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IHCAP – Indian Himalayas Climate Change Adaptation Programme

Capacity building programme “Cryosphere” Level-2 (Jan 5 – Feb 13, 2015)

Melt modeling:
Temperatur-index models vs.

Energy balance models

Andreas Linsbauer

(slides: modified from R. Hock)
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How to model melt ?

• 1. Physically based energy-balance models: 
each of the relevant energy fluxes at the glacier surface 
is computed from physically based calculations using 
direct measurements of the necessary meteorological 
variables

• 2. Temperature-index or degree-day models:
melt is calculated from an empirical formula as a function 
of air temperature alone
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Melt Modelling
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Mass balance models
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Temperature-index melt models
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Temperature-index melt models
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Physical basis of temp-index models

• Longwave incoming radiation (L↓) is the largest
contribution to melt (~70%)
(Ohmura, 2001: Physical basis of temperature-index models)

• L↓ has low variability compared to other fluxes
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Spatial variability of degree-day factors
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Degree-day factors [mm/day/K]
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Modified temperature-index model
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Modified temperature-index model
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Distributed temp-index model
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Spatial paterns of hourly melt rate (mm w.e. h-1)
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Spatial paterns of hourly melt rate (mm w.e. h-1)

S
lid

e
s:

 m
o

d
ifi

e
d

fr
o

m
R

. H
o

ck
IH

C
A

P –
Indian H

im
alayas C

lim
ate C

hange A
daptation Program

m
e: Level-2 course

15Melt Modeling A. Linsbauer, 21.01.2015

Simplified energy balance model
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Temperature-index versus energy balance
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Model comparison
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Summary

• Both temp-index and energy balance models are useful 
tools, choice depends on data availability

• Awareness of limitations 

• Need for more approaches of intermediate complexity 
and moderate data input

• Both temp-index and energy balance models need 
calibration (parameter tuning)
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