Ice-wedge volume calculation in Yedoma and thermokarst deposits
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Introduction and Background

Detailed knowledge of ground-ice content and distribution is necessary to predict local-scale landscape changes and to safely plan infrastructure in permafrost regions. In addition, ground-ice content
is a major factor for assessments of organic carbon (OC) pools in permafrost deposits. Estimates for OC pools below the active layer have especially large uncertainties due to limited data on ground-
ice. While the volume of pote and segregated ice can be readily quantified from sediment samples of known volume and weight taken from cores or exposutes, it is challenging to quantify the volume
of large ice bodies, such as ice wedges that are rarely exposed to their full extent.

A simple GIS-based tool for WIV calculations is presented that relies on remote sensing and limited ground data, which can easily be modified and applied to other permafrost regions with polygonal-
patterned ground. The approach is based on mapping ice-wedge polygonal networks from very-high-resolution satellite remote-sensing imagery in addition to basic field knowledge of wedge-ice type,
depth, and width. We further compare WIV results from ice-rich permafrost landscapes in Siberia and Alaska as well as differentiate WIV in landscape units containing late Pleistocene syngenetically
frozen ice-rich deposits (Yedoma) and Holocene, epigenetic permafrost deposits in drained thermokarst-lake basins.

Procedure for wedge-ice volume calculations Study sites
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Case study sites were chosen based on the availabilty
of remote sensing data and field or literature data on
ice-wedge dimension (see Table 1).
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Manually-mapped polygonal patterns (white lines) and automatically-derived Thiessen polygons (blue lines). For

- RN S B
WIV is calculated as the difference between the total volume (volume below an imaginary each site, polygonal networks on thermokarst-basin deposits are shown on the left and polygonal networks on
surface plane) and the 3D SSMs. The resulting vextor layer divides the volumes for the Yedoma deposits are shown on the right side. White values correspond to the average of mapped polygon sizes
ice wedges (blue) and the polygon centre sediments (blaclo. and baydzherakh distances. Blue values indicate the average of Thiessen polygon sizes.
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3D SSM for a reconstructed polygonal Table 1 is showing the range of ice-wedge sizes used as input for 3D SSMs and resulting wedge-ice volumes. : )
network on Yedoma deposits of 45 7.7
Ebe-Basyn-Sise Island. Table 2 shows the calculated equivalent ground-ice thickness (EGIT) from the WIV range of all study sites 50 3.4
for Yedoma deposits of various thicknesses.
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