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Abstract

My thesis dives into a relevant scientific problem which involves two aspects.
The first corresponds to the need to employ data-driven solutions to cryospheric
hazards in high-latitude landscapes. This is due to the limited data historically
collected across such landscapes and it links to the second aspect: a contribution
in the form of mapping and sharing results with the whole community. In fact, |
have been involved in mapping cryospheric processes such as thaw slumps (TS),
retrogressive thaw slumps (RTS), active layer detachments (ALD), and thermo-
erosion gullies (TEG), and developing susceptibility models for each one of them
and their potential combination. As a sub-theme to my research, | have also
explored whether immovable infrastructure such as cultural heritage sites may be
subjected to any of the processes mentioned above. In fact, if that is the case, the
memories and value associated to such heritage may be lost, especially because
climate projections are expected to further promote permafrost degradation across
the whole Arctic and peri-Arctic regions.

The thesis is divided into three main components, each corresponding to one of
the main experiments | have carried out. In terms of study areas, | have addressed
analogous problems and research applications in Alaskan and Norwegian areas.
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Introduction

The Earth's cryosphere, a critical component of our planet's system, encompasses
regions where water exists predominantly in its solid state. This includes vast
expanses of ice, such as glaciers, ice sheets, and permafrost. The latter is de ned
as subsurface materials that remain continuously at or below© for at least 2
consecutive years (Dobinski, 2011). Permafrost is primarily found in high-latitude
regions of the Arctic and Antarctic, as well as at high altitudes in mountain ranges
around the world (Fig. 1). Covering approximately a quarter of the Northern
Hemisphere's land surface, it is a major element of the Earth's cold regions.

In recent years, permafrost has attracted increasing scienti ¢ interest due to
its sensitive response to climatic variations (Patton et al., 2019). As a thermal
condition, permafrost is not static but responds dynamically to changes in en-
vironmental conditions, particularly temperature (Biskaborn et al., 2019). The
phenomenon of climate change, marked by rising average temperatures and shifts
in weather patterns, is especially evident in the high-latitude regions of the Arctic
and subarctic. This trend has been documented in numerous scienti ¢ studies
(Arctic Climate Impact Assessment, 2004; Francis et al., 2017; | Working Group,
IPCC, 2013; Stocker et al., 2014). In these regions, the increase in average annual
temperatures has been observed to be two to four times higher than the global
average rate over recent decades (Fig. 2). This process is referred to Arctic Am-
pli cation, i.e. the Arctic is warming at a rate signi cantly faster than the global
average (Serreze et al., 2011). Arctic ampli cation has been found in the past
warm and glacial periods as well as in historical observations and climate model
experiments (Ho ert et al., 1992; Miller et al., 2010). Moreover, this accelerated
warming trend is also projected to continue, with Arctic areas expected to expe-
rience even higher rates of warming in the forthcoming century. This projection
is supported by various research ndings (Alexeev et al., 2013; | Working Group,
IPCC, 2013; Masson-Delmotte et al., 2006; Screen et al., 2012), underlining the



2 Introduction

Figure 1: Permafrost distribution in the Northern Hemisphere. Dark blue shows areas
where permafrost is continuous (permafrost over 90-100 percent of the ground area).
Medium blue shows areas where permafrost is discontinuous, but still abundant (50-90
percent of ground area). Light blue shows sporadic permafrost (10-50 percent of ground
area). Palest blue shows where only isolated permafrost exists (0-10 percent of ground
area). Data available at https://neo.gsfc.nasa.gov/view.php?datasetld=Permafr
ostNSIDC(Brown et al., 1997).

critical need for comprehensive understanding and proactive measures in response
to these climatic changes. The explanation for this climatic paradox can be found

in the feedback mechanisms inherent in the Earth's climate system, even if they
do not fully explain the observed trends (Block et al., 2020). Numerous feedback
mechanisms are involved in the acceleration of Arctic warming, particularly in
permafrost regions, and these have been the subject of extensive research. Key
among them is the ice-albedo feedback, a process where the retreat of ice and snow
leads to an increase in the surface absorption of solar radiation (Barry et al., 2022;
Perovich et al., 2007; Serreze et al., 2011). As ice and snow, which are highly
re ective, diminish, darker land or water surfaces are exposed, absorbing more
heat and further contributing to the warming trend. Another signi cant feedback
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