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Summary: The main objective of this study is to propose a multidisciplinary approach (combining 
remote sensing,  GIS, Ground Penetrating Radar soundings and sedimentological analysis) to study 
the past frost-wedge polygons in lowland settings. Proposed workflow contains four steps: (1) to 
recognize polygonal-shaped features based on aerial photography analysis; (2) to analyse the 
geometry of the features and relate them to specific sediments and landforms, (3) to perform GPR 
soundings to recognise the depth of the features as well as their 3D structures; (4) to make outcrops 
and sedimentological analysis to confirm the periglacial genesis of studied features.  
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1. Introduction 
 
Thermal-contraction cracks are one of the most widespread and convincing features, which are 
diagnostic of permafrost. The process leads to the development of not only vertically fissures but also 
horizontal polygons, which can be found on the ground surface in both contemporary and past 
environments. However, recognition of these polygons is only possible with the use of high detailed 
aerial photographs, as they are not visible from a ground level.  
 
Several techniques have usually been used to study the past permafrost features. During the middle of 
the twentieth century, the main emphasis was placed on the sedimentological analysis of the 
structures that were visible in outcrops (eg. Dylik 1966; Goździk 1970, 1973, 1986, 1995, Harry and 
Goździk 1988; French and Goździk 1988). During the last two decades of the century, several studies 
dealing with the use of remote sensing (RS) analysis of frost-wedge patterns occurred (e.g. Svenson 
1976, 1988; Walters 1978, 1994; Bogdański and Kijowski 1985; Johnson 1990; Kozarski 1995b; 
Clayton et al. 2001; Ghysels and Heyse 2006). The use of Ground Penetrating Radar (GPR) 
soundings to study modern or past permafrost features is probably the newest approach (e.g. Munroe 
et al. 2007; Doolittle and Nelson 2009).  
 
The main objective of this study is to propose a multidisciplinary approach (combining remote 
sensing, Geographical Information Systems (GIS), GPR soundings and sedimentological analysis) to 
study past frost-wedge polygons in lowland settings 
 
2. Methods 
 
In this research, three types of method were used to study the distribution of past frost-wedge 
polygons: 

1) Remote sensing. For the study, the special methodology of taking aerial photographs was 
developed. Photographs were taken during different seasons in order to discover which 



vegetation and humidity settings are the best for wedge-polygon recognition. The 
photographs were taken from different altitudes, from 200m to 400m above ground level 
(a.g.l.). Hasselblad and RMK Zeiss 15/24 (using visible part of spectra) cameras were used to 
taken the photographs. Near-vertical photographs were rectified and resultant photographs are 
scaled 1:500 to 1:2,000.  

2) GIS-based analysis. Aerial images were analysed with the use of GIS software. Patterns of 
wedges were recognised and digitized using TNTmips and ArcInfo software. Each of the 
wedge polygons were treated as a single object with such attributes as: number of edges, 
dimensions, values of angles.  The next step was to add to the database information about 
elevation, slope and exposition (from Digital Elevation Models), as well as data about 
geological substratum and type of geomorphological landform. The final step of GIS analysis 
was to study the spatial relationship between different types of structures and specified terrain 
attributes, sediments and landforms.  

3) GPR sounding. Several test sites were selected based on remote sensing analysis. GPR 
profiles were performed in these sites. Measurements were taken using shielded 100 MHz 
and 250 MHz antennas. In optimal conditions, the maximum depth range of the antennas is 
25m and 8m, respectively (MALA, 2008). Differential GPS (dGPS) were applied to gather 
detailed information about location and heights of GPR profiles. Data from GPR soundings 
were processed using ReflexW5.0 application. A subtract-mean (dewow) filter was applied to 
eliminate low-frequency noise. Divergence compensation and background removal were used 
to compensate geometrical divergence losses and to make visible near surface signal covered 
by direct waves’ reflections. 

 
3. Study Sites 
 
The proposed methods were tested in the Wielkopolska (Great Poland) region in Central-West 
Poland. The Last Glacial Maximum (LGM) occurred in the region around 20,000 BP (Kozarski 
1995a). After this time the ice sheet started to retreat. Permafrost started to grow on the forefield of 
the receding ice sheet. Ice wedge polygons are relatively common in Wielkopolska (Kozarski 1993, 
1995a, 1995b; Kasprzak 2003). Several hundreds of aerial photograph were taken during different 
vegetation seasons from 2006 to 2011. Large numbers of polygon structures resembling thermal-
contraction cracks were observed and analysed. Several study sites were selected to perform GPR 
profiles and sedimentological analysis.  
 
