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Complex landscape fi eld mapping at a scale of 1 : 25 000 was the basic method 
of surveying the study area in the 1980s. A total of 1,514 small basic landscape 
units (so-called geocomplexes of the uroczysko range) were mapped across an 
area of ca. 94 km2. An old Norwegian topographic map at a scale of 1 : 100 000 
(Sørkapp sheet), current for 1936 and enlarged fourfold, was used as a base map. 
Each individual landscape unit was drawn on the map, numbered and described 
on a special separate form. The demarcation criteria consisted of spatial changes 
in environmental and landscape features. The following characteristics were ana-
lyzed: elevation, slope gradient and exposure, lithostratigraphy, tectonics (dip of 
the rock strata), Quaternary deposits (genesis, granulation, thickness), morphogen-
esis, micro-relief, geomorphic processes, meso-climate (based on exposure, shad-
owing and persistence of snow patches), bodies of water and vegetation (density 
and composition, division into vascular plants, mosses and lichens). The mapping 
covered virtually all of the area that had not been covered by glaciers during the 
Holocene in western Sørkapp Land. The landscape units were grouped into sev-
eral dozen types, which made it possible to create detailed maps of the landscape 
structure of the area (Czeppe, Ziaja 1985; Kuczek, Ziaja 1990; Ziaja 1991, 1992). 
This structure did not change by 2008. However, certain changes within some of 
the landscape types were observed in 2008. 

In addition, the extent of glaciers and their marginal zones as well as the sea 
coastline were mapped via a traditional method (using a Paulin altimeter) in the 
1980s, and using more modern methods (GPS 12 Garmin) in 2008. 

The interpretation of aerial photographs obtained from the Norsk Polarinstitutt, 
especially black-and-white photographs from 1961 and infrared photographs from 
1990, as well as the analysis of satellite data were combined with the results of fi eld 
investigations in a very effective way. 

The analysis of glacier retreat since the 1980s was divided into two parts. The 
fi rst part addressed changes in the glaciers’ surface area in 1983–1984, 1990, 2003, 
2004, 2007 and 2008 (Maps 1 and 2). In the second part, changes in the glaciers’ 
surface elevation from 1990 to 2008 were inferred from two digital elevation models 
(Maps 3 and 4). 

The following data sets were used in the manual delineation of the extent of each 
glacier:
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1.  Three sheets of a topographic map (Hornsund, Gåsbreen, and Bungebreen) at 
a scale of 1 : 25 000, edited by the Polish Academy of Sciences in 1987. The 
map was compiled photogrammetrically on the basis of vertical aerial pho-
tographs at a scale of 1 : 50 000 (taken in summer 1961) and geodetic meas-
urements carried out during the 6th Spitsbergen Expedition of the Academy 
during the 1983 and 1984 summer seasons. 

2.  A topographic map sheet (C13 Sørkapp) at a scale of 1 : 100 000, edited by 
the Norwegian Polar Institute in 2007. The map illustrates the extent of each 
glacier and provides contours at 50 m intervals. The part of the map with 
the study area was created based on vertical aerial photographs at a scale of 
1 : 50 000 (taken in summer 1990). 

3.  ASTER data with 15 m spatial resolution provided by NASA’s Earth Ob-
serving System (EOS), and distributed by the Land Processes Distributed Ac-
tive Archive Center (LPDAAC): one scene acquired on July 24th, 2003, two 
consecutive scenes acquired on August 7th, 2004, and two consecutive scenes 
acquired on August 14th, 2007. All ASTER bands used in the study were or-
thorectifi ed and projected to WGS84, UTM zone 33 north projection. 

4.  SPOT 5 Orthophoto with 5 m spatial resolution, acquired on September 1st, 
2008. The data were provided by the IPY SPIRIT (International Polar Year 
SPOT5 stereoscopic survey of Polar Ice: Reference Images and Topographies) 
project (Korona et al. 2009). The mapping of glaciers was diffi cult in 2008 due 
to thick snow cover; therefore, only the frontal sections of tidewater glaciers 
and Bungebreen were updated using this data set.

The maps were scanned and georeferenced to a common datum and projection 
(WGS84, UTM zone 33 north) using the four corners and 50 evenly distributed 
points for each map sheet edited by the Polish Academy of Sciences and about 100 
points for the map edited by the Norwegian Polar Institute. The extent of each glacier 
based on Polish maps was validated and corrected using photographs taken in the 
fi eld during Jagiellonian University expeditions in 1983 and 1984. 

Changes in glacier surface elevation were estimated using two digital elevation 
models (DEMs). In the fi rst DEM, contours were interpolated at 50 m intervals based 
on the new Norwegian topographic map (C13 Sørkapp) at a scale of 1 : 100 000. The 
DEM was generated using ESRI®ArcMapTM 9.3.1 software via an interactive fi nite 
difference technique (Hutchinson 1989) and has a grid spacing of 40 m. The fi rst 
DEM was used as a reference data set. The second DEM, with 40 m pixel size, was 
provided by the IPY SPIRIT project. It was generated from a cloud-free high resolu-
tion SPOT 5 HRS image pair acquired on September 1st, 2008. The DEM extraction 
was performed by the French Institut Géographique National (IGN) following an 
automatic processing method, including manual intervention and interactive checks 
against ground-based measurements (Korona et al. 2009). The optical contrast of the 
images was mostly satisfactory, although in some parts, image matching had failed. 
Unmatched areas were masked and marked as “error in data.” The SPIRIT DEM was 
co-registered using an analytical solution developed by Nuth and Kääb (2011), based 
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on the cosinusoidal relationship between elevation differences and elevation deriva-
tives of the slope and aspect. The method permitted to minimize a three-dimensional 
shift vector between two DEMs. 

Changes in glacier elevation over the period 1990–2008 were estimated simply 
by subtracting the SPIRIT DEM from the reference DEM. The resulting values in the 
new raster indicated the difference in elevation at each pixel. 
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