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Importance of snow for climate
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Importance of snowmelt for hydrology
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https://water.usgs.gov/edu/watercyclesnowmelt.html



1. Canadian snow: blended observations
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Mudryk, L. R., Derksen, C., Kushner, P. J., & Brown, R. (2015). 
Characterization of Northern Hemisphere Snow Water Equivalent Datasets, 
1981–2010. Journal of Climate, 28(20), 8037–8051.



1. Canadian snow: blended observations

 For model validation 
and forcing, there is a 
need for reliable 
gridded SWE data

 L. Mudryk (ECCC) 
led a rigorous study 
of satellite/reanalysis 
SWE products 

 -> CanSISE daily NH 
gridded (1o x 1o) SWE 
product 1981-2010

Data available at: https://nsidc.org/data/nsidc-0668

Mudryk et al. (2015)



2. Trends in Canadian snow (and sea ice) 1981-2015
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2. Trends in Canadian snow 
(and sea ice) 1981-2015
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 Wintertime snow cover has declined 
by 5-10% over eastern Canada

 Springtime declines are 5-10% across 
the Arctic/subarctic

 Snow gains in western Canada

 Spatial pattern of snow trends is 
closely tied to temperature trends



2. Trends in SWEmax

Mudryk et al. (2018) PG. 8



2b. Post-CanSISE re-examination of blended snow data

Unpublished analysis by Fraser King, MSc student, University of Waterloo.

Bias:

 CSA-funded project attempting 
to use space-based retrievals of 
surface snow to validate 
gridded products 

 The CloudSat-CPR instrument 
provides a very useful 
independent look at surface 
snow climatology

 Highlights potential problems 
in gridded data over high 
topography



3. Canadian snow (and sea ice): evaluation of models
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3. Canadian snow: models vs. observations
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 P. Kushner (U Toronto) led an 
evaluation of the Canadian 
Earth System Model (CanESM2)

 All models simulate JFM mean 
temperature pattern very well

 Larger disagreement for precip
and SWE, but CanESM2 is 
among the best models.



3. Canadian snow: SWE prediction skill
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 Colleagues at CCCma (Victoria) 
and U Guelph showed spring 
SWE is highly predictable from 
Nov onwards.

 Highest skill is found over the 
Canadian Arctic/subarctic, and 
western cordillera

 Lower skill in central/east

 Improved initialisation of 
surface snow yields much better 
forecast skill (not shown).



4. Near-term projections of snowpack loss (western US)
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4. Near-term projections of snowpack loss (western US)
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 J. Fyfe (CCCma) led a study showing 10-20% losses in snowpack since 1980

 CanESM2 model is in good agreement with gridded and in situ observations



4. Near-term projections of snowpack loss (western US)

Fyfe et al. (2017)

 Observed trends are consistent with historical forcings, but not with “natural only”

 Projections show GHG forcing associated with continued rapid snowpack loss

 However, internal climate variability has a large influence on near-term trends.



Workshop Coordinator: Blaine Lyons, bmlyons@uwaterloo.ca

Waterloo Snowmelt Workshop: Oct 1-2, 2018

We are hosting a workshop in 

Waterloo to bring climate/hydrologic 

modellers and end-users together.

The goal is to identify the primary 

challenges for end-users, and to 

develop a scientific proposal to 

address them.

Climate change is expected to cause 

major impacts on melting snow

Freshwater is Canada’s most precious 

natural resource, and largely comes 

from melting snow/ice

Timely and accurate modelling of 

the processes that drive 

snowmelt runoff is a major 

technical challenge 

https://uwaterloo.ca/scholar/bmlyons

Keynote Speakers:

• Prof Paul Kushner (UToronto)

• Dr Andre Erler (Aquanty Inc)

• Ms Chelsea Mottishaw (City of 

Dawson Creek)

• Dr Hank Venema (Strategic 

Community Consulting)

• Dr Stephanie Shifflett (GRCA)

Number of attendees by sector:

• Academia 7

• Government 6 

• NGO 5

• Industry 5

mailto:bmlyons@uwaterloo.ca


The end.

chris.fletcher@uwaterloo.ca

https://uwaterloo.ca/scholar/c5fletch

@ClimoChris
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2. Physical controls on SWEmax
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