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Abstract

Reconstructing historic landscapes responses to a range of factors contributed by natural
processes and anthropogenic activities is an important part of understanding why natural
systems fluctuate between stable and unstable conditions. In doing so hew understanding of
landscape resilience in a dynamic environment can emerge and ultimately lead to new ideas

for sustainable management.

To understand the natural and cultural features interacting on the Graenavatn farm estate,
this study assesses factors of historical land management, climate change and natural
catastrophes and their contribution to changing vegetation cover and soil erosion over
extended periods of time. To do so a range of data is considered on the effect of soil and
vegetation properties sourced from soil accumulation rates, tephrochronology, ice-core
records, pollen analysis, micromorphology and historical records.

The results demonstrate a complex interaction of natural processes, such as fluvial, climate
and natural volcanic catastrophes influencing the stability of the landscape before Landnam.
Changes in vegetation post-Landnam initiated by anthropogenic influences extended the
natural process, resulting in instability with varying severity of land degradation. The
landscape did show some recovery identified in the proxy data from micromorphology and
pollen records pre-1477 AD. However, anthropogenic activities and deteriorating climatic
conditions from 1717 AD shows a reversal in soil conditions and a subsequent increase in
erosion which was beyond the ability of the natural system to recover, resulting in the severe

land degradation visible today.



Introduction

1.1 Introduction

Landscapes are generally considered to be temporally and spatially adapting to complex
natural processes or anthropogenic activities (Farina, 2006). A natural landscape will be
exposed to a range of stresses, shocks and disturbances and may fluctuate between stable
and unstable. The range of factors can be contributed by both society and nature, and
include fire, flooding, climatic conditions and biomass removal (Pearce & Barbier, 2000: Wild,
2003: Walker & Salt, 2006 ) . | f the | andscapeds natur al
function and structure after stress factors being imposed on it, it may be considered to be a
resilient and stable environment. However if the complex interactions of natural functions
are extended the result can be instability with varying severity of land degradation (Gallopin,
2006). As described by Olafsdottir & Gudmundsson (2002) key indicators of landscape
responses to stress factors are changes in the most basic multi-functional of all natural

systems i the vegetation and soil properties.

This dissertation will focus on the resilience of the landscape at Graenavatn farm estate i
Myvatnssveit north-east Iceland. Research carried out previously substantiates the estate
supported historically three farms - Oddastadir (Adderley, et al, 2008), Sveigakét (Simpson et
al., 2004) and Graenavatn together with a réttir (sheep pen) (Aldred & Madsen, unpublished).
Graenavatn is the only farm still to remain today in the estate which is currently experiencing
vast areas of severe soil erosion. The interactions of natural and cultural features present on
the estate and their interactions are poorly understood, making it an important area for
research. The aim of this study is to assess landscape responses to natural and cultural
factors on a temporal scale and understand the historical processes that contributed to the
soil stability / instability and vegetation changes in a dynamic landscape.

Landscapes comprise a dynamic soil function which has been generally thought of as a static
component of the terrestrial ecosystem (Lal, 1997: Sivakumar & Ndiang'ui, 2007). However
it has been suggested by Richter & Markewitzn (2001) that soil is a more dynamic system
and can substantially change in many properties. Soils can be considered to be a renewable
resource formed to temporal scales of over 1000 years. It has been reported that 83% of the
terrestrial land has been influenced by humans thus a key concern of many parts of the world
is when natural erosion rates are accelerated significantly by human activity (Wild, 2003).

Continued intensification of inappropriate farming techniques are, in part causing soils to be
degraded both physically and chemically resulting in poor soil structure and depleted soll
fertility (UNEP & EEA, 2000: Lal, 2003). This is exemplified in the various reports of
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landscape degradation in Iceland by authors such as Arnalds & Kimble (2001), Olafsdéttir &
Gudmundsson (2002), and Simpson et al., (2004).

Iceland is widely recognised to be the most degraded country of northern Europe with vast
areas of the ecosystem devastated by soil erosion (Arnalds, 2000; Simpson et al., 2004).
Many previous case studies have debated on the causes of these conditions in Iceland as
there is no or very limited evidence of rapid degradation before the colonisation Landnam
(Old Norse 1 landtake) by the Norse Vikings 874 AD. Numerous approaches to explain the
severity of land degradation and soil erosion have been attributed to the interaction of
different pressures including agricultural expansion specifically animal husbandry (Simpson
et al., 2004), climatic variations (Bergthorsson, 1985: Haraldsson & Olafsdottir, 2003) and
natural disasters especially volcanic events (Dugmore, et al., 2009), although most research
corroborates that the initiating stress factor that set in motion the accelerated degradation
trends was anthropogenic. It should be noted that Landnam may not directly cause the soil
to degrade; it is however what the population does that determines the extent of the
degradation (Lal, 1997).

