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Abstract

Global climate change in uences the soil temperature and active layer freeze-
thaw processes in Arctic permafrost soils. Increasing permafrost temperatures have
been extensively studied, but changes in seasonal freeze-thaw processes have often
been less regarded. This work aimed to examine the variability of the active layer
freeze-back onset and duration at the Arctic research site on Samoylov Island at
the Lena River Delta in northeastern Siberia. Samoylov is underlain by continuous
permafrost and characterized by a polygonal tundra landscape. | analyzed soil tem-
perature data from 2014 to 2020 with respect to the polygon’s microtopography. |
estimated the timing of freeze-back at di erent depths in both the elevated rim and
topographically lower center of the polygon and investigated the e ect of snow cover
accumulation on this process. During the study period, freeze-back started between
September and October and ended between October and January. Between di er-
ent depths, freeze-back onset was relatively stable while the duration showed more
variability. Shallow depths refroze sooner than greater depths. | observed a shift
between 7d to 11d towards later freeze-back onset at the polygon rim and center.
While freeze-back duration was relatively stable in the upper part of the polygon
rim, the polygon center and deeper layers at the rim showed great inter-annual
variability. A notably long freeze-back duration occurred in 2015, 2016, and 2020.
Meanwhile, freeze-back at the polygon center started later and took longer com-
pared to the rim. Interestingly, the date of the rst snowfall did not have a distinct
impact on the freeze-back process. While the freeze-back onset was more closely
connected to the air temperature, the duration was more likely in uenced by snow
depth, snow water equivalent (SWE), and volumetric water content (VWC). This
work emphasizes the importance of gaining a more comprehensive understanding of
freeze processes, their drivers, and the role of soil microtopography. It highlights
the need to consider the variations in both process and drivers across di erent to-

pographical features when assessing active layer conditions.



Kurzfassung

Der globale Klimawandel beein usst die Temperatur und die Tau- und Gefrier-
prozesse der Auftauschicht in arktischen Permafrostboden. Steigende Temperaturen
im Permafrost wurde ausfuhrlich untersucht, aber die Veranderungen der saisona-
len Auftau- und Ruckfrierprozesse wurden oft weniger beachtet. Ziel dieser Arbeit
war es, die Variabilitat des Einsetztens und der Dauer des Ruckfrierprozesses der
Auftauschicht auf der arktischen Insel Samoylov in nordost Sibirien zu untersu-
chen. Samoylov ist durch kontinuierlichen Permafrost und eine polygonale Tundra-
landschaft gepragt. Ich habe die Bodentemperatur zwischen 2014 und 2020 unter
Berucksichtigung der Mikrotopographie des Polygons analysiert. Ich habe den Start
und die Dauer des Ruckfrierprozesses in verschiedenen Tiefen im erhohten Rand
und im topographisch tieferen Zentrum des Polygons ermittelt und den Ein uss
der Schneeakkumulation auf den Prozess untersucht. Wahrend des Untersuchungs-
zeitraums begann der Ruckfrierprozess zwischen September und Oktober und en-
dete zwischen Oktober und Januar. In den verschiedenen Tiefen war der Start des
Prozesses relativ stabil, wahrend die Dauer gro ere Abweichungen aufweist. Ge-
ringe Tiefen gefroren schneller als gro ere Tiefen. Ich habe eine Verschiebung des
Ruckfrierstarts zwischen 7 und 11 Tagen in beiden Teilen des Polygons festgestellt.
Die Ruckfrierdauer war im oberen Teil des Polygonrandes relativ stabil, wahrend
sie im Polygonzentrum und im tieferen Teil des Randes hohe jahrliche Variabilitat
aufwies. Die Jahre 2015, 2016 und 2020 zeigten eine au allend lange Ruckfrierdauer.
Wahrenddessen begann der Ruck rerprozess im Polygonzentrum spater und dau-
erte langer als im Polygonrand. Interessanterweise hatte die Schneeakkumulation
keinen eindeutigen Ein uss auf den Ruckfrierprozess. Wahrend der Start des Pro-
zesses eher mit der Lufttemperatur zusammenhing, wurde die Dauer vermutlich
mehr durch die Schneehohe, das Schnee-Wasseraquivalent und die Bodenfeuchte be-
ein usst. Diese Arbeit betont die Bedeutung eines umfangreicheren Verstandnisses
der Ruckfrierprozesse, ihrer Ein ussgro en und der Rolle der Mikrotopographie des
Bodens. Sie betont die Notwendigkeit, Unterschiede der Ruckfrierprozesse und ihrer
Ein ussgro en unter Berucksichtigung topographischer Eigenschaften zu betrach-

ten, um die Bedingungen der Auftauschicht angemessen bewerten zu konnen.
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1 INTRODUCTION

1 Introduction

Anthropogenic climate change, which encompasses more frequent and severe weather and
climate extremes, has led to prevalent negative consequences for both nature and people
(IPCC, 2022). The Intergovernmental Panel on Climate Change (IPCC) projects further

air temperature rise and global warming to reach:® C in the near future (IPCC, 2022).

