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Why investigate Svalbard glacier 

mass balance?

Current sea level rise = ca. 3.2 mm/yr

• Thermal expansion 1.1 mm/yr

• Greenland 0.3 mm/yr

• Antarctica 0.3 mm/yr

• Terrestrial Water Storage 0.4 mm/yr

• “Small” Glaciers 0.9 mm/yr

• Sea level

• Future scenarios

Need to understand current balance to model future retreat

• Downstream impact

Tidewater glacier retreat impacts fjord circulation, ecosystems

Increased melt                              "                                   "



z0

dz /dt = (z1-z0)/Dt

∫A dz/dt = SBn

Geodetic mass balance





Pre-1990 1990 2000s



NPI S0 DEM





Arctic DEM



Arctic DEMs constructed from in-track and 

cross-track high-resolution (~0.5 meter) 

imagery acquired by the DigitalGlobe

constellation of optical imaging satellites, 

WorldView-1, WorldView-2, and WorldView-3, 

which collect stereoscopic imagery of the 

Arctic.

Imagery processed into 2-meter posting 

DEMs using Ohio State University’s software 

package Surface Extraction with TIN-based 

Search-space Minimization (SETSM).



NPI 50-m DEM (2009-10)



ADEM 32-m mosaic (2012-2017)



NP DEM – ADEM



NP DEM – ADEM



ADEM 32-m mosaic (2012-2017)



NP DEM – ADEM



ADEM 32-m mosaic



ADEM 32-m mosaic, 2013 front position



ADEM 32-m mosaic, 2014 front position



ADEM 32-m mosaic, 2015 front position





Arctic DEM

2-m “strip” data

# DEM strips   
2012:     711
2013:  1,047
2014:     747
2015:  3,077
2016:  3,338
2017:  2,329

Total size:

2.3 TB





• Assume ADEM strips have 

co-registration errors Δx, Δy, 

and Δz, but are otherwise 

planar. 

• Neglect Δx and Δy. 

• Use NPI S0 as reference DEM 

for land areas.

• Adjust each strip by 

subtracting Δz  = 

median(zstrip − zS0), evaluated 

only on land areas.

• Take median of adjusted zstrip

values to make a preliminary 

DEM.

• Then adjust each strip by 

subtracting 

Δz  = median(zstrip − zprelimary)

• Take median of adjusted 

strip data to make final DEM.

How to make your own

annual ADEMs…





Normalized histogram of seasonal timing
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Annual Arctic DEMs error
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Basin-3 Austfonna



Wahlenbergbreen



Osbornebreen



Monacobreen …and Emmabreen



d
z
/d

t
(m

/y
r)









d
z
/d

t
(m

/y
r)







B
n

(m
/y

r)





B
n

(m
/y

r)

BRG
MLB

KNG

HDF
NSK

ETN





And so, finally…



v



Conclusions
• Arctic DEM products not 100% 

perfect, but pretty dang good!

• Arctic DEM products well-suited for 

deriving dz/dt

• DEMs available only to 2017, so far

• Total Svalbard mass loss for 2013-

2017 = 17 km3/yr, specific mass 

balance = 60 cm/yr

• Consistent with recent Cryosat-2 

results (Morris et al, in review)

• S. Spitsbergen most negative, 87 

cm/yr

• Austfonna mass loss comparable, 

78 cm/yr, almost entirely due to 

surging along SE coast.

• NE Spitsbergen least negative


