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Agrip
Adferd til flokkunar a landslagi Gt fra sjonreenuigieleikum hefur nylega verid proud a
islandi i tengslum vid Rammadaetlun um nytingu \&ftasg jardvarma. Han byggist &
23 sjonraenum eiginleikum svo sem utlinum og formuamdslagi, grunnlégun
landslagsins, fjdlbreytileika grodurs og grodurpeKjolbreytileika i aferd og munstri,
breytileika i haed, viosyni. Hér var pessari aofeiit a landslagssveaedi yfir landio allt
med pad ad markmidi ad greina og flokka helstustagsgerdir & islandi. Fylgni
landslags vid jardsdgu og berggrunn var einnig kidnn

Vid val & svaedum var byggt & 10x10 km hnitakerfitSidraedistofnunar islands.
Pad neer til landsins alls en hér var valinn phdgr reitur i pridju hverri r6d. | pessari
rannsokn voru notadir 98 reitir. Farid var i paal gognum safnad i fyrirfram
pekktum GPS punkti i midjum reit. Gatlisti med adefndum 23 sjonreenum breytum
var fylltur at a hverju svaedi og myndir teknarhédimildasoéfnunar. Eiginleikum var
gefin einkunn a bilinu 0-5 eftir magni eda pétteeiksognin voru medhéndlud med
klddugreiningu (Cluster Analysis). Préfad var adlalfa pa eiginleika sem héfou laegsta
tioni (endurtekin form og jokla), og skiladi padnagbootstrap gildi og hamarkadi betur
einsleitni innan hopa og mun milli hdpa. Gognin d@urnefndra breyta, voru sidan
unnin frekar med meginpattagreiningu (Principal @oments Analysis) til ad komast ad
pvi hvada eiginleikar vogu pyngst i hverjum landgsféokki fyrir sig

Nidurstddurnar benda til pess ad 8 megingerdirdagshdpa sé ad finna a

islandi. beer eru: (1) Strendur sem asamt fjordugingst fa 6drum flokkum vegna
stadsetningar vid sjo. Strendur skiptust i tvo tmpa klettastrendur og flatar
sandstrendur. (2) Firdir sem einkennast af U-lagamgformi i landinu. Firdir eru
adallega & eldri tertiera hluta landsins p.e. @stfim, Mid-Nordurlandi og
Austfjoroum. (3) Djupir U-laga dalir inn & milli né fjalla med mikilli grodurpekju (4)
Grynnri inndalir eru falidadasti flokkurinn og gneist m.a. fra flokki 3 vegna
grunnlégunar og minni grodurs. Inndalir eru adale@ jadar miohalendisins. (5) Groid
laglendi og heidalénd sem er steersti flokkurin.@6onar sléttur med miklu vidsyni
sem einkennast af pvi ad langt er i naestu fjolIredair og grunnlégun er fl6t. (7)

Grooursnaudar og einsleitar halendissléttur meduwildsyni og grofri blettasteerd. (8)



Grodursnautt halendi sem er ad mestu leyti einisfloggki 7 nema par er stdduvatn
og/eda ar.

Fylgni milli landslagsflokka og undirliggjandi jaggdilegra patta, p.e.
jardsogulegs aldurs og berggrunns var konnud meadreikna ut flatarmal aldurs-eda
berggrunnsflokka innan 5 km radiusar utfra akvord@&»S hnitunum & stafreenum
jardfaedikortagrunni Nattarufraedistofnunar islarfeldgni milli fylkis sjénreenna
landslagspatta og jardfreedipatta var reiknud mago@iaal Correlation Analysis og
einféldum fylgnireikningum (Correlation Analysid)ljos kom sterk fylgni sjonraenna og
jardfraeedilegra patta i islensku landslagi. Akve@iginleikar eins og beinar linur i landi
fylgja haum jardfreedilegum aldri, enda setja belgniéttir eda hallandi staflar tertier
jardlaga sterkan svip & fj6llin & Vestfjoroum ogstfiproum U-laga grunnlégun

einkennir einnig pessi svaedi og onnur par sem jdidéa nad ad sverfa og mota landid.



Abstract

A method for the classification of landscape actwydo visual characteristics has
recently been developed in Iceland, in connectidh the Framework plan for the
utilization of geothermal and hydropower energyislbased on 23 visual physical
variables, including forms and lines in the langsgdasic landscape shape, vegetation
cover and diversity, patch size, the diversityexftires and patterns, elevational range,
and landscape depth. Here, this method was apphiednational scale in order to
identify and classify the main landscape typeseiand. | also examined the
correlation of landscape with geological age andidek type.

A systematic sampling design was considered t@betpresent large-scale
variation rather than a random design. We used ®@te10 km grid system of the
Icelandic Institute of Natural History, selectingeey 3rd grid in every 3rd row which
gave a total sample size of 130. Sample size imvtit& presented here was 98. For each
grid the sampling point was identified as a precheteed GPS point in the centre of the
grid. All the data were sampled in the field byearh of two. A checklist with the
aforementioned 23 visual variables was completebdpdiotographs taken for reference
and later standardization. Variables were scored scale from 0 to5, according to
guantity or density. Cluster Analysis was appliedbtain a general landscape
classification. Two variables with a low frequer{cgpeated forms and glaciers) were
excluded from the final analyses. This yieldedhleigbootstrap values and better
maximized similarities within groups, as well asgilimilarities between them. The data
were then further treated by Principal Componentalysis, in order to ascertain which
characteristics were most important for each tyijdarawscape.