The Icelandic landscape is characterised by vast areas of barren desert resulting in the
majority of the island being uninhabitable (Bolender, et al., 2008). Prior to landnam Iceland
was considered to be a well-vegetated fertile island (Arnalds & Barkarson, 2003). This is
further supported by Berglund (2003) who demonstrated from pollen analyses in Northwest
Europe that human activities in the landscape resulted in deforestation and a loss of 50% of
the original vegetation throughout Iceland (Runolfsson, 1987). Removal of vegetation cover
by grazing animals and forest cutting for fuel resources has been considered by Simpson et

al., (2004) to have directly contributed to this environmental imbalance.

A key to understanding present land problems is to understand the original nature of the
landscape and evaluate temporal patterns from factors being imposed on it. The principal
reason for integrated historic and scientific research in Iceland is its uniqueness as the
history of anthropogenic activity can be dated back to an exact decade landnam. Moreover
the significance of soil profiles for this area is the distinct tephra layers (volcanic ash) which
have been preserved in the soil (Olafsdéttir & Gudmundsson, 2002). Each individual layer
can be identified by their -pwnalbkselgnmauvked har
allows for dating and are of considerable use when reconstructing accurate spatial soil
profiles (Dugmore et al., 2005; 23-24).

Ultimately the tephra layer landndm provides a baseline of pristine landscape which can be
considered of vital importance when assessing erosion signhals. Thus being able to
distinguish between trends and cycles in historic soils which can be used to compare
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between pre-settlement and post-settlement (Simpson et al., 2004).

This study aims to identify relationships between land degradation and stress disturbances
including fluvial, volcanic, climate and human related stress impacts from grazing pressure
(Figure 1). This will be achieved by considering historical records and environmental data
that includes soil accumulation rates and pollen samples collected during field work in
Iceland in June/July 2009. In doing so new understanding of landscape resilience in a

dynamic environment can emerge and ultimately lead to sustainable management.

Land
resilience
|
\ .
Natural Erosion
catastrophe - wind
Figure 1 - An overview of natural and integrated interactions influencing land degradation

(adapted from Haraldsson & Olafsdattir, 2003)

1.2 Iceland: Settlement and Landscape Change

Prior to the 9™ Century the Island of Iceland was almost completely uninhabited. Ahronson
(2002) surmised that a few Irish monks (papar) had previously settled on the island although
no archaeological evidence has been found to substantiate this fact (Dugmore et al., 2005).
The discovery by Scandinavian seaman of a
(Adderley et al., 2008). Estimating the settlement date of the last major uninhabited island of
the North Atlantic has been sourced from historical records sagas and annals, ie, Book of
Icelanders (isledingabok), Book of Settlement (Landnamabdk) and dated volcanic tephra

layer landnam and indicates colonisation took place over the period 870- 930 AD. With the
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opportunity to flee from economic and social problems of the emerging Norwegian states and
the opportunity to expand on lands suited to farming, fishing and stock raising,
landndmsmenn (land takers) crossed the North Atlantic in waves (Smith, 1995). Byock
(1988) suggested that as many as 20,000 men and women migrated over this period with
goods and domestic animals in laden boats. Documentary records should not be solely
relied upon for the knowledge of settlement as the information was recorded over 300 years
after the event (McGovern, et al., 2007). Therefore the reconstructions of historical records
have been subjected to a 6fading recordd probl
increasing time. In addition the hist or i c a | records are also | i mi
affecting their consistency (Swetnam et al., 1999). Nevertheless, the colonisation process is

relatively well established.

AHumans atrer s hoptti mi serso (Wal ker ic&ofSitadfarthe 200 6 :
early settlers would have been near a water source and good farming land. Initial
archaeological reports reported the distribution of early settlement sites of the 9" Century to

be concentrated on coastal regions with a spread into lcel andés i nteri®r du
Century (Smith, 1995). However, subsequent research from zooarchaeology sources have

dated interior sites in the region of Lake Myvatn, north-east Iceland, ie, Skdtustadir (Hicks &

Harrison, in-press) and Hofstadir (Simpson, et al., 2004) to be amongst the earliest 9"

Century settlement sites.

