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Abstract

Climate models use input parameters from early aggregated measurement data to simulate
arctic scenarios. Using coarsly resolved input causes a statisticial uncertainty which gets
passed through the rest of the computation process by error propagation.

To identify this extent of this error with regard of thermal properties, soil samples were
gathered from three locations on Kurungnakh island in the Lena River Delta, Siberia/Russia.
Comparable soil layers were investigated concerning the variability of the share of their soil
constituents (air, ice, organic matter, solid matter, water) as well as their thermal properties
(volumetric heat capacity, volumetric thermal conductivity, thermal di usivity). As measure
of variability, the coe cient of variation CV was used. The sites vary more in the composition
of their constituents than in their thermal properties. 56.25 % of soil content CVs but only
16.6 % of thermal property CV's lie above 25 %.

Furthermore, it was investigated if input parameters like thermal di usivity di er depending
on if the moment of data aggregation is hastened. A t-test was conducted to examine the
likeliness of a match of the mean of thermal di usivity calculated for individual samples and
a value that is calculated from means as intermediate result. When values vary strongly
at the moment of aggregation, it was more likely that the hypothesis of that the resulting
thermal di usivity value equals the mean value of thermal di usivity of individual samples
could be rejected on the 5-% signi cance level. This is the case when averaging soil content
shares.

These ndings indicate that resolving soil constituents on a ne scale is important to
accurately model thermal properties. Errors made by those models which assume homogeneous
soils over large grid-cells might be signi cant.
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Zusammenfassung

Klima Modelle verwenden zur Simulation von arktischen Szenarien oft Eingangsgroyen
aus Messdaten, die frih zu Mittelwerten zusammen gefasst wurden. Dies verursacht eine
statistische Unsicherheit, die sich als Fehlerfortp anzung durch den gesamten Rechenprozess
zieht.

Um das Ausmay dieses Fehler auf die Warmeeigenschaften festzustellen, wurden auf
der Insel Kurungnakh im Delta der Lena, Sibirien/Russland an drei Standorten im Relief
Proben genommen. Vergleichbare Béden Horizonte wurden nach der Variabilitdt des Anteils
ihrer physikalischen Bestandteile (Luft, Eis, Organik, Feststo e, Wasser) sowie thermischen
Eigenschaften (volumetrische Warmekapazitat, volumetrische Warmeleitfahigkeit, Warmedif-
fusivitat) untersucht. Als May der Streung wurde der Variationskoe zient CV verwendet.
Dabei hat sich herausgestellt, dass sich die Standorte stérker in ihren physikalischen unter-
scheiden als in ihren thermischen Eigenschaften. So liegen 56.25 % der CV von Bodenanteile
aber nur 16.6 % der CV von thermischen Eigenschaften Uber 25 %.

Auyerdem wurde untersucht, ob sich Eingangsgroyen fur Modelle, wie die Warmedi usivitat,
verandern, wenn der Moment der Aggregierung vorgezogen wird. Dazu wurde mit einem t-test
die Wahrscheinlichkeit berechnet ob der Durchschnitt aus Wéarmedi usivitatswerten einzelner
Proben mit einem Wert fur Warmedi usivitat tberein stimmt, der aus Durchschnittswerten
als Zwischenergebnis berechnet wurde. Bei einer hohen Streuung der Werte zum Zeitpunkt der
Aggregierung konnte auf dem 5-% Signi kanzniveau abgelehnt werden, dass der resultierende
Warmedi usivitatswert mit dem Durchschnittswert aus Warmedi usivitaten einzelner Proben
ubereinstimmt. Das ist der Fall wenn Uber die Bodenanteile gemittelt wird.

Die gewonnen Erkenntnisse legen nahe, dass es wichtig ist physikalische Bodenanteile
hochaufzuldsen um Warmeeigenschaften prazise zu modellieren. Die Unscharfe von Modellen,
die homogene Bdden Uber groye Au 6sungsraster annehmen, kénnte erheblich sein.






1 Introduction

The role of permafrost degradation and its potential to accelerate climate change has been
discussed by scientists for quite some time now (Vincent et al. (2017), Mars and Houseknecht
(2007)). Higher temperatures in the arctic tundra have a positive e ect on microbiological
activity. This enhances the decomposition of soil organic matter (SOM) within the active
layer of permafrost-a ected soils (Walz et al., 2017).