4. Results 
 
4.1. Remote Sensing and GIS analysis 
 
Several types of regular features were identified: 

1) Type A: regular polygons with four to eight edges (Fig. 1A). They are varied in dimension 
from several to a dozen metres. In some of the structures smaller polygons were identified 
inside the larger one (Fig. 1B). Thus, they can be interpreted as different generations (older 
and more recent) of cracks.  

2) Type B: irregular polygons with irregular edges (Fig. 1C). They are usually founded on 
slopes. The elongated edges depend on terrain gradient; the shortest ones are perpendicular.  

3) Type C: other structures, not polygon shaped. These belong to different types of structures. 
They are usually elongated (Fig. 1D). Sometimes their shape relates to the curvature of 
slopes. 



 
Figure 1. Examples of possible past permafrost features on aerial photographs: networks of regular 

polygons (A, B, C) and irregular structures (D). Photographs: W. Rączkowski. 
 
4.2. Sample site: Bytkowo  
 
Structures in Bytkowo sites have a regular pattern. Larger polygons have four edges and dimension of 
c.10m. Smaller polygons were identified within and were c.1–2m in diameter.  
 
GPR surveys were done in one grid to achieve three-dimensional images of frost-wedge structures. 
Measurements were taken along 6 crosslines (100Mhz antenna) and 7 crosslines (250Mhz antenna), 
and covered an area of about 27m2. The number of crosslines was different in particular surveys 
because of the antennas’ dimensions. The depth scale of the profiles was determined in reference to 
electromagnetic wave velocity V=0.05m ns-1, on the basis of comparison of depth of frost-wedge 
structures with GPR reflections. GPR soundings revealed the 3D structures of analysed features.  
 
Structures found in the Bytkowo test site are interpreted as polygons of relict sand wedges. The main 
proofs are: (1) regular polygonal shape with several generations of the edges; (2) infill of materials 
distinctly different from host sediments; and (3) characteristic vertical V-shape. 
 
5. Workflow of multidisciplinary approach to study of the frost-wedge polygons 
 
The main aim of this paper was to develop multidisciplinary approach to study past permafrost 
features, mainly frost-wedge polygons. Techniques that are normally used in such kind of studies are 
successful only to a certain extent. Each single technique had some limitation: 

1) RS allowed us to easily distinguish linear or regular features within the soil cover. This 
analysis within the GIS framework can be used relatively easily for large and remote areas 
and thus provide information about the spatial distribution of the features. However, there is 
no possibility to prove the periglacial origin of the features, based only on aerial photography. 
Moreover, there are several other features (among them those created by past human activity, 
i.e. archaeological features), that can be easily misinterpreted as periglacial features.  



2) GPR soundings are useful for the recognition of the vertical dimension of features. They can 
be used for assessing the dimensions of features as well as their 3D images. However, similar 
to RS analysis, there is no possibility to prove that structures found in the GPR profile are of 
periglacial origin.  

3) Sedimentological analysis, done in the field and in the laboratory, can give the most reliable 
proof of the origin of selected features. On the other hand, there are large limitations of 
sedimentlogical analysis: (1) they are very invasive and damage the soil properties; (2) they 
are time- and cost-consuming; and (3) they give results only for small areas.  

 
Analyses carried out during this study suggest that there are many advantages when the 

multidisciplinary approach is used. Proposed workflow is presented on Figure 2. The first step is 
to recognise the polygonal-shaped features, based on aerial photography analysis. The next step is 
to analyse the geometry of the features and relate them to sediments and landforms, as well as to 
existing databases. In the areas where there are suspicions that the polygons are of periglacial 
origin, GPR soundings should be done, for recognition of the depth of the features as well as their 
3D structures. In selected areas, outcrops should be made and sedimentological analysis carried 
out, to confirm the periglacial genesis of studied features.  

  

 
 

Figure 2. Multidisciplinary approach to study the past frost-wedge polygons 
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