To have a continued settlement and succession of life on Iceland, Adderley et al., (2008)
emphasised that the primary importance to the new communities would have been depended

on the sustainability of their European-style farming practices to provide enough sustenance

to nourish the population and provide fodder for livestock. Dugmore et al., (2007)
corroborates this claim, but insists that warm climatic conditions that prevailed for several
centuries after the first settlement in Iceland during the Medieval Warm Epoch aided and
favoured arable activity until around 1200 AD. The preference for arable farming was largely
abandoned by the 150006s due tbns oftthe dittledleecAgd ni n g
(Simpson et al., 2002).

Animal husbandry became the major source of subsistence and the grazing pressures have
been considered to the one of the main causes
areasodo of t (Amalds & Kirsble,s200&:Wrnalds Barkarson, 2003; 105). One of the
reasons why a reduction of vegetation cover from grazing domestic livestock and removal of
woodlands to have such a dramatic impact on the ecosystem is complex; however, it is

primarily due to inherent landscapes fragility (Simpson et al., 2004).
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Soil erosion rates have been reported to be far greater in Iceland than that observe in any
other European country (Olafsdottir & Gudmundsson, 2002), with UNEP and EEA (2000)
predicting that there could be a further increase of up to 40% higher rates of erosion across
Europe by 2050 if current trends continue. This is a worrying concern for Iceland as 16.2%
of 102, 721 km2 land cover has already been classified as severe or very severe erosion
rates (Arnalds & Kimble, 2001). The predominant soils in Iceland i Andosols vulnerability to
erosion is mostly due to the low density and soil aggregates originating from the mixture of
volcanic parent material, lava flows and tephra deposits. This leads to a lack of particle
cohesion which is highly susceptible to wind and water erosion (Wada et al, 1992: Orradottir
et al, 2008). Rofabards are a common erosion feature throughout the Icelandic landscape
which are described by énaleszdrpinents (e Aridosolsiwdith as i
are being truncated from the surface and barre

erosion has been found to be more common in northern-lceland, favouring soils formed by

extensive aeolian deposits.

Figure 2 - An example of a rofabard escarpment, in the study area, which is a boundary
between barren desert and fertile Andosol vegetated landscape, in the
distance Sellandaja.

Attempts have been made to reconstruct the Icelandic vegetation cover present at landnam
using pollen analyses, historical data and edaphic conditions through micromorphological
analysis. Notably, Arnalds & Barkarson (2003) has observed that before the island was
colonised by the Norse, Iceland was previously a vegetated fertile landscape principally birch
(Betula sp.) and willow (Salix sp.) woodlands. This is further supported by Berglund (2003)
who demonstrated from pollen analyses in Northwest Europe that human deforestation
cleared vast areas of vegetation for building materials, fuel and hayfields (Aradottir & Arnalds,

2001). Vegetation cover stabilises soil structure and provides protection from wind and water
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erosion which Aradottir & Arnalds, (2001) considers being one of the most important factors
when preventing soil erosion. Their research found that hardly any erosion took place in birch

woodlands compared to areas where vegetation cover had been removed.

It could be surmised therefore from evidence sourced from historical records, ie, sagas and
annals, relict areas, pollen and soil analysis that the ecosystem pre-landnam had spatially
and temporally evolved resilience to natural stress factors; intermittent volcanic ash-fall
events, glacial and snow melt flooding and a harsh climate, to form a stable sustainable
environment (Aradottir & Arnalds, 2001).

Therefore the factors that have been considered to have caused accelerated erosion rates

and fAmarginal areaso in the ecosystem have bec¢
stresses from traditional farming methods more suited to their homelands and vegetation

removal (Arnalds & Kimble, 2001: Arnalds & Barkarson, 2003; 105, Adderley et al., 2008).

1.3 Cultural Stress Factor i Early Farm Management

Early settlers in Iceland were mostly Norse farmers adapted to copewi t h 6 mar gi nal
conditions in north |l atitudes and on arrival [
management (Dugmore et al., 2005, Jones & Olwig, 2008). Bolender et al. (2008) suggested

that due to limited spaces on the ships that a small amount of animals may have been
introduced to Iceland consisting of cattle, sheep, pigs, goats and horses, rapidly building up
populations. The requirement for grasslands was a pressing need for the newly arrived
settlers as the animals had to be well-fed over the winter to ensure high fertility in the spring.

