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"Wir sehen in der Natur nie etwas als Einzelnheit, sondern wir sehen alles in Verbindung mit

etwas anderem, das vor ihm, neben ihm, hinter ihm, unter ihm und �uber ihm sich be�ndet."

Johann Wolfgang von Goethe



Zusammenfassung

Die globale Erw•armung, die haupts•achlich durch menschliche Ein
•usse verursacht wird, hat

in den letzten Jahrzehnten stark zugenommen. W•ahrend die Erddurchschnittstemperatur im

Zeitraum des gesamten letzten Jahrhunderts um etwa 0.8°C gestiegen ist, hat die Erw•armung

allein in den letzten 30 Jahren um 0.6°C zugenommen (GISTEMP, 2016; Lenssenet al., 2019).

Die Arktis hat sich mehr als doppelt so schnell erw•armt wie der globale Durchschnitt (Serreze

et al., 2009; Screen and Simmonds, 2010). Diese beschleunigte Erw•armung hat dramatische

Auswirkungen auf eine Vielzahl von Bereichen, einschlie�lich des Auftauens und Wiederge-

frierens von Permafrostb•oden. Die Land
•ache der n•ordlichen Hemisphere ist mit etwa 23 Mil-

lionen km2 zu fast ein Viertel von Permafrost beein
usst. Wenn der Permafrost auftaut, vertieft

sich die aktive Schicht und die j•ahrliche Auftauphase der Permafrostb•oden wird l•anger. Infolge

des Auftauens wird die damit verbundene Bodenwassermobilit•at und die Erosionsrate erh•oht

und dadurch mehr Sedimente und gel•oster organischer Kohlensto� (DOC) in Seen, Fl•ussen,

Grundwasser
•ussen und K•ustengew•assern mobilisiert werden.

Meereiskerne und Wasser aus der darunter liegenden Wassers•aule, wurden aus dem K•ustengebiet

des s•udkanadischen Schelfes der Beaufort-See nahe der Insel Herschel - Qikiqtaruk entnommen,

um den m•oglichen Einbau organischer Sto�e, sowie die Freisetzung durch Winter-landfestes

Meereis zu untersuchen. Meereis- und Wasserproben wurden an zwei sich kreuzenden Transekten

entnommen, bevor die Schmelzsaison im Fr•uhjahr 2019 begann. Analysen von gel•ostem organ-

ischem Kohlensto� (DOC), farbiger gel•oster organischer Substanz (CDOM), Salzgehalt, stabile

Wasserisotopenverh•altnisse sowie suspendierter Partikel (SPM) wurden durchgef•uhrt, um Infor-

mationen dar•uber zu erhalten, wie und wieviel organisches Material w•ahrend der Meereisbildung

im Winter aufgenommen und w•ahrend des Abschmelzens im Fr•uhjahr freigesetzt wird.

Die gemessenen DOC-, CDOM- sowie SPM-Konzentration, sind im Vergleich zu Meereismessun-

gen anderer Studien relativ niedrig. Isotopen- und Salzgehaltsmessungen zeigen an der S•udseite

von Transekt 1, dass die S•u�wasser- und Flussein
•usse im Winter abnehmen, was bedeutet,

dass die S•u�wasserquelle im Laufe des Winters versiegt und dadurch der Fluss als Quelle der

organischen Substanz (OM) nahe liegt. Die Ergebnisse zeigen auch eine signi�kante h•ohere

SPM-Konzentrationen in manchen k•ustennahen Bereichen.

Die aus dieser Studie gewonnnen Daten zeigen, wie emp�ndlich die Regionen der Arktis und

ihre Material- und Kohlensto�
•usse auf steigende Temperaturen reagieren, und deuten darauf

hin, dass die K•ustenerosion schon in Teilen der Wintersaison statt�nden kann.
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Abstract

Global warming, mainly caused by human in
uences, has become much more severe in recent

decades. While the average temperature of the Earth has increased of about 0.8°C over the

time period of the entire last century, the temperature has increased by 0.6°C over only the

past 30 years (GISTEMP, 2016; Lenssenet al., 2019). The Arctic region has warmed more

than twice as fast as the global average (Serrezeet al., 2009; Screen and Simmonds, 2010).

This accelerated heating has dramatic e�ects on a wide range of �elds including the thawing

and re-freezing processes of permafrost soils. Almost a quarter of the land area of the northern

hemisphere is in
uenced by permafrost at around 23 million km2. When the permafrost thaws,

the active layer deepens and the annual thawing phase of the permafrost soils becomes longer.

A result of the thawing is the associated soil water mobility and an increased rate of erosion,

causing more sediment and dissolved organic carbon (DOC) to be deposited in lakes, rivers,

groundwater 
uxes and coastal waters.

