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From Processes to Parameterization

field observation

Q

physically-based model

Q

Storage

grid-scale functionriver-basin model



Opabin Sub-Watershed in Lake O’Hara Basin
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Nuclear Magnetic Resonance Imaging
Blue colour indicates water molecules

Lehmann et al. (2011. J. Geophys. Res., in press)

bedrock surface

(seismic imaging)



Opabin 

Glacier

Spring

Opabin Lake

Ground-Penetrating Radar



Bedrock Surface Map from Radar Data
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Emerging Conceptual Model

Langston et al. (2011, Hydrol. Process. 25: 2967)



Talus Covers 25 % of Opabin Watershed.
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Diurnal fluctuations, peaking in early evening.

19:00

Half life (l1/2) of exponential decay < 1 day.
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Hillslope Flow in Unconfined Aquifers
Brutsaert (2005) Approximation: Kinematic Wave

 sinsin Ky
dx

dy
KyQ 










Q: flow per unit width (m2/s)

K: hydraulic conductivity (m/s) 

The pulse of water table travels like a wave.

c = K sin / ne

c: velocity of wave propagation (m/s)

ne: drainable porosity 
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Conceptual Model of Talus Groundwater

Fast hydraulic response time (< 1-2 days).

Flow through a thin (< 0.1 m) saturated layer.

Late-lying snowpack – importance water source.

snowpack

bedrock

talus

Muir et al. (2011, Hydrol. Process. 25: 2954)
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Challenges and the Way Forward

1. Turn the conceptual models into process-based 

numerical models (e.g. finite-element flow model).

2. Determine grid-scale (i.e. 10 km) parameters for 

river basin model (e.g. MESH).

3. Test the concepts and models in other basins.

IP3 Legacy

1. Lake O’Hara research basin for alpine studies

2. First Canadian study on alpine groundwater 

hydrology.

3. Hydro-meteorological database.
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