Our results indicate that there are 8 main landscagegories in Iceland: (1)
Coastal areasalong with fjords are distinguished from otheregairies due to their
proximity to the ocean. Coastal areas are furdiheéded into two subcategorie®Rocky
coastsandflat sandy beaches(2) Fjords are mainly found in the older, Tertiary parts
of the country, i.e. the West Fjords, the CentraitN, and the East Fjords. (Beep,
U-shaped and well vegetated valley$ying between high mountains (8hallower
inland valleys comprise the category with the fewest represemstivl his category is

distinguished from category 3, among others, byclkslsape and less vegetation. Inland



valleys are mainly to be found at the the marginte Central Highlands. (5)
Vegetated lowlands and heathlandsomprise the largest category. {&getated
plains with a high landscape depthA distinguishing feature of this group is thag th
nearest mountains or hills lie at a great distaand,the basic shape is flat. Gparsely
vegetated highland plainsdisplaying relatively little diversity, large fakof view, and
coarse texture. (parsely vegetated highlandswvhich are for all intents and purposes
identical with category 7, except that they conta@ter and/or rivers.

| also studied the correlation between landscapegodaes and underlying
geological factors, geological age and bedrock.tyfseng the geological database of the
Institute of Natural History,.I calculated the pooponal cover of different age and
bedrock classes within a 5 km radius from the th@n GPS coordinates. The
correlation between the matrix of visual landscelparacteristics and geological factors
was calculated by Canonical Correlation Analystswall as simple Correlation
Analysis. This revealed a strong correlation betweisual and geological factors in the
Icelandic landscape. For example, certain featsuek as straight lines in the
landscape, are correlated with a high geological &fraight lines of Tertiary
geological layers are highly prominent in the maimg of the West and East Fjords,
which are the oldest regions of Iceland. Anothemeple of this is basic shape. This is
more commonly a U-shape where glaciers have scaumréanolded the landscape,
while it is flat in younger, geologically activegiens, where the land is constantly
being added to.
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1. Introduction

The entities of life and nature are numerous amdptex. Earth, for example, is home
to just under 1 million described species of insgwith an estimate of up to 30 - 80
million species yet to be discovered (Gullan andnSton, 2005), about 70 000
described species of fungi with an estimated 1lbamispecies yet to be discovered,
and about 235 000 described species of angiosg&aven et al., 2005). Despite this
enormous number of species with which we shareatmosphere, it is easy to read
through a book about these species and discovielisgc characteristics, their
phylogenetic relationships, and their behavior.ISkrmowledge is most easily gained
from books that apply a taxonomic system. Suchstegy groups similar species
together according to some shared character, bahavhistory.

The well known similarity of genetic material bin@hcategorization of species
has its roots in the work of Carl von Linné. Hisnkqoublished irSystema Naturae
(Linnaeus, 1735) laid the foundation for the systBonclassification of the biological
world for which many were and still are gratefuhelFrench philosopher Jean-Jacques
Rousseau, for example wrote: “Tell him | know neaer man on earth” (Tibell, 2008).
Natural scientists are grateful because with tmmaean system began the ordination of
the world of species which their work applies to,cadination journey that stills keeps
on developing. In this thesis a classification egsis applied to the Icelandic landscape.

A universally used method resembling the Linnadasstfication of species is
unavailable in the field of landscape researchs Timkes our work more difficult, since
we must develop a classification system before avestart to classify the landscape.
We are, however, not the first group of scientigtattempt to categorize landscape. For
example the European Landscape Character Assesbntiative (ELCAI) project,
which had the aim of reviewing state-of-the-ardsecape character assessment at the
national and the international level in Europe, destrates how many classification
systems are available in Europe alone (Wascheg)20is overview of the methods
available in Europe provides an idea as to whyieensally accepted landscape
classification method is not available: Differepuatries seem to place specific
emphasis on various aspects of the landscape. @inochwill have new emphasis and

therefore contributes to the flora of European smagbe classification methods.



1.1.Landscape classification methods

In general landscape classification methods facerakproblems that have to be
overcome. First of all, landscapes are large, cery@nd multi-faceted entities.
Landscapes are constructed from physical attributbih are usually built up by two
factors, a natural factor and an anthropogeniofg@&rmischer, 2004). Each landscape,
however, also has a non-physical, i.e. a mentaadswhich is comprised of values,
meanings and experiences of the human beingsiiieaact with these landscapes.
Although nonmaterial, such cultural, societal agsthetic characteristics can define
landscapes in ways that are no less definitive gigysical ones. Secondly, landscape
rarely has fixed boundaries, but rather, tends/arlap to some degree or another with
those landscapes surrounding it. This creates glesrmterrelation of a large number
of factors which could be used to distinguish befvavo adjoining landscapes. Thirdly,
comparison between different landscapes is impbiaorder to gain a better
understanding of their structure. Such comparisaiso necessary for purposes of
classification, as one must have knowledge of iddi@l landscapes and their situation
within a larger whole, e.g. a geographical regmmgven an entire country, in order to
be able to systematically relate landscapes amtbtape characteristics to one another.
Finally, the creation of a classification systemdlves a lot of data sampling and
gathering of facts of entities to which the classifion is to be applied. For systems that
have the aim of describing the complexity of thealrworld” with simple models, this
data sampling is of the utmost important.
The development of a classification system folaiedic landscapes faced most, if not
all, of the challenges outlined above. Little resbdad previously been carried out on
Icelandic landscapes at all, let alone on theimitedn and classification. Also, after
reviewing existing typologies and classificatiorstgyns from elsewhere in Europe, it
became quite clear that none of these systems beulded in Iceland without
considerable modification of the methods and detased.

