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“Left to Parker Ridge” ~ Randy Hayashi Paintings
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Applying the Variable Infiltration Capacity model
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Location of Glaciers in the Study Area

~ Randolph Glacier Inventory (RGI; Pfeffer et al. 2014) 



Modelling in Mountainous-Glaciated Basins
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VIC Limitations

1. No explicit treatment of glacier mass or 
glacier energy balance.

2. Naïve representation of sub-grid land cover 
and topographic variability.

3. No lateral fluxes between grid cells.

Adapted from 
Schnorbus et al. 2016



Implementing a Glacier Mass Balance Model in VICGL

The model estimates the rate of accumulation 
and ablation of glaciers, or mass balance, which 
serves two purposes:
1. To directly calculate ice melt contribution to 

runoff in VIC.
2. To act as a forcing to the (offline) dynamics 

model.

Adapted from 
Schnorbus et al. 2016



Glacier Mass and Glacier Energy Balance Model in VICGL
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𝐹𝐹 = 𝑆𝑆𝑖𝑖𝑖𝑖 1 − 𝛼𝛼 + 𝐿𝐿𝑖𝑖𝑖𝑖 + 𝐿𝐿𝑜𝑜𝑠𝑠𝑜𝑜 + 𝑄𝑄𝑠𝑠 + 𝑄𝑄𝐿𝐿 + 𝑄𝑄𝑠𝑠 = 𝑄𝑄𝑚𝑚 + 𝐺𝐺
where:
Sin = incoming solar radiation
Lin = incoming longwave radiation
Lout = outgoing longwave radiation
Qs = sensible heat
QL = latent heat

Tsurf = glacier surface temperature
pi = density of ice
ci = heat capacity of ice
α = glacier albedo

Qr = heat advected from rainfall
Qm = energy for ice melt
G = glacier heat flux
Ls = latent heat of sublimation
Lm = latent heat of melt
dsurf = thickness of glacier surface layer

Predominantly based on model of Klok and Oerlemans (2002):

7Adapted from 
Schnorbus et al. 2016



𝑅𝑅 = 𝑃𝑃 − 𝐸𝐸 − ∆𝑆𝑆𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠 − ∆𝑆𝑆𝑠𝑠𝑖𝑖𝑜𝑜𝑠𝑠
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8Adapted from 
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VIC  VICGL

1. No Explicit treatment of glacier mass or 
glacier energy balance.

2. Naïve representation of sub-grid land cover 
and topographic variability.

3. No lateral fluxes between grid cells.

Adapted from 
Schnorbus et al. 2016



Refactoring VIC to VICGL: from Bands to HRUs

Adapted from 
Schnorbus et al. 2016



VIC  VICGL

1. No Explicit treatment of glacier mass or 
glacier energy balance.

2. Naïve Reasonable representation of sub-grid 
land cover and topographic variability.

3. No lateral fluxes between grid cells.

Adapted from 
Schnorbus et al. 2016



The Regional Glaciation Model – Clark et al. 2016



The Regional Glaciation Model – Clark et al. 2016

Clarke, G. K. C., Jarosch, A. H., Anslow, F. S., Radic, V., and Menounos, B.: Projected 
deglaciation of western Canada in the twenty-first century, Nat. Geosci., 8, 372–377, 2015.

VICGL
Historical 
Gridded

Observations 
(TPS)

BCCAQ 
Downscaled

CMIP5
GCMs



VICGL HydroConductor RGM

VICGL RGMHydroConductor from VICGL to RGM
- VIC grid cell to RGM grid cell 
remapping

RGM requires
- Surface DEM
- Bed DEM
- Mass balance

RGM produces
- An updated surface DEM 

HydroConductor from RGM to VICGL
- Turns this updated glacier mask into 

updated HRUs for VICGL by modifying 
the:

- State file
- Vegetation Parameter file
- Snow Band file

Run 3 Hourly with 
Daily Output

Run Monthly with 
Annual Output



VIC  VICGL

1. Explicit treatment of glacier mass or glacier 
energy balance.

2. Reasonable representation of sub-grid land 
cover and topographic variability.

3. Lateral ice fluxes between grid cells.

Adapted from 
Schnorbus et al. 2016
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RESULTS



Thank you
https://github.com/pacificclimate

www.pacificclimate.org

wernera@uvic.ca

“Left to Parker Ridge” ~ Randy Hayashi Paintings

http://www.pacificclimate.org/
mailto:wernera@uvic.ca
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