This then suggests that preference sites for feeding livestock at Landnam would have been

based on pre-existing well vegetated lands. This is evident in the pollen records pre-
Landnam which shows the landscape to be well vegetated in wooded species such as birch
(Betula sp.), juniper (Juniperus sp.) and willow (Salix sp) which is suited for grazing type
farming. Thereafter, post-landnam, the introduction of farming is indicative of cultural impact

on the landscape which is evident in the palynological record and the reduction of natural

vegetation, i.e., birch (Betula sp.) and willow (Salix sp.) (Erlendsson, et al., 2009).

Pinson (1992) and Vésteinsson, et al., (2002) describe the distribution of early settlements to
be highly dispersed and isolated small-scale farms estimated to be c. 540 from historical
records Landndmabok (Sveinbjarnardéttir, 1992). The traditional small-scale farm is thought
to have consisted of a homefield, the common summer rangelands (affrétir), shielings and
common transitional herding area (rétt) (Simpson, et al., 2001: Adderley and Simpson, 2005:

Thomson & Simpson, 2006: Adderley, et al., 2008, Aldred & Madsen - unpublished) (Figure
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Figure 31 Representation of traditional farming practiced by Norse settlers
(After A. Thomson)

The shielings area was a private area belonging to the farmer for pastoral use. Jénsbok
records the summer shieling area being used for milking livestock only from the middle of
June until late September. This was probably to save the infield for grazing during the winter
months (Berson, 2002). The homefield area adjacent to the dwelling has been considered by
(Adderley, et al., 2000) to be a key area for farm management. The homefield was used to
provide fodder for the live-stock over winter. The byre for the animals was also located either
just inside the homefield or on the outskirts and the location has been thought to have

considered keeping animals away from trampling the agrarian crops (Berson, 2002).



To make the most of vegetation resources the rangelands (affrétir) are used as communal
grazing areas predominately located in the mountainous interior of Iceland. As the
vegetation turns green over different altitudes during spring and summer months the grazing
animals follow (Jones & Olwig, 2008). This practice of moving grazing animals in spring from
the lowlands to mountainous rangelands is a practice still used today (Pinson, 1992). The
highland pasture lands are a vast open space of which are considered to be more
susceptible to disturbances than the lowlands. This has been attributed to the negligible
levels of vegetation cover compared to the low lying areas of the coastline and river plains
(Arnalds & Barkarson, 2003). Communities worked together and during September farmers
would search for grazing animals (mostly sheep) in the rangelands, affrétir, that belonged to
the farms on the estate. The sheep were then herded into the large common enclosure (rétt)
and the marked sheep were sorted into pens (dilkur) before being herded back to their
respective farms. The annual gathering at the rétt is a major social event for the whole

community and the practice is still continued today (Aldred & Madsen, unpublished).

Rural communities, the hreppur, would have been restricted to the resources available within
their own catchments and they may have been aware of the effects grazing pressures was
having on the ecosystem (Berkes & Folke, 1998). However, unable to halt the onset of land
degradation farms were first recorded as being abandoned in 1785 with 776 either totally
affected by erosion, glacial rivers or the sea (Sveinbjarnardaéttir, 1992).

1.4 An Introduction to the study area i Greenavatn farm estate

The Graenavatn farm estate investigated in this study is located south of the third largest lake
in Iceland, Lake Myvatn in the Myvatnssveit region of north-east Iceland (Figure 4). The
Krafla volcanic system, which Lake Myvatn is located, is an active caldera volcano and has
experienced many eruptions during the Holocene, recently (1724 i 1729) referred to the
Myvatn Fires (Thordarsson & Hoskuldsson, 2002). Myvatnssveit is the furthest inland
permanently settled area of Iceland and has been intensively studied for both archaeology
and ecology research (Lawson, et al., 2007). The ecology of Lake Myvatn is known for its
rich fishing, abundant bird life and enormous numbers of midges and blackflies, hence the

name Lake Myvatn: Midge Lake (Einarsson, 2004).