A large number of landscape classification systeave been developed around
the world, often very different one from anothehisTis not surprising, e.g. given the
wide variety of possible methodological approaclhies different aims and needs of

landscape classification systems, and the differentlandscape character in different



countries. The end result is that methods similaiim and scope to the one described
here tend to be designed specifically for a giveuntry with its specific landscape
conditions and character in mind and thereforendfi@ve limited applicability outside
the country of origin. Although they share somedasns and common themes, the
actual measurements employed may be quite diffeféreise classification systems are
usually intended as an assessment tool for polakimg, so as to manage land-use with
landscape sustainability in mind. Landscape charassessment is important in
attaining these management goals.

In the United Kingdom the Countryside Agency andtsgh Natural Heritage
have developed a very thorough guide for categagiand evaluating the character of
the landscape. The system is twofold, first desiommpand categorization, and then,
evaluation of the landscape. The first part is yadbjective, while the second part is
subjective. Despite this the aim is that the respifttained by two independent
researchers should not be different (Swanwick, 2002

In the USA the Bureau of Land Management has deeel@ visual landscape
evaluation method for construction sites which thase aims: 1) to evaluate the visual
appeal of an area, 2) asses the public concestémic quality, and 3) determining
whether the tract of land in question is visiblenfrtravel routes and observation points.
The results of this evaluation are then used asdedgn development planning for the so
called Resource Management Plan for landscape @Ueésd States Department of
Agriculture and Forest Service, 2005).

The Norwegian Forest and Landscape Institute hesrithed the overall
character of the Norwegian natural landscape. TéwvBigian method is based on 6
landscape components. These components are: raa@fotm, minor terrain form,
water and watercourses, vegetation, agricultural,land built up areas/technical
installations. A description of the overall chasatf the natural landscape includes
these components, along with specific regionalitjea) challenges, or trends of
development (Puschmann, 2005).

So the question rises whether we could choosegdmus of these methods? In

short the answer is no, at least not without soradification, because these models are



not applicable to Icelandic landscapes. This, h@nedoes not imply that they are
unsuited to the landscapes they were developelddsify.

But why are they not applicable to Iceland? Theest&o main reasons, the first
one being mainly technical. We feel that the subjegart of the British method cannot
be used for classification. The perception of la@age certainly is both objective and
subjective, in view of the physical and non-physa@nponents mentioned above. We
do not, however, see that subjective measurememydmused in a statistical
classification as they will most likely differ bedé@n people measuring the same object.
This will doubtless influence the results of thasdification, resulting in different
conclusions between different users. Subjectivesomements by one person only
should therefore be avoided. Instead, the subgg@rception of the landscape should
be evaluated by a larger study that at least toi@scorporate views from all possible
stakeholders, rather than those of specialists only

Another basic issue that we wish to emphasizeasdbr method will make it
possible to quantify the relationship between #wilting groups of the classification.
This would first of all make it easier to analybe groups in relation to each other, and
to discover reasons why particular landscapes gr@ggther or not. This would also
make it easier to analyze particular landscaps sitel include them in the classification.
The American method is based on evaluating eaehrgiependently, and no landscape
groups are formed. The developmental planningrtieetes use of the method is,
therefore, unaware of the environmental affectrenlandscape as a whole, at a regional
scale or even the entire country. This is perha@psn issue in such a country as large as
the United States but it certainly is in small coigs, such as like Iceland. Every
planning decision regarding landscape in Icelaritiogrtainly have to take into account
the effect it has on the country as a whole.

The Norwegian method (Puschmann, 2005), unlikeAtherican one, takes the
entire country into consideration. The interrelasibips among the resulting groups,
however, are not easily available. The Norwegiassification resulted in 45 landscape
regions, with 444 sub-regions which could furtherdvided into landscape areas. The
great number of regions clearly makes it difficdljot impossible, to relate them to one

another and it is difficult for someone who is farniliar with the Norwegian landscape



to figure out whether one landscape area is sirtolanother area or not, or to discover
how many landscape areas may be found that hawgathe character. If this
relationship were clear then landscape planningsaers made for one landscape area
could be applied to other landscape areas witmdasior identical character. It would
also be easy for the planning agency to ascerthativer a given landscape area is
common or rare, which could then be used as arfattandscape protection decisions.
The second reason why these models are not aplelitalreland is the unique
landscape of the country in European context. Bteral landscape is altered by a
human factor and its action on the ‘perceived’ abter of the Icelandic landscape is
unique in a European context. The European lan@ssaughly influenced by human
actions, and Meeus (1995) even goes so far aytinaalandscape devoid of human
influence can hardly be found in Europe. One cautfiie otherwise in regard to the
Icelandic landscape, judging the human influendeétandic landscape weak, but this
would not be entirely true. The massive deforestatollowing the settlement of
Iceland, as well as with extensive draining of aetls during the 2bcentury had a
great effect on large parts of the island (Oskars$898, Jonsson 2005). However, this
deforestation is obviously hard to ‘perceive’ uslese is familiar with Icelandic
history. The visible character of the Icelandicdsrape is therefore distinctively

‘perceived’ as natural, at least in a Europeaneodnt

1.2. Icelandic landscape

Iceland is situated on the Mid-Atlantic ridge, winiseparates the North-American and
the Eurasian tectonic plates. This is a major facttandscape formation, with active
volcanism producing lava flows that periodicallyadge the landscape (Thordarson and
Hoskuldsson, 2008), along with intense erosiveoaabif extrinsic factors (such as wind,
ocean, rain, rivers, and glaciers) (Arnalds e1897). The types of volcanoes in Iceland
are so diverse that all known volcanic types mafobed on the 103 000 Knisland

(Thordarson and Héskuldsson, 2008). Almost hathefcountry is a barren desert-like



central highland plateau, with vegetation cover thgasmder 5%, with occasional
“oases” with continues vegetation. Only a quartehe country’s area is inhabited.

