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CRHO Stations
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Precipitation Network Uncertainty

Example
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How many gauges are “enough”?

Kriging for horizontal extrapolation
Lapse rates for vertical extrapolation
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Precipitation Gauge Network Areal Coverage

(area covered by one gauge)

Areal Coverage of Precipitation Gauges
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Spatio-temporal and Elevational Precipitation Uncertainty

Uncertainty expressed as 
standard deviation and 
coefficient of variation of 
precipitation

CRHO establishment and 
increased gauge density in 
provincial networks has reduced 
uncertainty.  

More high elevation gauges 
needed.
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UAV-Lidar Snow Surveys in Marmot Creek

Alta-X mounted Reigl
miniVUX-2 lidar used to 

collect surface elevation data 
over whole basin area

Raw lidar point cloud around 
Forest Ridge Tower and 

Hanging Tree 

Surface model created from 
ground lidar returns, bare 

ground subtracted for snow 
depth mapping.  Holes are 

tree wells.



Snowpacks 150 mm below normal
Melt one month earlier than normal

Spring, summer precipitation ~100 mm below 
normal

Snowpacks depleted in research basins in mid May
Glacier melt started in early May at low elevations.

Bow River Basin – Drought of 2023



Hydrological Drought



Hydrological Storage Drought
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Peyto Glacier Retreat to 2021

Vaux, 1902 Pomeroy, 2021



Peyto Glacier 2008 to 2023

August 2008 August 2023



UAV LiDAR Glacier Surveys



Extent of Peyto glacier toe from 
2019 – 2023, overlain over aerial 
photography of Peyto taken in 2023

Definition of Peyto glacier toe 
for each year from 2019 - 2023

2023

Avg. Lateral Retreat
2019 – 2020: -12.5 m
2020 – 2021: -195.7 m
2021 – 2022: -120.7 m
2022 – 2023: -80.0 m Harasyn and Harder
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8.5 m melt

4-5 m melt



Athabasca Glacier 1980 to 2023

October 1980 August 2023



Athabasca Glacier – recent changes



Recent Athabasca on-ice Air Temperatures
The long summer



Athabasca Glacier Ice Melt

Kieren Lehan



Glacier Streamflow Regime in Drought



Glacier Influenced Streamflow Regime in Drought 



Nival Streamflow Regime in Drought



Hydrological and Agricultural Drought Downstream

SE Alberta, August 2023



Downstream Impacts

Fish death, irrigation closures and restrictions, municipal use restrictions, reduced hydroelectricity, reduced effluent dilution
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https://research-groups.usask.ca/hydrology/data.php


	Slide 1: COPE Monitoring in the Canadian Rockies Hydrological Observatory
	Slide 2
	Slide 3: CRHO Stations
	Slide 4: Precipitation Network Uncertainty
	Slide 5: Areal Coverage of Precipitation Gauges
	Slide 6: Spatio-temporal and Elevational Precipitation Uncertainty
	Slide 7: UAV-Lidar Snow Surveys in Marmot Creek
	Slide 8
	Slide 9: Hydrological Drought
	Slide 10: Hydrological Storage Drought
	Slide 11
	Slide 12: Peyto Glacier Retreat to 2021
	Slide 13: Peyto Glacier 2008 to 2023
	Slide 14: UAV LiDAR Glacier Surveys
	Slide 15
	Slide 16
	Slide 17: Athabasca Glacier 1980 to 2023
	Slide 18: Athabasca Glacier – recent changes
	Slide 19: Recent Athabasca on-ice Air Temperatures
	Slide 20: Athabasca Glacier Ice Melt
	Slide 21: Glacier Streamflow Regime in Drought
	Slide 22: Glacier Influenced Streamflow Regime in Drought 
	Slide 23: Nival Streamflow Regime in Drought
	Slide 24: Hydrological and Agricultural Drought Downstream
	Slide 25: Downstream Impacts
	Slide 26: Data Publications

