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ArcticDEM

Next generation elevation model 
for wind farms in cold climate?

A hillshade rendering of ArcticDEM. Source: Polar Geospatial Center
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What is ArcticDEM?

• High-resolution, high-quality digital surface model (DSM)
• Freely available from the Polar Geospatial Center of the University of 

Minnesota, USA
• Coverage of current release 7

• All territory north of 60oN
• Full territory of Greenland, Alaska and Kamchatka peninsula

• Created by optical stereo imagery & high-performance computing
• Open-Source software used: Surface Extraction from TIN-based 

Searchspace Minimization (SETSM) software by Noh & Howat
• Source is 0.5m imagery of the Maxar satellites: 

WorldView-1, WorldView-2, WorldView-3 & GeoEye-1
• Provided in resolutions 2m, 10m, 32m, 100m, 500m and 1km
• Output available as strip data and multi-year mosaics
• 260,741 scenes covering an area of 159,902,690 km2

• A total of 2488 sub-tiles in mosaic dataset (each 100x100 km2)
• IceSAT altimetry data use for improving vertical accuracy of mosaics

The ArcticDEM model has the potential to become the default 
choice of elevation model when developing wind farms at high latitudes
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What elevation model? DEM, DSM, DTM?

The ArcticDEM model has the potential to become the default 
choice of elevation model when developing wind farms at high latitudes. 
But how good is it and which are the DEM/DSM/DTM alternatives?
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Potential Drawbacks

• Absolute horizontal and vertical accuracy specifications of 
ArcticDEM data have not been verified, however:
• Is about 4m without GCP correction applied
• For mosaic data – estimates from IceSAT GCP’s in metadata

• Hydrographic features has not been flattened
• Data has not been hydro-enforced
• Optical product: Void areas and artifacts due to cloud cover, fog, 

shadows and unfrozen water bodies
• Product has not been edge-matched
• Multiple seasons in mosaic model
• A huge dataset: 10m resolution data at approx. 800Gb
• Original data with WGS84 ellipsoid as vertical reference

ArcticDEM – 2m resolution @ Work at Faroe Islands
(mosaic with 7 tiles)
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Potential Drawbacks
ArcticDEM – 2m resolution @ Work at Faroe Islands

(mosaic with 7 tiles)

After a little data-processing
Before data-processing
Red arrows: Examples of artifacts and voids
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Evaluating Accuracy and Vertical Error

Vertical 
uncertainty

Horizontal 
uncertainty

Vertical error:

z = zDEM – zREF

Metrics / statistics:

• Mean error (bias)
• Standard deviation
• Root mean square error (RMSE)
• Quantiles (P25, P50; P75, P90, P95 & P99)

GCP’s may come from

• LiDAR campaigns
• Airport runways
• IceSAT data
• High-quality national datasets

Accuracy also depends on:
• Location, slope, land-cover, vegetation height…

Typically, national or regional DEM’s have better 
accuracy than global ones – but is is also very technology 
dependent – with LiDAR campaigns in cm-range

Vertical error for datasets is determined from ground control 
points (GCP’s)
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ArcticDEM and the Runways Dataset

Acknowledgement: The Runways dataset is from the Global Elevation Data Testing Facility (GEDTF) 
by Kazimierz Bęcek, Monika Stepnowska & Jakub Łuczak.
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ArcticDEM at Turbine Locations, NO & FI

• ArcticDEM and CopernicusDEM-GLO30 have almost the same 
vertical errors – here evaluated on more than 1000 turbine 
locations. 

• However, ArcticDEM has more outliers, probably due to its 
optical origin.
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ArcticDEM and ICESat

• ICESat altimetry data has been used to 
align/translate the ArcticDEM Mosaics.

• It is used to evaluate the vertical accuracy:
- Ground control points (GCP’s) at the 2488 individual tiles
- More that 2 million GCP’s from ICESat is used
- Metadata error statistics stored at the individual tiles 

• Summary statistics for the 2488 tiles in the table 
to the right (all values in meters)

- average residual
- error-percentiles P50, P90 & P100

• Largest maximum error is 788m !



ArcticDEM: Next generation elevation model for wind farms in cold climate?
M.L. Thøgersen, M.C. Pedersen, L. Svenningsen, T. Ahsbahs, EMD International A/S, WinterWind 2022 - Skellefteå

Findings / Conclusions

Vertical Accuracy and Data Quality
- Vertical accuracy probably as good as CopernicusDEM 90m
- However, more outliers and artifacts (that needs to be removed)
- A small negative average bias is seen 

(similar to most other ‘competing’ datasets)

ICESat Data and Translated ArcticDEM tiles
- ICESat does a good job in removing bias's (average vertical residual is about 0)
- Still some artifacts and problems to be expected 

(largest registered error in 2 million GCP’s is 788 meters

ArcticDEM as the next-generation DEM for wind farms in cold climate?
Yes, I will be useful at many locations –
especially if we know how to handle and remove artifacts within the model.

Image-Top: The two radar satellites TanDEM-X and TerraSAR-X in close 
formation flight at a distance of 350m apart. Credit DLR (CC-BY-3.0)
Image-Bottom: WorldView Satellite in Stereoscopic Mode. 
Credit: PGC & Digital Globe.
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Hillshade rendering of ArcticDEM. Acknowledgement: Polar Geospatial Center
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Extra Slide: Vertical Reference Systems

Geoid: From NASA's Grace Mission - Image Courtesy of NASA/JPL

Vertical reference systems.
Image credit: https://nptel.ac.in/courses/105104100/lectureB_8/B_8_8coordinate.htm