The central highland may be regarded as a dynaisptag of the geological
action students usually only read about in textlsodBRue mainly to its young geological
age and relative lack of vegetation, a great gesdity may be easily experienced in a
matter of days. Also, depending on which definitome uses, the central highland is
perhaps one of the largest wilderness areas inpgufthorhallsdottir, 2002; 2005). The
bedrock is relatively young compared to neighbodagntries, with the oldest part
dating from the Miocene period (15 — 8.5 m. y. BPhe oldest parts are the extreme
west and east, and extreme central north, withrpesgvely younger bedrock towards
the centre. The presently active volcanic zonesimgle belt running north-south in the
north of Iceland. In the southern part, it form®tseparate zones running north-east and
south-west (Jakobsson et al., 2008). Numeroustbigiperature geothermal areas occur
in the volcanic zones. These areas are often cblavhile the vast highland plateau can
often be uniform in colour, with long expanses afldbasaltic moraines
(Thorhallsdottir, 2002). The geology of Iceland atsastrong influence on the landscape
will be discussed in greater detail in the secoayplep of this thesis.

The flora comprises 485 vascular plant species6@3dnoss species (Fléra
islands, 2009). Iceland lies between the 63°33’@6f83’ north, with the northern most
islands reaching the Arctic Circle at 66°33’ noffhe vegetation is classified as arctic
tundra or sometimes as alpine tundra at highgud#s. Continuous vegetation covers a
mere quarter of the land and only 1% is classifiedultivated land (Thorhallsdottir,
1997). The precipitation has a gradient with 7006 1m-yf* in the south, and 400-700
mm-yr'in the north. Aimost all of the country’s climatenbe classified as oceanic
(Einarsson, 1984).

The classification of the vegetation into alpineaostic tundra indicates that the
landscape is more or less treeless. Mountain lfBetula pubescenss the only native
forest-forming tree in Iceland. It forms foresttaimd and in sheltered valleys, and low
woodland in coastal areas and at higher altitudiepresent, birch forest and woodland
cover about 1 165 kh{Gudjonsson and Gislason, 2008), while their atehe time of

settlement in the™®century is considered to have been much largenaps even up to



40 000 krf (Hallsdottir and Caseldine, 2005; Jonsson, 20DB#. highland plateau is
mostly desert with very sparse vegetation, exaaphéathlands at an altitude of approx.
300-500 m a.s.l., and islands of vegetation, mag#ilands, at higher altitudes (
Thorhallsdottir, 2007a; 2007Db).

Agriculture in Iceland is mostly extensive, withspares and meadows used as
basis for dairy and sheep farms. However, intenaiable croplands are found on only a
small scale. In the past widespread wetlands cteiaed the large lowland areas,
particularly in the south and west, but these Hakgely been drained by ditching
(Oskarsson, 1998; Thorhallsdottir et al., 1998is Estimated that less than 3% remains
of the 1 100 krhof mires and riverine wetlands present in the lseurt lowlands around
1900 (Thorhallsdottir et al., 1998).

Glaciers are also important in the Icelandic laagec There are 6 large glaciers
in Iceland and the largest one, Vatnajokull, islérgest glacier in Europe or 8 100 km
(Bjornsson and Palsson, 2008). In all glaciers cabeut 10% of the country. Glaciers
were important factors in the formation of the maajleys and the fjords around
Iceland during the last Ice Age, and they reta@irthmportance in landscape formation,
not least as the source for the many glacial rivensiing through and shaping the
landscape all around Iceland (Bjérnsson and Pa|&f8).

This short description of the landscape charaaotéreland shows that it is very
different from that of the rest of Europe. The niasifluence of the human factor on
the character of the European landscape is refléctthe landscape classification
systems used in Europe. This human factor hastaffeébe landscape character quite
differently in the Icelandic landscape. We therefbad to construct a classification

method which would better fit the character of itelandic landscape.

1.3. Landscape studies in Iceland

Landscape studies in Iceland that could have bekgiuh in developing the

classification method are few and far between. ftight be interpreted as a lack of
interest regarding landscape in Iceland but thisilgely to be the case. Landscape has
been, and still is, a very important part of Iceli@rculture and is perhaps even the

single most important national symbol of nationalitage in the mind of the people of



Iceland, even more so than the language whichtisirared by any other nation in the
world (Arnason, 2005).

The studies that have been published so far hadeest the difference between
the perception and evaluation of the landscape gradocal group of experts and a
large group of students (Kristinsdottir, 2004), #ades and analyses of postcards
depicting landscape (Oladottir, 2005), and fin#tlg perception of colours in the
Icelandic landscape (Eymundardottir, 2007). Sevemalronmental impact assessments
have also touched upon the subject of landscapehbse are most often limited to
construction areas (e.g. Arnalds 2001, Linuh6n2006).

The description of Icelandic landscape was theestilgf a doctoral thesis in
philosophy by Hubertus Preusser (1976). The approas both deductive and
inductive, field work for the collection of datas well as an intensive review of the
literature. This study was very thorough and predid good overview of the geological
landscape. The study revealed 9 landscape type2Glashdscape regions. Landscape
region is more a description of the landscapefiieidint parts of Iceland, e.g. the
Western lowlands and the Northern lowlands, wihikedescription of the landscape
types is of a general nature e.g. Lowlands. Witlialting to deeply into the methods
used we find fault with the approach, which is ¢benbination of qualitative and
guantitative methods. The resulting landscape tgpeshus based on the authors own
ideas of what should comprise a landscape typdsidur method uses statistical
methods to derive landscape groups based on pyualtitative data. Although our
approaches are quite different the resulting lampsgroups are quite similar or almost
identical. However the statistical approach wibb@irbetter when dealing with landscape
sites that are difficult to place within any of tlaadscape groups. In such cases the
guantitative sampling method will limit all unnesasy doubt. The quantitative and
statistical method is also repeatable by all, #igdikelihood of getting the same results
between different researchers are much higherithtre qualitative method.