The Greaenavatn farm estate is just one of the community units of this region referred
historically to as hreppur - meaning both a community unit of 10 i 30 farms and the farms
associated with the area. The modern community name is Skutustadahreppur which is in
reference to one of the main settlements of the area Skutustadir (Thomson & Simpson,
2006).
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The boundary of the Graenavatn farm estate is surrounded by natural features of the River
Kraké on the west and the 3,800 year old barren lava fields of Greenavatnsbruni on the east.
The estate is mostly covered in vegetation although there a large area of severe soil erosion
to the south of the rangelands resulting in barren desert (Figure 2). The only farm to have
succeeded in this estate to present day is Graenavatn located just to the south of Lake
Myvatn. Two further farms are located in the boundaries Sveigakot and Oddastadir which
have been abandoned; there are also the remains of an abandoned rétt close to the River
Kraka. Previous research suggests that the characteristics of the farms are consistent with
independent farmsteads (Thomson & Simpson, 2006: Adderley et al., 2008: Bolender, et al.,
2008: Aldred & Madsen, unpublished).

; weeesee  Farm Estate
Boundaries

. Rangeland
0 km 2 Boundary
e e— -

Figure 4 7 Location map of the Graenavatn Estate
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Graenavatn Farm

The historical record of Jardabok references that this farm was the location of a medieval

church however for as long as people can remember in 1703 the church had been
abandoned. This suggests that Graenavatn farm was an important site as churches were

unli kely to have been | ocat ed etah 2008.uTodaythisiisn at e 6
the only working successful farm on the estate (Figure 5).

Figure 51 The only remaining working successful farm i Greaenavatn farm

Sveigakét Farm

The meaning of Sveigakot is fcottage of the swathes (of
indicative that the area was well vegetated and the land surface was stable (Thomson &
Simpson, 2007; 156). This is compared to the site today which is now extensively eroded
with little vegetation (Figure 6). Previous excavations carried out at Sveigakot (Thomson &
Simpson, 2006) have been dated from tephrochronology and radio-carbon dating and the
site was settled shortly after Landndm. The farm consisted of a small Viking-age long house

and pit house and was entirely abandoned by the late 12" century A.D.
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Figure 6 T The remains of Sveigak6t Farm

Oddastadir Farm

Oddastadir is another ancient abandoned farm which has experienced successive periods of
occupation. Previous excavations by Adderley et al. (2008) have suggested that this was a
peripheral farm with a small cottage which experienced two period of occupation, the initial
period of occupation by 950 A.D. and is thought to be abandoned by 1300 A.D. The site
excavations suggest another occupation for a short time during the 15" century. Historical
records Jardabok references that the site may have subsequently been used as a shieling

area (Figure 7).

Figure 7 - Abandoned remains of Oddastadir Farm building
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Rétt

The abandoned rétt 1 Strengjarétt is located close to the River Krdk& and today is totally
devoid of vegetation. The rétt was used as sorting pens when the sheep were driven from
the communal affrétir grazing grounds to the individual farms winter shielings. This site has
been subject of research by Aldred & Madsen (unpublished) and has surmised that the rétt -
Strengjarétt was most probably abandoned due to the accumulation of sand inside it.

The layout of the rétt consists of 3 sides containing 3 dilkur (sheep pen) per side and
entrance gate located on the south wall. The building was completed with stone and each

wall is approximately 1m thick and 1.5 m tall. The dilkur are of varying sizes and it is thought

according to ethnographic sources that size was in relevance to the importance of the farm
status (Figure 8 and 9) (Aldred & Madsen, unpublished).

Figure 8 - Strengjarétt from the distance Figure 9 - Inside Strengjarétt east-side dilkur
with the River Kraka visible in the which has been filled with sand accumulation
background

15 Research Questions

The main aim of this dissertation is to evaluate and explain landscape change from the 9"
Century onwards on the Greenavatn Estate. In order to gain an understanding of different
stress factors contributing to landscape change the following objectives will assess which
factor(s) may have contributed to the land degradation currently being experienced.

a) Vegetation change and the factors contributing to that change.

b) Soils change and the factors contributing to that change.
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Methodology

2.1 Introduction

In focusing on the historic resilience of the landscape within the Greenavatn farm estate,
stress factors considered are, climate, fluvial, volcanic and grazing pressure. This chapter
sets out the methodologies used to assess landscape resilience in relation to stress factors,
including ice-core records, pollen analysis, soil accumulation and micromorphology as

means to reconstruct historical events.