Permafrost-a ected soils are de ned as ground that maintains a temperature below G
for more than two consecutive years. This ground can consist of bedrock, sediment, soil
or organic matter and may contain ground ice (Grosse et al., 2011). Permafrost-a ected
soils are further vertically subdivided into an active-layer, which is a ected by seasonal
thawing, and an underlying frozen-layer, which stays frozen throughout the entire year, even
through summer. Of particular signi cance are the 1,387,000 kiv(Strauss et al., 2013) of

Figure 1: Distribution of Siberian and Alaskan Yedoma regions. Taken from Strauss et al. (2013)

Yedoma Ice-Complex landscapes (see gure 1) of the permafrost region in the Northern
Hemisphere that are considered ice-rich in the upper 10 meters (with more than 20 % excess
ice content). Those syngenetic, i.e. growing at the pace as the surrounding permafrost table,
frozen deposits consist of ne-grained and ice-rich material and are widely distributed in
the lowlands of Northeastern Siberia, Alaska and Northwestern Canada. Scientists refer to



CHAPTER 1. INTRODUCTION

those deposits as "Yedoma" or "lce-Complex" in Siberia and as "muck" in North America
(Schirrmeister et al., 2013). These deposits are comprised mainly of silt but also contain a
high amount of organic matter. The organic carbon pool of the total Yedoma region that

is vulnerable to thawing is estimated to 211+ 160- 153 Pg organic carbon (Strauss et al.,
2013). In areas dominated by polygonal tundra, ice-wedges are forming. Those ice-wedges
are the result of the repeated process of frost-cracking of the frozen ground in winter. The
cracks Il with snow-melt water in spring which freezes again in winter and forms ice-veins
(Schirrmeister et al., 2017).

One broad branch of climate research is based on climate models. It is vital to set these
models up in an appropriate way to gain reliable results. For example it is important to
choose the right size of the grid-cells in models to simulate how quick and deeply soils thaw.
Numerical models use many parameters and depend on reliable input which is based on real
measurements. To represent permafrost-a ected soils correctly, it is important to evaluate
these vital parameters e.g. of thawing. Those parameters re ect for example the soils ability
to transfer (thermal conductivity) and store (heat capacity) heat.

This bachelor thesis shall examine the variability of soil properties within the active layer of
Yedoma Ice complex with regards to landscape con guration. For this purpose, measurements
were conducted on Kurungnak island in the delta of the Lena River. The Lena River Delta is
bordering the Laptew Sea in the Northeastern Part of the Russian Federation. This delta
consists mainly of holocene and some pleistocene sediments and represents with a size of
32,000 kn? (Hubberten et al., 2006) the largest delta in the Arctic and one of the largest
in the world. About 24.1010°t of sediment is transported by with the river discharge and
ows into the Laptev sea each year, more than 70 % of that is attributed to the Lena-Delta
(Rachold et al., 2000).

On three speci c sites (A,C,D) soil pro les were dug (see gure 2). These sites were chosen
in cooperation with another study which examined frozen core samples of deeper levels of
permafrost excavated by drilling. At Site B, located near a rst-order stream, only frozen core
samples were taken, which are not included in this thesis. Samples of comparable horizons
were taken to measure relative parameter distribution. The shares of the individual soil
constituents were quanti ed and thermal properties were calculated. Spatial variability is
unavoidable but becomes a problem the higher the variability or the smaller the space is.
Di erences in the landscape need to be identi ed and characterized to reduce small-scale
variability. Hypotheses are accordingly:

(1) the standard deviation of each soil component (air, ice, organic material, solid material,
water), within the comparable layers of all sites, is higher than their respective arithmetic
mean.

It is important to test this variability additionally with the thermal properties because there

is no linear dependence between soil composition and thermal properties:

(2) the standard deviation of thermal properties (heat capacity, thermal conductivity, thermal
di usivity), within the comparable layers of all sites, is higher than their respective arithmetic
mean.

Lastly, it will be investigated if thermal properties of a comparable layer di er depending
on how they are calculated: (a) Thermal properties are calculated for each measurement
site and then aggregated. (b) measurements of the soil components are rst aggregated
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