In 1999 a Framework plan for hydroelectric and geonal development was
initiated by the Ministry of Industry, Energy, afidurism (Thorhallsdottir, 2007b). Its
objective was to rank and evaluate potential $adeenergy development according to

several criteria. Four workgroups were establiskadh of which proceeded from a



different viewpoints. One workgroup ranked thessdecording to the impact on the
environment and cultural heritage. This particwarkgroup began the work of
evaluating landscape according to visual physikatacteristics, and the work published
here may is conducted in relations to the secorg@bf that work. The method we
developed during this second phase is based ors@8l\physical characteristics that are
guantitatively analyzed and given scores betwegroDexisting) to 5 (large in
qguantity). These physical characteristics arevegetation cover, landscape depth, basic
landscape shape, water cover, lines, and forms etc.

Further outlines of the method employed are natudised in this thesis, for
more detail on these physical characters and thergkdevelopment of the method see
Thorhallsdottir (in prep.). In the first article tfis thesis the result of the classification
method is presented. The scores of the physicédaties from 98 sites around Iceland
are analyzed with multivariate statistical metholisese methods are Cluster analysis
and Principal Component Analysis. The second articlalyzes the correlation between
the resulting landscape groups discussed in timedhoarticle with underlying geological
factors such as geological age. The main objedtivhis thesis is therefore to analyze
how effectively these multivariate statistical medh can translate the data into
meaningful landscape classification, along withlygziag the correlation with geology

in Iceland.
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Article 1: Landscape Classification in Iceland
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1.Summary

A method has been developed for the classificaifdnelandic landscape based on
visual, physical characteristics. Here it is applie a dataset of 98 sites, sampled in a
nationwide systematic sampling design of 10*10 kidgy In the field, sampling points
were located as predetermined GPS coordinategioethtre of each grid and a checklist
of 23 visual landscape variables filled in. Thréédent combinations of variables were
subjected to Cluster Analysis and the one yieldireghighest bootstrap values and
cluster of high similarity selected for further faipal Components Analysis to explore
the variables most associated with different laadsagroups. Eight major landscape
groups were identified: flat coastal areas (1yd$o(2), deep U-shaped vegetated valleys
(3), shallow inland valleys with less vegetatiol (Agetated lowlands plains and
heathlands (5), low diversity vegetated plains it landscape depth (6), barren
highland plateau with large patch size and higkisaape depth (7) and barren highland
plateau with rivers (8). The results demonstragetdnefits of having a objective
classification method which for example can revkalinfluence of each landscape
visual variable on the classification which can betso easily done with similar but
subjective classifications. This study is hopefahly one of many landscape researches

in Iceland to come.
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2.Introduction

Land use planning and landscape conservation greriemt issues in contemporary
societies, especially in densely populated andhsitely farmed countries such as those
in Europe. The European landscape convention irerte, for example, emphasised
that the participating countries acknowledge: “tint quality and diversity of European
landscapes constitute a common resource, and featriportant to co-operate towards
its protection, management and planning.” (Eurodesardscape Convention, 2006).
Although historically and politically a part of Eape, Iceland is unlike many other
European countries. It has, for instance, not sighe agreement of the European
Landscape Convention, unlike many other countndsurope. This is especially
surprising considering that landscape is a mosbrtapt national symbol in the mind of
the Icelandic people, according to a recent surff&yason, 2005). The sparse
population and little arable land for agriculturaka the human impact not as significant
a landscape factor in Iceland as in other countri¢surope. The landscape seems,
therefore, more or less natural in a European gbrtand use has, likewise, been
minimal in comparison with European countries arespure for sustainable land use,
and landscape conservation has, therefore, notsieeng. This has, however, changed
recent years, as may be seen in regard to a lgdyegower project in the central
highlands of eastern Iceland (Benediktsson, 2006).

The Icelandic Landscape Project was launched i 280a part of the
Framework Plan for the use of hydropower and geothkeenergy (Bragason et al.,
2006). It is divided into two parts, first of whiththe classification of Icelandic
landscape according to visual physical charactesisthe project presented here is part
of the landscape classification, and has the aiamafysing a data sample of 98
landscape sites. The sampling procedure is explamdetail elsewhere (Thorhallsdottir
in prep). Here, only the results of our analysis are gmé=d. Multivariate statistical
analysis, i.e. Cluster Analysis and Principal Congyd Analysis were applied to reveal

patterns in the sampling data on which to baselkassification.
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3.Materials and Methods
3.1.Sampling design

A systematic sampling design was adopted, makiegtithe nationwide 10*10 km

grid system of the Icelandic Institute of Naturastdry (Kristinsson and Johannsson,
1970) which has a known GPS point at the centeaoh square of the grid. Every third
square in every third row was selected, givingtal ttample size of 130 points or sites.
The present study includes a sample size of 98. ditee remaining 32 include urban
sites (1, site, excluded as outside the scopeegbttbject), glaciers (11), inaccessible
sites (1), and sites that were either unsamplettidoend of 2007 or had to be revisited,
mostly because of unsatisfactory weather conditasr@dor visibility during the first

visit (18).