In this work, sea ice cores and water from the water column below were sampled from the coastal

area in the southern Canadian shelf of the Beaufort Sea, near Herschel Island - Qikiqtaruk, in

order to investigate the possible incorporation of organic substances and the release from winter

land-fast ice. The samples were collected from two intersecting transects, before the beginning of

the melting season in spring 2019. Analyses of DOC, colored dissolved organic matter (CDOM),

salinity, water isotope ratios as well as suspended particulate matter (SPM) were made, to gain

information on how organic matter has been incorporated and released during the winter freeze

up and through the season.

The measured DOC-, CDOM- and SPM-concentrations are relatively low compared to sea ice

concentrations measured in other studies. Isotopes and salinity measurements show decreasing

freshwater and river in
uences at the south side of transect 1 through the winter, meaning

that the freshwater source petered out through the course of winter and through that giving

indication of the river as the organic matter source. Results also showed a signi�cantly higher

SPM concentrations at the near shore north side of transect 1 and the west near shore side of

transect 2.

The data obtained from this study show how sensitive the regions of the Arctic and their

material- and carbon-
uxes react to rising temperatures and suggest that coastal erosion can

occur already as early as part of the winter season.
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Chapter 1

Introduction

1.1 Scienti�c background

The oceans of the earth contain roughly the same amount of carbon, in the form of dissolved

organic matter (DOM), as is present in our atmosphere in the form of carbon dioxide (CO2)

(Hansell and Carlson, 2001). The mass of carbon found within the soils of the earth is higher

than the masses of carbon in our atmosphere and in the entire living biomasses combined (Ciais

et al., 2014). The main sources of terrigenous organic matter (OM) to the oceans are rivers,

groundwater discharges, coastal erosion, sea ice inputs and aeolian material 
uxes (Steinet al.,

2004; Raymondet al., 1999). When global temperatures rise, profound geological e�ects can be

triggered and the organic matter supply to the seas increase through a stronger river 
ux input,

as well as eroding coastlines through thawing of permafrost (Fritzet al., 2017; Schuuret al.,

2015; Freemanet al., 2001; Freemanet al., 2004; Frey and Smith, 2005). Since permafrost soil

can only exist under temperature conditions which are below the freezing point, its existence

is particularly endangered by rising air temperatures and changing climatic conditions and the

eventual release of more greenhouse gases is expected (Christiansenet al., 2010; Vieira et al.,

2010).

With the trend of rising temperatures over the past decades (Hansenet al., 2010), connected

with greenhouse gases (Petitet al., 1999), humans bringing their emission each year to new level

highs (Friedlingstein et al., 2019), the projections for the future not look very good (Meehlet al.,

2007; Collins et al., 2013; Slateret al., 2020). The prospects are especially bad for vulnerable

regions of the Arctic and Antarctica (Serrezeet al., 2007; Maslaniket al., 2007; J. Comisoet al.,

2007; Schaeferet al., 2014), which store a tremendous amount of carbon within their regions

of permafrost. Recent studies calculated the global stock of soil organic carbon only within the

permafrost to be around 1325 Pg (K•ochy et al., 2015). For comparison, it is estimated that

since 1850, with the beginning of the industrial revolution, about 440± 20 Pg C was produced

by humans and entered the atmosphere (Friedlingsteinet al., 2019).

Next to those regions of high elevations, the temperature within the atmosphere has not in-

creased faster anywhere than in the polar regions (Pepinet al., 2015) and nowhere else can the

results of the global warming be observed more obviously than at the polar regions with visible

1



CHAPTER 1. INTRODUCTION

Figure 1.1: Permafrost extent in 2003 compared to 2017. Continuous permafrost is de�ned as a
continuous area with frozen material beneath the land surface, except for large bodies of
water. None-continuous permafrost is broken up into separate areas and can either be
discontinuous, isolated or sporadic. It is considered isolated if less than 10% of the surface
has permafrost below, while sporadic means 10%-50% of the surface has permafrost below,
while discontinuous is considered 50%-90%. From: Permafrost CCI, Obu et al, 2019 via
the CEDA archive

thawing and vanishing of the permafrost, only withing the last decades (Fig.: 1.1).

Even if one assumes that the earth does not warm more than 2°C by 2100, the impact on per-

mafrost would be catastrophic, with an estimated 40% loss (Chadburnet al., 2017).

Along with thawing other processes are likely to go hand in hand or be initiated, which will

then further accelerate climate change. It can for example be assumed that, as a result of the

thawing, microorganisms will increasingly begin to decompose the carbon that was previously

stored in the permafrost soil and thereby release large quantities of the greenhouse gases, carbon

dioxide and methane, into the atmosphere (Schaeferet al., 2014; Schuuret al., 2015). This in

turn will a�ect other areas, such as the eco and hydro systems but also those of infrastructure

(Bowden, 2010; Larsen and Fondahl, 2015; Radosavljevicet al., 2016; Hjort et al., 2018).