2.2 0Delsksedd sources

Sources in this section are based on cultural data recorded in Jardabok, remote sensing map
construction and climatic proxy records developing an overview of the Greenavatn farm

estate to identify patterns in land degradation.

2.2.1 Cultural Data

Written records became more abundant during the 18" Century Jardabdk was a historical
census recording information of all Icelandic farms during the time period 1703 i 1714 AD
(Sveinbjarnardéttir, 1992). Livestock numbers are taken from this source and further
supported from zooarchaeological research. Jardabok is written in Old Icelandic Norse
therefore the documentary evidence is sourced from previous research in the area (Simpson,
et al.,, 2004: Thomson & Simpson, 2006: Thomson & Simpson, 2007, Aldred & Madsen,
unpublished: Green, unpublished). This information will be used to explain any relationship

between livestock populations and grazing areas.

2.2.2 Remote Sensing and Maps

Remote sensing of the study area includes data sourced from field surveys and aerial
photos. A map of Husavik - Myvatn at 1:100 000 scale was scanned, sample sites were
geographically referenced and plotted using Adobe lllustrator software. The resulting base
image was generated for the purposes of overlaying a time series of maps. This temporal
reconstruction allowed for the examination of changes in soil cover for the time periods,
Landnam, H1158/1104, H1300, 1477 AD and 1717 AD.
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2.2.3 Climatic Proxy Records

To assess the impacts of climate on the landscape proxy data from the GISP2 (Greenland
Ice Sheet Project 2) was used. GISP2 is situated on the Greenland Ice Sheet covering an
area of 1.8 million km? Ice-core drilling from 1989 to 1993 extracted a record 3053.44 m
deep core, making it the deepest ice-core ever recovered and thus showing the longest time-
span of proxy data (Stuiver & Grootes, 2000).

Data collected was analysed mostly by the
Laboratory and has been made available to the public on the official NOAA Paleoclimatology
- GISP2 website (Alley, et al., 1995: The Greenland Summit Ice Cores, NOAA.gov).

Considered an important measurement for studying past climates, preserved in ice-cores are
varying levels of oxygen 18 to oxygen 16 (**0/**0). This measurement is converted into the
variable 'O influenced by the evaporation and condensation of the isotopes in the oceans.
The concentration of 20 in precipitation decreases with temperature as the heavier isotope

condenses easier than the lighter *°O isotope therefore the concentration can be used to

Uni \

determine climate changes; 6a palaeot her momet e

fell (Vardiman, 1997). Following this logic, during an ice age there is less of the heavy
oxygen molecule as precipitation occurs nearer the equator. Therefore water vapour falling
as snow at the poles is higher in the light oxygen molecules. This information can also show
the amount of the Earth covered in ice. (Dugmore, et al., 2007).

The data provided from NOAA was correlated with volcanic activity identified in
tephrochronology. The time periods selected for further analysis are; Landnam i this is the
baseline to compare further land degradation; 1477 i this time period has been associated
with the abandonment of arable farming and 1717 i farm abandonment was first recorded
throughout Iceland. The proxy data sourced from GISP2 ice-core will explore climatic

influence into environmental and cultural development.
2.3 Field-work
The field data was collected at the end of June / July 2009. In view of the nature of the

terrain, a topographical transect based approach formed the basis for the sampling

framework. The main sample transect ran from the southern boundary of the estate to the

north, usingthet r ack o6éroad6 as the transect l i ne and t°

off the main transect cutting across the topographical gradient from east to west. Eleven soil

pits excavated at approximately 2 km intervals along the main transect line, with four soil pits
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excavated on cross-transect 1 and four on cross-transect 2 (Figure 4). At each profile
location soils were exposed to the top of Hekla (H3) 2500 BP as a marker or the water table

where there was no possibility of digging any further.

Data recorded at each site included Global Positioning System (GPS) co-ordinated, altitude
(taken from handheld GPS receiver) and vegetation cover. Descriptions of each soil profiles
were recorded, using Munsell colour and soil texture. In each profile visible tephra horizons
were recorded and sediment thickness between tephra layers were carefully measured to an

accuracy of 5mm to allow estimates of soil accumulation rates.

To allow assessment of the nature of soil accumulation in profiles, three undisturbed block
samples were taken in 8 by 6 by 4 cm Kubiena tins, for thin section manufacture two samples
came from Profile 4 and one sample from Profile 5. Profile 4 - sample 1 was taken pre-1477
at 121 cm; Profile 4 - sample 2 was taken post-1477 at 76.5 cm; Profile 5 - sample 3 was
taken between landnam and H1104/1158 at 72 cm (Graenv 4-1; 4-4; 5).