3.2.Sampling procedure

Field sampling took place in July and August of @@dd 2007. A two man team
located the centre of the selected squares witind held GPS device (Magellan
eXplorist 500 LE). Although every effort was made¢ach the preselected GPS
coordinates, this was not always possible dued@thsence of natural barriers, e.g.

cliffs, canyons, or large rivers.
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Figure 1 The 10*10 km grid system (Kristinsson andohannsson, 1970). The distribution of the 98
sites (shown as red squares) sampled for the Iceldio Landscape project in 2006-2007. The
numbering of the grid squares is combined with theumbers at the top of the figure, followed by
the numbers on the left, e.g. the empty square ali¢ top left corner would be numbered as 2432

For a few sampling points, a maximum distance kin5from the predefined
GPS point was accepted. At the sampling pointatiteal GPS coordinates were noted
and the checklist (see below) was completed. Dighatographs (taken with Nikon
D70 and Nikon D80 cameras) and videos (JVC EvedeM&5255) were recorded for
reference, as well as for other potential and saleelduses in the project. In order to
ensure comparability, the procedure was standatdizih respect to:
1) Landscape colours, e.g. of vegetation. The sagpkriod was restricted from June
to early September.
2) Time of day, so as to avoid long shadows art Bgsociated with sunrise or sunset
3) A clear sky was preferable, but in practice thiglmost unattainable in Iceland. A
minimum requirement was that mountains and peatsldibe visible, free of cloud,
and the weather clear enough to allow accurataiatiah of landscape colours.
4) Angle and elevation above ground. The cameram@amted on a tripod at a set
height, and two sets of photos were then taken ad60° circle had been completed,
first by positioning the horizon in the middle dktview-field, and then placing the
horizon 1/3 from the top of the photo, as this iged the foreground more

prominently.
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3.3. Field checklist:

The visual physical features of the landscapes weaatitatively evaluated using a

checklist of 23 variables (Figure 2), plus a qaaiNte (presence/absence) scoring of 37

colours. The actual GPS coordinates, height ab@emnmsea level, and the common

name of the site were noted on the checklist. Bdiribute in the checklist was given a

score of 0-5 depending on the amplitude, quantityliversity of the variable in

guestion.

For more detailed description of the checklist asdttributes, see Torhallsdottir (in

preparation).
variable scoring
basic landscape shape concave ([I) straight convex (n )
visible landscape depth < 3-10 11-20 21-40
(score for ¥4 parts of horizon) =3 km km km km >40 km
elevational range small to great
straight not present to very prominent
rolling not present to very prominent
landscape ;
forms sharp not present to very prominent
sinous not present to very prominent
diversity homogenous to diverse forms
repeated forms none to very prominent
. cover low to continuous
vegetation - - -
diversity low to high
colour range low to high
patch size large to small
patterns ; . i
diversity low to high
diversity low to high
texture surface
smooth to very rough
roughness
cover low to high
water current calm to torrent
expression | 1 form only to many different
sea cover none to prominent
snow, glacier, ice none to prominent
contrasts low to high
magnificence low to high
diversity low to high

Figure 2. The field checklist. The 23 variables itthe checklist were quantifiably given scores

between 0-5 at each site visited.
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3.4. Analysis

Three different matrices containing the attributeires for all the sites were prepared:
1) a matrix including all attributes, 2) excludirgpeated forms and 3) excluding glacial
cover and repeated forms. These analyses wereedppla matrix formed by the scores

from the field checklist.

3.4.1. Cluster analysis

Cluster analysis is a widely used multivariateistagal method with applications in
numerous sciences, e.g. many fields of biology i@Aacet al., 2007; Finnie et al., 2007,
Yonemoto et al., 2007; Justenhoven et al., 2008),saciology (Del Campo et al.,
2008). The aim of cluster analysis is to ident#ationships between objects by what
are known as similarity or distance measuremertts i§ usually achieved by arranging
the data into a matrix and then calculating thdlanity (or difference) between each
pair of objects. The results may then be combintxa new matrix, comprised of
coefficients of similarity. Similarity measures Ween objects usually range from
between 1 (complete agreement) and 0 (completendissty). One may also measure
the dissimilarity (often termed distance measuiesjkhich case the range simply
inverts, i.e. 1 then represents complete dissiityland 0 complete agreement. The
cluster analysis employed for this project measudlissimilarity.

There are many different measurement methods bghwthidetermine similarity. The

simplest sums up agreements between objects, tgreguationS(x; x,) = ﬂ,
Y

where p = number of descriptors and q is the nurabagreements between descriptors,
S = similarity coefficient, X= object 1 and X= object 2. This simple similarity
measure works well with binary data, but less wlén there is a quantitatively
measurable difference such as is the case heren Waesimilarity matrix has been
calculated it may then be used to construct a agmdm, by submitting it to a cluster
analysis. There are several different kinds ofteluanalysis methods available (for a
detailed discussion refer to Legendre and Legerid@s).

The clustering analysis method was performed vhighstatistical computing

software R (Suzuki and Shimodaira, 2006). Thisipalgr program allows the user to
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choose which algorithm to use, and has the advargegr other methods of allowing
bootstrap re-sampling with p-values, which is imaot for internal validation
(Legendre and Legendre, 1998). Several differerdkf algorithms and distance
measure methods were tested, and the results Weaéhar similar. The methods used
were the average agglomerative method in conjumetith the uncentered distance
measure, along with 10 000 bootstraps. For morgldetn these methods refer to
Legendre and Legendre (1998), Shimodaira (2002) Sarzuki and Shimodaira (2006).

