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Background 

• Reliable information on terrestrial snow water equivalent (SWE) is required for 
studies of freshwater and energy budgets, the assessment of coupled climate 
model simulations, and the evaluation and initialization of land surface models 
for both short term weather and seasonal forecasts. 
 

• Gridded, daily Northern Hemisphere snow water equivalent (SWE) datasets 
derived from satellite passive microwave measurements  (25 km) and 
reanalysis driven land models  (0.5° to 1°) were assessed as a contribution to 
the European Space Agency (ESA) Satellite Snow Product Inter-comparison 
and Evaluation Experiment (SnowPEx). 
 

• Analysis focus on: the spatial and temporal consistency of the products 
(spread); comparison to independent in situ reference datasets (absolute 
uncertainty, bias); climatological trends. 
 

• Overall goal to improve the ‘observational’ basis for the determination of 
trends, evaluation of climate models, forecast initialization/verification. 



• 1979 – 2015: NH June snow extent decreased at a rate of -18% per decade (relative 
to 1981-2010 mean) compared to -13% for  September sea ice extent 

• Single dataset trend analysis is unsatisfying: goal is to compare observational 
ensembles with climate model ensembles 

Derksen, C Brown, R (2012) Geophys. Res. Letters (updated) 

Changes in Snow Cover versus Sea Ice 

Extent 

Multi-dataset SCE (n=5) and SIE (n=3) 
anomaly time series, 1981-2010 

June SCE (NOAA snow chart CDR) and 
September SIE (NASA Team), 1979-2015 



Snow Products 
Dataset Variable In situ Snow Scheme Model Forcing Resolution Reference 

NOAA SCE Yes ~180 km Brown and 
Robinson, 
2011 

Brown SWE Yes Simple ERA-int ~30 km Brown et al, 
2003 

Crocus SWE No Complex ISBA 
(LSM) 

ERA-int ~100 km Brun et al., 
2013 

ERA-land SWE No Simple HTESSEL 
(LSM) 

ERA-int ~75 km Balsamo et 
al., 2013 

GLDAS SWE No Simple Noah 3.3 
(LSM) 

Princeton ~100 km Rodell et al., 
2004 

MERRA SWE No Intermediate Catchment 
(LSM) 

MERRA ~50 km Rienecker et 
al., 2011 

GlobSnow SWE Yes HUT 
(RTM) 

25 km Takala et al., 
2011 

NASA 
AMSR-E 

SWE No 25 km Kelly, 2013 

AMSR-E 
prototype 

SWE Climatology 25 km Tedesco 



Snow Mass Climatology 

Mudryk, L et al (2015) J. Climate 

Climatological NH snow water mass,  
1981–2010 

Multidataset  SWE climatology, 
February–March , 1981–2010 



Snow Mass Climatology - Spread 

Spread among NH snow water mass 
climatologies by region,  1981–2010 

Ratio of climatological SWE to spread, 
February–March 1981, 2010 

Mudryk, L et al (2015) J. Climate 



Comparisons with in situ Data 

Eurasian snow courses 
(n=517): 

• 1 to 2 km snow 
transects 

• data for 1979 –  
2011 

 
Update forthcoming with 
harmonized snow survey 
dataset (Canada; Russia; 
Finland) initiated by GCW 



GLDAS: -11mm bias 49.5 mm RMSE 

ERA-land: +42mm bias, 74.7 mm RMSE 

GlobSnow: -4mm bias, 44.9 mm RMSE 

MERRA: +15mm bias, 57.9 mm RMSE 

CROCUS: +5mm bias, 48.0 mm RMSE 

Comparisons with in situ Data 



Comparisons with in situ Data 

Monthly relative RMSE Monthly bias 



Snow Mass Trends 

• Trends computed over 1981-

2010 period 

• Weak trends in GLDAS 

• NH spread in trends driven 

by Eurasia; comparatively 

consistent over North 

America 



Multi-Dataset SWE Product 

• Available via NSIDC: “CanSISE Observation-Based Ensemble of Terrestrial 
Snow Water Equivalent, Version 1” 

• Based on five component SWE products: GlobSnow, ERA-Interim/Land, 
MERRA, Crocus, and GLDAS 

• Covers 1981-2010 period (daily) 
• Northern Hemisphere land areas 
• 1 deg resolution 
• Includes multi-dataset mean and spread (for each grid cell/day of year) 



Multi-Dataset SWE Applications 

Spatial averages of anomaly correlation coefficient 
(ACC; top) and mean square skill score (MSSS;  

bottom) in the Northern Hemisphere for CanSIPS 
(Sospedra et al., 2016) 

Mean and spread (interquartile range) of 
Northern Hemisphere snow cover extent 

trends calculated over the 1981-2010 period 



Daily Hemispheric SCE from 

Satellite? 

GlobSnow - Daily 

GlobSnow - Weekly 

NOAA 



Conversion of SWE to SCE 

• Reanalysis products very sensitive to low SWE thresholds 
• Climatology and trends sensitive to SWE threshold although 0 mm can 

be ruled out as a reasonable threshold 



• observed SCE data (MEASURES) used to determine best-fit SWE threshold for 
calculation of SCE 

• deviations from MEASURES data over the course of the season indicate biases in 
the reanalysis snow cover 

Conversion of SWE to SCE 



Trend Spread, 1981-2010 



Influence of Observational Uncertainty on 

Determination of Trends 

Monthly surface temperature trends from 
CRU, NCDC, GISS and NCEP2m 

Monthly snow cover trends from MERRA, ERA-I-Land, 
Crocus, GLDAS-2, Brown, GlobSnow, and NOAA 



Issues, Gaps, GCW Priorities and 

Contributions 

• Development of multi-dataset SWE product was spurred by SnowPEx 
 

• Agreement does not equal quality 
 

• Coarse spatial resolution limits some applications 
 

• Minimal contributions from satellite measurements (GlobSnow; 
NOAA CDR) 
 

• Current multi-dataset SWE product covers one climatological normal 
period; requires continual updating for annual climate assessments, 
applications such as seasonal prediction, etc. 
 

• How to best advance progress made in SnowPEx? 
 



Conclusions 

• Efforts to better characterize uncertainty in snow products (i.e. through ESA 
SnowPEx) provide the observational foundation for CMIP6 land MIPs (i.e. LS3MIP; 
ESM-SnowMIP) 
 

• There is considerable inter-dataset spread in  Northern Hemisphere snow mass and 
snow cover extent derived from available terrestrial snow products: 

-Standalone passive microwave SWE products are problematic 
 
-Products based on modern era reanalysis are highly correlated to each other, 
but are not ‘better’ with respect to independent in situ data (RMSE, bias) 

 
-Hemispheric, cloud-free, daily SCE datasets are very limited 
 
-Inferring SCE from SWE can introduce large uncertainties 

 
• Very few hemispheric, daily, snow products rely solely on satellite data 
 
 
 



Questions? 