For many years now the Arctic, the ice and the carbon cycle has gained the focus of researchers

from all �elds (Stein et al., 2004) providing a better understanding and view on these highly

important regions and matter.

There have been many improvements made in the �eld on gaining data by remote sensing from

satellite pictures. For example, this is used to estimate the DOC concentration and 
uxes in

the waters for certain regions or oceans, by analysing the colored part of the dissolved organic

matter, also known as CDOM (Matsuoka et al., 2017), providing e.g. insights about the source,

the physiochemical as well as biological processes (Matsuokaet al., 2012). Others have used re-

mote sensing technology to measure suspended particulate matter (SPM) concentrations within

the waters (Li et al., 2015; Fettweis and Nechad, 2011), for tracking turbid river plumes or to

2
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study the horizontal distribution, sinks and sources of SPM (Sathyendranath, 2000).

Isotopic data, on the other hand, yield important information about the origin and sources of

di�erent waters or can also be used for the reconstruction and determination of the paleoclimate

(Dansgaard, 1964; Meyeret al., 2002). When combining isotopic analysis with other hydro-

chemical properties, including CDOM and DOC, a more detailed and speci�c analysis on the

origin and characteristics of ice and/or water samples can be achieved (Fritzet al., 2011; Juhls

et al., 2020).

When it comes to in situ measurements, the focus of the research and expeditions for the polar

regions has been narrowed down to those month of the year which make the region accessible

to scientists. Due to the natural barriers given in the winter such as ice, cold temperatures and

darkness (R. Macdonaldet al., 1999), a sort of biased look through those brief warmer months

has been created. The quanti�cation of carbon 
uxes from thawing permafrost, melting ground

ice and coastal erosion and here in particular the role of winter sea ice in terms of incorporating,

transporting and releasing carbon and particulates has still not been researched well enough to

fully understand the carbon cycle and budget for this region (R. Macdonaldet al., 1998; Fritz

et al., 2015).

1.2 Aims & objectives

The aim of this thesis is to quantify the organic material in winter landfast ice with regard to the

concentration and distribution within the ice cores regionally spanned over the two transects,

and to analyze it with regard to its origin and potential release.

For this purpose, ice cores and the associated water samples from the water column below are

examined for DOC, CDOM, salinity, water isotopes and the SPM entry. Not only are respective

concentrations within the various ice cores quanti�ed and analyzed, but also the concentrations

in the regional distribution over the two transects are compared.

In advance, the following hypothesis was put forward:

Organic material from the thawing permafrost soils and the eroding coasts also accumulates in

�rst year sea ice over the course of winter.

3



Chapter 2

Study Area

2.1 The Arctic Ocean and the Beaufort Sea

The study area with its two transects is located on the Canadian continental shelf along the

Yukon Coast of the southern Beaufort Sea and is therefore part of the Arctic Ocean (AO) (Fig.

2.1).

The Arctic Ocean is connected to the Atlantic Ocean over a length of 1500 km and to the Paci�c

Ocean over a length of 85 km, via the Bering Strait. It holds an area of about 14x106 km2,

which is almost the same size as Antarctica and with that, the AO is the smallest of the �ve

major oceans on Earth.

Although the AO contains only 1% of the worlds ocean water, it receives 11% of the global

runo� (Shiklomanov, 1993). Due to its position as the so called "Arctic Ocean River Basin"

(AORB) (Lewis et al., 2000), it becomes a major player within the global water cycle.

The AO consists of the world's largest shelf seas (Barents, Kara, Laptev, East Siberian, Chukchi,

Beaufort and Lincoln Sea), which make up as much as 52.7 % of the entire area of the Arctic

Ocean (Steinet al., 2004).

The continental shelf of the Beaufort Sea, compared to the others of the AO, is rather narrow

(Fig. 2.1). Only close to the Mackenzie River mouth does it widen up to 145 km (Fig. 2.2).

These shelf regions of the Beaufort sea are subject to strong seasonal changes, during the summer

being almost ice-free while they are almost entirely covered with ice in winter. The cold surface

water layer of the Mackenzie Shelf has been found to have a low density compared to other shelf

regions, due to the mixing with River runo�, sea ice melt and the in
uence of the low saline

Paci�c waters (Rudels et al., 1996).

Close to the coast the depth of the Beaufort Sea does not exceed more than 60 m, compared

to the further o�shore regions in the north, where the depth increases rapidly up to a few

kilometers, forming the massive "Canada Abyssal Plain" (Fig. 2.2).

The most important sources of freshwater and terrigenous OC, to the shelf seas and the AO,

are large river and ground water discharges, coastal erosion, sea ice inputs and aeolian material


uxes (Rachold et al., 2004). The top �ve rivers in terms of annual volumetric water discharge

to the AO are: Yenisei, Lena, Ob, Mackenzie and Yukon River respectively. The Yenisei, Lena
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