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ESA Advanced Training Course Practical 1 
 

Frank Paul: “Glacier mapping with Sentinel 2 in Svalbard” 
 
1. Aims and Methods 
In this exercise you download various spectral bands from a Sentinel 2 image tile and use a 
glacier-mapping algorithm (band ratio) to create glacier outlines. The selection of appropriate 
thresholds to achieve the best possible classification is the major step. Secondly, results of the 
classification are compared to glacier outlines in the Randolph Glacier inventory (RGI).  
 
2. General information 
Glacier mapping will be performed with a simple band ratio (red/SWIR, or 4/11 for S2). This 
ratio results in bright glaciers and dark surrounding regions so that a simple threshold (t1) can 
be used to classify glaciers (e.g. by setting all values higher than th1 to 1 and all others to 0). 
In general, this identifies all (clean to slightly dirty) glacier ice precisely. However, some 
omission (debris cover, shadow, clouds) and commission errors (water, lakes) occur and re-
quire to optimize the threshold. The best way is to select a threshold that also includes all ice 
in shadow, and then remove misclassified rocks in shadow and water with additional thresh-
olds in other bands. Whereas rocks in shadow can be excluded with a further threshold (th2) 
in band 2 (blue), wrongly classified ocean can be largely excluded with a threshold (th3) in 
the NIR. However, turbid water and debris will remain and have to be removed manually. It 
is also likely that some very dark clean ice cannot be included. 
 
The main goal is to find optimum thresholds for th1, th2, and th3 to have a minimal effort for 
post-processing. A comparison with the RGI outlines (that have been completely manually 
digitized) should reveal the problems and benefits of this semi-automated approach. For those 
being fast and experienced in using the editor, some pre-selected glacier outlines should be 
manually corrected (add debris, remove water) to obtain correct extents for them. Further de-
tails on Sentinel image processing can be found in the following publication. 
 
Paul, F., S.H. Winsvold, A. Kääb, T. Nagler and G. Schwaizer (2016): Glacier remote sens-
ing using Sentinel-2. Part II: Mapping glacier extents and surface facies, and comparison to 
Landsat 8. Remote Sensing, 8(7), 575. Link: http://dx.doi.org/10.3390/rs8070575. 
 
3. Datasets and Sources 
Sentinel 2 tile 33XWH acquired on 31.7. 2017 over the eastern part of Svalbard 
 => Download from https://remotepixel.ca/projects/satellitesearch.html 
Glacier outlines from the Randolph Glacier Inventory (RGI) for Svalbard 
 => Download from http://www.glims.org/RGI/rgi60_dl.html (only the shapefile) 
 
4. Instructions 
The practical has two parts: (A) downloading satellite data and glacier outlines from the in-
ternet (see links above) and (B) processing of the datasets in ArcGIS (specifically ArcMap). 
Some practical help on using ArcMap is provided in Section 5. 
 
(A) Internet 
Download (right mouse click ‘save as’) the RGI outlines for Svalbard from the URL above, 
and un-compress the zip file in your folder. Then go to the remotepixel.ca website, switch to 
the Sentinel-2 tile locater (upper right), zoom in to Svalbard, click on tile 33XWH, and then 
click on the image on the upper right. A new embedded window opens and all available tiles 
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are shown, sorted for date. Scroll down to 31.7.2017 and click on the image. A new frame 
opens to the left with various menu options. The middle one allows you creating quick-looks 
with various band combinations, the left one gives access to individual image bands. Please 
download (right mouse ‘Save file as’) bands 2, 4, 4, 8 and 11 to your local folder. The bands 
are in jp2 format that already includes geolocation and projection information for each band. 
 
(B) ArcGIS 
The instructions below contain various ArcGIS commands. You can look them up and acti-
vate them with the search tool. To properly work, the spatial analyst should be activated 
(Customize => Extensions). The swipe tool can be used to compare two datasets (Customize 
=> Toolbox => Effects). All resulting raster data must be saved in tif format. 
• Start ArcMap and import bands 2 (blue), 3 (green), 4 (red), 8 (NIR), and 11 (SWIR) 
• Create an image stack to display various band combinations as RGB (composite bands). 

Use only bands 2, 3, 4, and 8 for this to have the composite at 10 m resolution. 
• Resample the SWIR band 11 to 10 m (name it …b11_10m.tif), 
• Group all bands in one folder named ‘raw-bands’ (select all and right click => group) 
• Start the raster calculator and divide band 4 by float(b11_10m.tif), save the output in a 

geotif file (name it …_r4d11.tif) 
• Apply different thresholds (th1) to the band ratio (…_r4d11_txx) and save the result as 

tif files with the threshold value xx in the filename. 
• Compare the results by overlaying glacier maps in different colours (make 0 transparent) 

and select the best threshold (i.e. including snow and ice in shadow) 
• Use your selected threshold th1 a further threshold (th2) in the blue band to improve the 

shadow classification [add ‘& (b2 > th2)]. Add this threshold to the filename (_bxx.tif) 
• Use the output map from above and try to remove wrongly classified ocean water with a 

further threshold in the NIR (b8) without deleting too many correctly classified regions 
(_bxx.tif ==1) & (_b8.jp2 > th3) 

• A noise filter (use 5 x 5, majority) can be applied to remove noise (focal statistics) 
• Select the best result and set the ‘no glacier’ value 0 to no data (setnull result == 0, 1) 
• Convert the resulting grid to outlines (raster to poly, please deactivate simplify poly-

gons), and create a copy for editing (right mouse, data export)  
• Import RGI outlines and compare them with your results, write down major differences  
• If time permits, correct the extents of the glaciers numbered 1 to 10 in the image below 

using the editor (start with 1) and write down the specific challenges (3-5 points) 
 
5. Help on ArcMap usage 
All commands listed in the instructions can be found & activated from the search tool. 
- One click on the symbol opens the dialog box where colours can be adjusted. 
- Double click on the file name opens a dialog box where individual features can be adjusted. 
- To export a screenshot to a jpg or png: File => export map. 
- Use File => Save as to save everything that is visible on the workspace (gives name.mxd) 
- The raster calculator performs simple band math and writes results to a new file. A double 

click on the file name selects files, a simple click on the symbols adds a function (>, 
AND). Special conversions (float/setnull) can be selected in the right panel. 

- Composite bands creates a stack of images that can be contrast stretched afterwards. 
- Resample should be used to increase spatial resolution of the SWIR band (from 20 to 10 m). 
- Raster to polygon converts the glacier map (grid) to (vector) outlines. The gridcode (1 = 

glaciers, 0 = others) is stored in the attribute table. Please deactivate ‘simplify polygons’. 
- Focal statistics can be used for noise removal. Select a rectangular 5x5 kernel and majority. 
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Numbered selection of glaciers to be corrected. Please start with 1, 2, 3, etc. 
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Atmospheric transmission and location of spectral bands for various optical sensors. 
 

 
Overview of spectral band numbers for various optical sensors. Colours denote different spa-
tial resolutions: 30 m (black), 20 m (red) 15 m (blue), 10 m (green). From Paul et al. (2016). 
 

   
Left: Spectral reflectance of snow with different grain sizes, location of Landsat TM bands, 
and red/SWIR ratios for glacier mapping. Right: Principle work flow for glacier mapping. 