A 210 cm pollen core was al so gslBidd shielihgeadea N
65°25.899', W 017°07.028'", Altitude 1270 ft. The sample was obtained using a %> m Russian
corer. Data recorded at the site was GPS co-ordinated, altitude (taken from handheld GPS
receiver). Each sample core had a 10 cm overlap and was removed in five sections from the
site in a protected plastic guttering and wrapped in polythene they were then stored at

University of Stirling cold store for subsequent analysis.

2.4 Analyses

Analyses included soil accumulation rates, loss on ignition, pollen analysis and

micromorphology allowing the development of temporal and spatial patterns of landscape.

2.4.1 Soil Accumulation Rates

Soil accumulation rates were calculated from the soil pits excavated on the transect lines.
The depth of the soil pit was dependent on the conditions at each site such as the water
table; however most sites were excavated until Hekla-3 tephra was exposed. For the
purposes of this study accumulation values were calculated between tephra horizons
identified in the field from Landnam 871 + 2 A.D. These accumulation values were compared
with regional mean soil accumulation rates for Myvatnssveit presented by Olafsdéttir and
Gudmundsson (2002). The data were then plotted onto a graph and the landscape

reconstructions of eroded areas were identified from prominent tephra deposits, Landnam,
-17 -
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H1105/1158, 1300, 1477, 1717 A.D.

2.4.2 Soil Thin Section Micromorphology

The Kubiena tins were returned in protective polythene to University of Stirling Thin Section
Micromorphology Laboratory. Thin sections were prepared to allow assessment of soil
accumulation processes by standard procedures which include water removal by acetone
replacement, impregnating the soil samples under vacuum with polyester crystic resin and
then bonding the resin block to a slide, cutting off excess, grinding to desired thickness,
polishing to 30 micron thickness and finally coverslipping (Adderley, et al., 2002, 2006).

Following preparation thin section was studied using an Olympus BX-50 polarizing
microscope. A range of magnifications (x10 T x 400) and light sources including plane
polarized illumination (PPL), oblique incident illumination (OIL) and cross polarized light
(CPL) were produced from two non-polarized beams from a 150 W halogen bulb (Adderley,
et al., 2002).

Descriptions were according to Bullock et al., (1985) Handbook for Soil Thin Section
Description, allowing a standardised description of a range of features. The main soil
characteristics identified were mineral and organic materials, pedofeatures, microstructure,
materi al arrangement, gr oteddsmiuts To allofv #hin seiction

comparisons the results were recorded in a standard quantitative summary table

Using a three-chip video camera a series of 5 images were captured and imported into
AnalySIS software (Soft Imaging System, Munster). This would allow temporal assessment

of erosion factors at Profile 4 and Profile 5.

2.4.3 Loss on Ignition

The pollen sample core was removed from the site and stored in Stirling University
refrigerator. Samples of the profile were tested for total organic context to establish the
tephra layers for subsequent pollen samples. This was conducted using the procedure of
Loss on Ignition (LOI). Porcelain crucibles were cleaned and placed in a furnace for 105°C
for 1 hour. They were removed from the furnace, cooled and weighed empty. Samples of
the pollen were taken at 1cm® then added to crucibles to be weighed again. A set of 50
samples were taken at one time and were placed in the furnace at 105°C overnight to burn

off the organic matter in the sample.

The samples were removed from the furnace and were placed in a dessicator to allow the
-18 -
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crucibles to cool without being contaminated with moisture. After the crucibles were cooled
each sample was weighed and at each weighing the data was recorded. The percentage of

organic matter was calculated from the loss on ignition formula:

% LOI = Crucible (unburnt soil) i Crucible (burnt soil) * 100
Crucible (unburnt soil) 7 Empty crucible

The data was then plotted on a graph using excel to ascertain where there was low organic
matter as this is an indication of where tephra layers are located in the core.

2.4.4 Pollen Analysis

From the results of Loss on Ignition identified areas of high organic matter and samples were
removed from 3 cores. Section 1 two samples were taken at 7 cm and 11lcm. In section 2
three samples were taken at 54 cm 37 cm and 44 cm. In section 3 eight samples were taken
at 47 cm, 48 cm, 53 cm, 63 cm, 66 cm, 76 cm, 82 cm and 83 cm. The reason for more
samples being removed from section 3 is due to two tephra layers from Landnam and H1300

being identified.

