሶ𝒃 − 𝜵 ∙ 𝒒

𝑯 = ice thickness
ሶ𝒃 = mass balance
𝒒 = ice flux

The driving force of this ice flow is gravity

https://edu.oggm.org/



Equilibrium Line Altitude (ELA)

https://edu.oggm.org/



ELA decrease

https://edu.oggm.org/



Glacier Advance

https://edu.oggm.org/



ELA increase – today’s scenario



Glacier retreat

https://edu.oggm.org/



Satellite detection

Illecillewaet 2015
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Landsat 8 image,

Columbia Ice Field 2015



Airborne Laser Scanning (ALS or LiDAR)

• LiDAR: Light detection and ranging

• Uses light in the form of a pulsed laser to measure 
ranges (variable distances) to the Earth

• Laser scanner (range) + GPS (location)

• Typically around 1-2 laser shots per m2

• Produce a point cloud of samples (x,y,z)

• DEM is generated from the point cloud

















Motivation

• Water resources:

• How fast are 
glaciers melting?

• How much runoff 
are they producing?

• How much snow is 
at high elevation?
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Surface energy balance

• QM (energy available for melting)

• Incoming shortwave (Si) 

• reflected shortwave (Sr) 

• incoming longwave (Li) 

• Outgoing longwave (Lo)

• Turbulent fluxes of sensible and latent 

heat (QH and QL)

• Rain heat flux (QR)

• Ground heat flux (QG).



Surface energy balance



Degree day models

• Technique using air temperature to estimate the amount of melt on a glacier.

• Assume an empirical relationship between melt rates and air temperatures 

(Positive Degree Days), and this empirical relationship (the Degree Day Factor) 

varies from glacier to glacier. 

• Work well because air temperature data are readily available, and they perform 

well despite their simplicity. 

Melt is a function of temperature! 



Degree day models

M = KI PDD + KS PDD

Parameter Symbol Units

Melt (depth of snow melted) M mm w.e.

Positive degree day sum per year PDD °C a-1

Degree day factor KI and KS (for ice and snow) mm w.e. d-1 °C-1

Melt is a function of temperature! 



https://wgms.ch/



Anthropogenic glacier mass loss

• From 1851 to 2010, only 25 ± 35% of the global glacier mass loss during the 

period is attributable to anthropogenic causes. 

• From 1991 to 2010, the anthropogenic fraction increased to 69 ± 24%.

Marzeion et al. (2014)



Hands on Glacier Modeling

https://edu.oggm.org/en/latest/



What else would you like to know?
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