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Motivation and Background
• In 2012, at the Surface Mass Balance and Snow on Sea Ice Working 

Group (SUMup) meeting, modelers expressed the lack of easy to 
access, standardized, in-situ measurements.

• Need a public, annual, decades-long, time-series of measurements 
was recommended.

• Today, most field observations are dispersed across multiple data 
centers/datasets in differing formats.
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Usefulness of community datasets 

• SUMup provides:
• 3 subdatasets – density, accumulation, and snow depth on sea ice
• Spatial and temporal variability across the Arctic and Antarctic
• Decadal timeframes (1950-Present)
• High depth resolution (density) and High Spatial Resolution (accumulation)

• What it can be used for:
• Model Validation
• Remote Sensing validation
• Algorithm development 
• Monitoring efforts 
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Notable Additions

• Notable additions to the 2015 SUMup
database: 

• 1) snow pit data from Carl Benson’s Greenland 
traverses in the early 1950’s 

• 2) snow accumulation measurements from 
Summit Station, Greenland’s stake network call 
the Bamboo Forest (year round)

• 3) density measurements from Summit, 
Greenland at monthly temporal resolution (year 
round)

• Very high resolution density data (mm scale) 
and accumulation radar data (10’s of meters)

Images from Polartrec and NSIDC database.
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Snow Density

• ~830,000 Datapoints
• 94% from Arctic ~280 Arctic Sites majority from ice cores or 

snow pits 
• <6% from Antarctica ~50 sites Antarctica majority ice cores
• <1% from Summit Station, Greenland
• 7 locations snow density measurements on sea ice in the 

Bellinghausen Sea

Measurement methods include different sized density cutters 
(generally from 100 - 1000 cc) used in snow pits, ice core 
sections, neutron-density methods, X-ray microfocus
computer tomography, Gamma-ray attenuation and 
pycnometers.   
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Accumulation

• Over 230,000 Datapoints
• 62% of dataset with ~35 sites in Greenland (one radar traverse 

spanning ~75 km in southeast Greenland)
• <38% of dataset with ~30 locations in Antarctica (two radar 

traverses that span 100’s of km, one in west and one in east 
Antarctica)

• <1% from Summit Station, Greenland

The measurement methods include ice cores, radar isochrons, and 
stake measurements.

7



Snow Depth on Sea Ice

• ~14,000 Datapoints

• 22% Antarctic - 7 locations off of the 
Antarctic Peninsula in the 
Bellingshausen sea. 

• Measurements from 2007.

• 78% Arctic - 40 locations directly off 
the coast of Finland in the Baltic sea. 

• Measurements from 1990-2013.

• The measurement methods include 
rulers and magnaprobes. 

Photo Credit to Chris Linder UW
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Density Time Series

US ITASE  Benson GISP2/PARCA  GIT/ACT

Antarctica Greenland Summit Station

Sporadic sampling based around major field expeditions.
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Distribution of Accumulation by Dated Ice 
Cores

Antarctica Greenland

• Need to be taking ice cores now to fill in recent accumulation gaps.
• Accumulation signal can be lost in ice cores, so other future methods should be considered where you 

don’t have to preserve stratigraphy. (Stakes/SNOWFOX)
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Analysis of Density by Depth

Antarctica Greenland Summit Station

• Larger number of deeper ice cores in Antarctica.
• Mainly shallow cores collected across Greenland
• Majority of Summit Station measurements taken above 1 m in snow pits.  
• 100m+ ice core from GISP2 Ice Core
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Elevation and Latitude Distribution of 
Density for Greenland

• Elevations below 3000 m are undersampled, with the exception of the 1750-2000 m bin, and elevations above 3000 m 
are largely oversampled.  

• Sampled best over Greenland’s mid-latitudes.   More measurements are required from lower elevations and southern 
(< 70N) and northern (> 78N) latitudes to fill the gaps in the current dataset and reduce spatial bias
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Distribution of density measurements in Greenland by the mean 
annual temperature

• Density measurements at each location were matched to (NCEP-NCARv1) forced MAR 3.5 simulation (run from 1948–2015) to find the 
mean annual 3 m air temperature for the year the measurement was taken.  

• In general, the density measurements in SUMup across the GrIS oversample cooler, inland regions and undersample coastal, warmer 
regions. 

• Extremely under sampled in the percolation zone.  

Red line - distribution 
of annual average 
temperatures (derived 
from 1990-2015) for 
the entire GrIS. 
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Mean Annual MAR temp and Density Comparison

• No clear relationship between mean 
annual temperature and density seen 
until ~1 m depth where higher 
temperatures correspond to higher 
density. 

• Top meter needs additional 
parameterizations. 

• Solar radiation and wind processes are 
likely important in these region and 
require snow density models that account 
for these processes.  

10 cm 25 cm

50 cm 1 m
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10 cm 25 cm

50 cm 1 m

Mean monthly density and accumulation at 
Summit Station, Greenland
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Future Additions

• Arctic Density data from 1950-1980 and current decades
• Accumulation and Density data from the percolation zone
• Ablation Stake Measurements
• Antarctic accumulation and density data
• Future datasets may include radiative processes and albedo.
• Please contact Lynn Montgomery or Lora Koenig 

(lynn.Montgomery@Colorado.edu or lora.koenig@Colorado.edu) to 
contribute data.  

• What would you like to see?  
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Find out more about SUMup at ADC

We would like to acknowledge and thank NASA and NSF for funding SUMup.  
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References

• https://nsidc.org/cryosphere/sotc/ice_sheets.html (title slide 
background)

18

https://nsidc.org/cryosphere/sotc/ice_sheets.html


Snow Density
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Accumulation
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Snow Depth on Sea Ice
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Supplementary Material
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Modelled (MAR) vs. Observed Densities
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