The samples were prepared by University of Stirling and an exotic pollen marker of
Lycopdiam was added (Moore et al., 1991). Samples were prepared by Helen Ewen of the
University of Stirling. Each slide was counted at x 400 magnification and a minimum of 300
terrestrial pollen taxa were counted for each sample. Moore et al., (1991) was referenced for
the identification of pollen. The total terrestrial pollen taxon was presented as percentages

and the pollen diagram was drawn using Tilia and Tilia Graph software.
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Results

3.1 Introduction

The following results are pertinent when considering the interrelation between natural and
cultural factors identified in Figure 1 on the landscape. An integrated approach is based on a
spatial framework derived from remote sensing to further investigate cause and affect
relationships. This allows assessment of soil and vegetation responses to either a single
stress or multiple stress factors from, climate change geomorphic processes, topography and
anthropogenic activities.

3.2 Cultural Data (Jardabodk)

Data of livestock numbers and management of early farms are available from the Icelandic
historical census Jardabdk carried out in August 1712 for all farms in the Myvatnssveit region
and substantiated with zooarchaeological research (Thomson & Simpson, 2007). Livestock
numbers are available for Greenavatn only as Oddastadir and Sveigakot were already
abandoned by the time the census was conducted. However, zooarchaeological research at
Sveigak6t has surmised livestock numbers, therefore a limited amount of information is
available regarding farm management at this site (Adderley, et al., 2008: Green,

unpublished).

Consider ati on must also be taken when wusing this
information was collected for tax purposes. Therefore the quality of data is based on the
farmer s accuracy which may be i mpreci sodwi t h |
higher tax implications. The data can however be used to explore the management of

livestock and assess zones of grazing pressures on the Graenavatn Estate (Table 1).
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Table 1: Estimated Livestock Numbers and Management Information of known farms
on the Greenavatn farm estate (adapted Thomson & Simpson, 2007; 157:
Green, unpublished)

No. of
Animals

E ¢ .

g 5 Grazing Area

g 3

8 3§ Summer Winter

Livestock Type s 2 Management Information Months Months

Dairy Cattle 4 12 Kept for milk production shieling  byre
Calves 2 10 Culled in May shieling ~ -----
Ewes 40 13 | Some milk production affrétir outfield
Lambs 16 9 11 retained for autumn cull affrétir - ------
Immature sheep |30 10 | 5 retained for spring cull affrétir -
Wethers/rams 12 4 | Kept for wool production affrétir outfield
Horses 3 Kept for transport purposes outfield affrétir

3.3 Ice-Core Data

Since 1846 meteorological conditions have been scientifically monitored and recorded in
Iceland (Bradley & Jones, 1995). However to have a better understanding of the influence of
climate change on the landscape before then proxy data has been sourced from ice-cores.
Ice-cores are an archive of palaeoenvironmental conditions and isotopes trapped in the ice
are often controlled by climatic condit ’0
and | i'§0hareetrappadl in the ice and the concentrations provide a proxy temporal
record of t empe r’® isatapes withia the GISPR (@Gresnland)ice-core are an
indicator of temperatures in the northeta
are an indication of a warm atmosphere whereas higher values indicate a colder climate
(NOAA.gov).

Figure 10 shows 'O Hata ten pears kefore and after fthe 1717 AD volcanic
eruption. This data shows that there was rapid variability with two periods of increased
temperatures observed before and after the 1717AD eruption. The trend-line became a

mor e O6j agg e dypeardater the enuptiorf. or 5
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Figure 10- 1y ear v ar i“®tfronothesGISPhicegore i 10 years before and after

Climatic conditions before and after 1477 AD volcanic eruption the record became more
changeable with extreme years particularly before the eruption. Figure 11 shows that prior to
volcanic eruption there was an increase in temperature followed by colder climatic conditions
which remained for seven years over the volcanic eruption.

climatic conditions for two years then stabilised to conditions prior to the warm period.

Figure 11 -

Climatic conditions remained fairly stable over the Landndm twenty year period apart from

cold peaks experienced 1080, 1076 and 1077 yrs BP, which covers the Landnam volcanic

the 1717 AD volcanic eruption

lyear
the 1477 AD volcanic eruption

episode 871 + 2 AD (Figure 12).
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