3.4.2. Principal components analysis:

Principal components analysis (PCA) is used to lramdiltivariate data and has been
used with diverse applications, e.g. in geologydé@¢hami et al., 2000), environmental
research (Lourenco et al., 2006), remote sensingtéZon et al., 2006), and landscape
and urban planning (Bryan, 2003; Gao and Asami72@CA’s main function is to
present variation in data sets with fewer variabia® contained in the original set, and
to reveal patterns in the data that cannot be legtid®y examining the variables
separately (Legendre and Legendre, 1998; QuinrKaodgh, 2002). PCA works by
computing eigenvalues and eigenvectors, which aneasurement of the covariance or
correlation between variables. Eigenvalues reptaberamount of variation explained
by each principal component. If the original ddtaws strong correlations between
variables, then the first two or three componentisusually explain most of the
variation in the original data. The eigenvectorstlee other hand, are the principal axes
of the PCA. These eigenvalues and eigenvectorssaraly presented as an ordination
graph with two axes, most often the two that expthe largest amount of variance. The
objects resulting from the data are then placed onltidimensional ordination graph,
according to the Euclidian distance between themerdfore, the position of objects on
the ordination graph and the angle between thenmarertant, and may be used to
explain the general gradient in the original d&ta. a detailed discussion of Principal
Component Analysis refer to Legendre and Legert®88) and Quinn and Keough
(2002).
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4.Results
4.1. Dendrogram 1: All attributes included
4.1.1. Cluster Analysis

The results from the three dendrograms that weatysed will be explained
consecutively and than the Principal Component ysiglof the third dendrogram.
Dendrogram 1 incorporated all 23 attributes, ardrésulting dendrogram yielded the
greatest number of groups, a total of 12 (Figurd B dendrogram had slightly more
low similarity clusters than did dendrograms 2 8ndhis indicates that the repeated
forms and glacial cover attributes had the effédbwering the overall similarity of the
data, which yielded more groups but less well aefithan the following two (Figures 4
and 5). The AU bootstrap values were rather highrfost clusters, indicating that the

clusters were reasonably stable and not formeainegandom factor.
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Figure 3. Dendrogram 1. Cluster Analysis dendrogran of major Icelandic landscape groups based
on 23 visual physical characteristics of 98 site$he Y- axis indicates level (height) of dissimilaty.
The eight groups are demarcated in red lines on theendrogram and numbered at the bottom. The
red and green numerals at branch dividing points sbw bootstrap resampling values, grey numerals
show the sequential cluster numbers. The line of mbers at the bottom of each cluster-line refers to
landscape site grid-numbers, see Figure 1. The untered distance method and the average cluster
method were applied (Suzuki and Shimodaira, 200655roups 10 and 11, not numbered, are simply
too small for the numerals to fit, so they are noshown.

4.1.2. Group features

The major divisions in dendrogram 1 were not aareteit as in dendrograms 2 and 3.
The first division from the top, separated sitewacean covers (groups 3 and 4), along
with a group with flat landscape shape (group rbmfthe rest. Group 4 contained four
flords, three on the east coast, and one in théfyeeds, separated from the rest, mainly
due to the presence of prominent straight lineg. §édctond major division separated

sites with low vegetation (5, 6, and 7) from thetr&roups 5, 6, and 7 included clusters
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with low similarity (higher up), compared to otreusters, both in this dendrogram, as
well as in two following ones. Groups 8 and 9 cetesi mostly of concave U-shaped
valleys. Finally, groups 10, 11, and 12 consistesites that had repeated forms, and a
few that had glacial cover.

The dendrogram was therefore divided into 12 distgnoups: Flat plains (1),
outlier sites (2), coastal areas consisting ofifjoand beaches (3), coastal areas with
prominent straight lines (4), sparsely vegetatgghland areas with smooth texture and a
moderate elevation range (5), rough-textured higldg6), smooth-textured (i.e. sandy)
highlands with limited elevation range (7), heatlls, plains, and valleys with moderate
to prominent rolling lines, but few straight andyafar lines (8), valleys with prominent
straight and angular lines and wide elevation rg@yeand finally, sites with glacial
cover and prominent repeated forms (10-12).

The dendrogram was constructed by drawing a lire(al4 level of similarity,
resulting in 12 groups, or four more than in thkofeing two analyses. The groups were
very different in size, the smallest consistedmfy@mne member (group 11), and the
largest consisting of 20 (group 9). Few subgroupsgdbe identified within the 12
major groups. Group 3, for example, combined coadprds and flat beaches, which
were separated in the latter two dendrograms. Arsuip may be identified within
group 3, with a clear division. Cluster 70 (lefonsisted of coastal areas with extensive
vegetation cover, while cluster 82 (right) was astvegetated. Group 8 included both
concave U-shaped valleys and flat plains, whicheveeparated in the later two
dendrograms.
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4.2. Dendrogram 2: Repeated forms excluded

4.2.1. Cluster Analysis

Dendrogram 2 excluded repeated forms. The dendrograealed 8 main groups and 1
outlier group (Figure 4).

Cluster dendrogram with AU/BP values (%)

au_bp

olo

Distance: uncentered
Cluster method: averaae

Figure 4. Dendrogram 2. Cluster Analysis dendrogranof major Icelandic landscape groups based
on the visual physical characteristics (repeated fms excluded) of 98 sites. The Y- axis indicates
level (height) of dissimilarity. The uncentered ditance method and the average cluster method
were applied (Suzuki and Shimodaira, 2006). For nre information, refer to Figure 3.

Most clusters were formed at a high similarity lewe below the 0.10 distance
height (Figure 4). The clusters usually had high-vedlues and were thus strongly
supported by the bootstrap iterations. However enotusters were formed with lower
similarity than in dendrogram 3 (Figure 5).
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4.2.2. Group features

The first major division of dendrogram 2 separdtexloutliers from the rest. The
outliers were the same as in dendrogram 3, congisfitwo sites that had very few
attributes in common. The second major divisionti@sted the barren highland areas
and sites of similar low vegetation cover (group8,5/, and 8), as opposed to more
highly vegetated areas (groups 1-4).