This development will e ectively put the Arctic region at high risk of experiencing po-
tentially irreversible changes (Constable et al., 2022). The Arctic is already experiencing
exceptional climate change impacts such as an enhanced loss of sea ice, glacier and ice
sheet mass, increasing wild res, changing snowmelt rates and periods, and permafrost
thaw (Constable et al., 2022). Due to the Arctic ampli cation, Arctic air temperatures

are on average rising more than twice as fast as the global mean (Constable et al., 2022).
Arctic ampli cation describes the feedback process induced by global warming. As a
result of rising air temperatures, snow and sea ice cover decreases. The loss of these
highly re ective surfaces leads to more solar radiation being absorbed, thus amplifying
further warming (AMAP, 2021). This e ect is especially prevalent in autumn and winter
(Constable et al., 2022). Since the polar regions serve as crucial regulators of the climate
system (Constable et al., 2022) and the Arctic is a potential climate tipping element
(Lenton et al., 2008), possible changes induced by further climate change will pose great
risks for the global climate. Thawing permafrost is one of the multiple climatic impacts
the Arctic is already experiencing, leading to critical changes for Arctic settlements and
economies (Constable et al., 2022).

Permafrost is de ned as earth material that remains at or below OC for at least two
consecutive years (Van Everdingen, 1998). It is abundant in large parts of the Northern
Hemisphere (see Section 2), most of it located within the Arctic region. Global warming
leads to increasing ground temperatures in permafrost regions, thus inducing permafrost
thaw. This encompasses a deepening of the seasonally thawing and freezing, so-called
"active layer" (Van Everdingen, 1998), with critical consequences. Permafrost degradation

can impact surface stability and lead to carbon decay, inducing further climatic feedback



1 INTRODUCTION

processes (Duchkov, 2006; Zimov et al., 2006; Schaefer et al., 2011; Schuur et al., 2015;
Janowiak et al., 2017; Vincent et al., 2017).

In order to appropriately assess the challenges and mitigate the consequences caused
by permafrost degradation, it is crucial to understand the interactions of permafrost with
further climate and land surface characteristics. These include for instance air tempera-
ture, vegetation, precipitation, disturbance, and pollution. A better understanding of soil
properties and the dynamics of the seasonal thawing and freezing processes of the active
layer is important as well. Many studies have investigated permafrost and its changing
characteristics in the past decades (e.g. Grigoriev, 1960; Gold and Lachenbruch, 1973;
Zhang et al., 1997; Duchkov, 2006; Boike et al., 2013; Kitover et al., 2013; Vincent et al.,
2017; Biskaborn et al., 2019).

A lot of attention has been drawn toward the active layer of permafrost. The sea-
sonal thawing and freezing processes of the active layer are highly variable and closely
connected to the prevalent local conditions of climate, snow cover, and soil properties
such as moisture, substrate, and conductivity (Vincent et al., 2017). Furthermore, these
processes behave dierently at the di erent depths within the soil prole and are also
impacted by the soil's topography. For example, phase-change processes at sites with
patterned ground might show a higher spatial variability (e.g. Yi et al., 2019) than those
at sites with plain surfaces. Many studies have examined the thaw- and freeze cycles of
the active layer at various permafrost sites (e.g. Boike et al., 1998; Hinkel et al., 2001,
Wagner et al., 2003; Park et al., 2011; Luo et al., 2014; Yi et al., 2014), but fewer studies
paid detailed attention to the freeze-back process at di erent depths with respect to the
soil's topography (e.g. Hinkel et al., 1990; Osterkamp and Romanovsky, 1997; Yi et al.,
2019). While it is crucial to understand the thawing and freezing processes of the active
layer as a whole, getting a detailed look at the freeze-back process itself is also important.

The Arctic ampli cation e ect is especially strong in autumn and winter, the cold sea-
son when the soil starts to freeze. The surface warming associated with this e ect could
impact the timing of active layer freeze-back. Active layer freezing is also in uenced by

the insulating properties of snow cover (Goodrich, 1982; Zhang et al., 1997; Stieglitz et al.,
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2003; Park et al., 2015; Vincent et al., 2017; Yi et al., 2019), which is expected to change
due to climate warming (Stieglitz et al., 2003; Callaghan et al., 2011; Vincent et al., 2017).
Thus, it is important to gain a better understanding of the active layer freeze-back process
and its development in order to further estimate the current and future development of

permafrost active layer conditions.

In this work, | addressed the following research questions:

" When did the active layer begin to freeze and how long did the freeze-back process

take?

" In what way did the freeze-back process vary between the rim and the center of a

polygon?
" How did the freeze-back behave at di erent depths?
" What kind of changes could be observed during the study period?

The following part of this section contains a description of the study site. Section 2

provides the theoretical background of this work and Section 3 contains the hypotheses
and the data and methods | used in this work. The results of my analysis are described
in Section 4 and discussed in Section 5. A summary of this work and nal conclusions

are given in Section 6.

1.1 Study site

The study site was located on Samoylov Island at 7R, 126 E, which lies within the
southern part of the Lena River Delta in northeastern Siberia, as shown in Figure 1.
The Lena River Delta consists of 1,500 islands and three di erent river terraces. The
rst and youngest terrace was formed during the Holocene and is characterized by a
polygonal tundra landscape with thermokarst lakes and an active oodplain. The second
terrace developed between the early Holocene and late Pleistocene and consists of sandy

sediments and thermokarst lakes. The third terrace is the oldest river terrace of the Lena

3
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