The concave glaciated valleys formed group 1, sgedrfrom the flat plains and
heathlands (group 2), as well as from coastal §desd 4). The coastal areas were
divided into U-shaped fjords and more horizontarsk. Groups 5, 6, 7, and 8 were all
sites with low vegetation cover and large pattéza,sat or near the highlands, but were
further categorized according to the amount of wedeer, type of texture and glacial
cover.

The groups formed were: One outlier group (groupv@ljeys with a concave
shape (1), plains and heathlands (2), coastalwitasa flat landscape (3) or a concave
shape (4), highland sites with smooth texturel{hlands sites with smooth texture
and water cover (6), highland sites with roughuexte.g. lavafields, 7), and finally,
glacial cover (8).

The groups were quite different in size rangingrfré to 29 members, group 1
being the largest and groups 5 and 8 being thdeshal he valleys within group 1
could, for example, be subgrouped according tmfaguch as concavity, narrowness of
visual depth and the prominence and diversity ohfand lines in the landscape. The
addition of glacial cover influenced group 7, whighs subgrouped into highland sites
with and without glacial cover.

4.3. Dendrogram 3: Glacial cover and repeated forms exeded
4.3.1. Cluster Analysis

Dendrogram 3 identified eight main landscape groujithin the sample of 98 sites, as
well as one outlier group (Figure 5). The groupsendemarcated by the straight

horizontal line at a 0.14 level of dissimilarity.
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Figure 5. Dendrogram 3. Cluster Analysis dendrogren of major Icelandic landscape groups based
on the visual physical characteristics (excludingepeated forms and glacial cover) of 98 sites. The Y
axis indicates level (height) of dissimilarity. Tl uncentered distance method and the average
cluster method were applied (Suzuki and Shimodaira2006). For more information, refer to Figure
3.

Most of the clusters had high AU-values, i.e. theye strongly supported by the
data. AU-values of zero, which were rarely observeste probably due to the random
position of a large cluster positioned high wittiie dendrogram, which may appear
either to the left or right of the other clustessnied earlier. It was also evident that most
clusters were defined at a relatively low levetlafsimilarity (a third having a value less
than 0.05), indicating that the sites within ealtilster had strong similarities.

4.3.2. Group features

The dendrogram displayed three major divisionsctidiefined the main landscape
characters (Figure 5). The first division from tbp of the dendrogram split the sample

into two parts, i.e. groups 1 and 2 versus all ogineups. This separated the sites with
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sea cover from the rest. Groups 1 and 2 compricastal areas and were further divided
into costal areas with concave landscape shapglaeated fjords (group 2) and
beaches with more or less horizontal landscapees{gapup 1).

The second division resulted in a separation ofigs@ and 4, which were
concave glaciated valleys, from the sites in grdup$, which were more level. The
visual depth is also less in groups 3 and 4. Rirthk lack of vegetation in sites within
groups 7 and 8 resulted in the third major division
Eight main landscape groups were thus defined: @@baseas (1 and 2), U-shaped
landscapes (3 and 4), flat, vegetated landscaped®), and flat sites with sparse
vegetation cover (7 and 8). The groups were glifterent in size, group 5 being the
largest with 21 members, and groups 4 and 8 bamgrnallest with seven members
each.

Several subgroups could be identified within themggoups. Group 5, for
example, contained three or four subgroups. Cl@&ewithin group 5, could be
regarded as containing two subgroups, the oneengdht having slightly higher scores
for rolling lines, diversity in texture, patterrgrims and lines. There were, however,
more subgroups within the previous dendrogram thare were in this one, due to
clusters with a higher level of similarity.

The outlier group was made up of sites 3041 an@ 45Bese sites should not be
considered as a well defined landscape group,ewsdbmbination of characteristics was
not similar enough internally. Their characteristieere also not sufficiently similar to

the other landscape groups to be considered agytiiner than outliers.

4.4. Principal Component Analysis

A Principal Component Analysis was performed ondhta from dendrogram 3, i.e. the
one from which repeated forms and glacial coverevexcluded. The eigenvalues in
Table 1 indicate the total amount of variance mdhata represented by each eiginvector
The first component accounts for most of the vemmgtfollowed by the second, etc.

Together the components comprise all of the variaith the data.

28



Table 1. Additive eigenvalues calculated from a Pmicipal Component Analysis of the visual physical
landscape characteristics of 98 sites in Iceland. dlel 3 was used in the analysis. Eigenvalues
indicated the cumulative proportion of variation in the original data explained by the components.

The first components had the greatest explanatoryatue, and the eigenvalues added up to the total

variation
Compl | Comp2 | Comp3 | Comp4 | Comp5| Comp6 | Comp7 | Comp8
25.7 42.9 55.3 62.3 67.9 72.5 76.8 81.0
Comp9 | Compl10| Compll| Compl2| Compl3| Compl4| Compl5 Compl6
84.3 87.4 89.7 91.6 93.4 94.8 96.0 97.0
Compl7{ Compl8| Compl9| Comp20| Comp21
97.9 98.7 99.2 99.7 100.0

The eigenvalues of the first two components acaalfdr about 43% of the total
variation, and the first eight for 81%. Usually first two or three components account
for more than what we see here. This indicates madeleovariance between the
attributes in the original data, i.e. the higher tiovariance in the original data the more
the is accounted for by the first axis (Legendre bagendre, 1998; Quinn and Keough,
2002). This moderate percentage for the first tarmgonents means that the biplot does
not show a clear division between sites as couledpected with PCA, i.e. the more
accounted for by the components, the clearer tisidn.

The loadings indicated the degree of influenceacheattribute, and only a few
showed moderate correlations (>0.5) for the flist¢ components (Table 2). For
example, sea cover showed strong positive coroglatith component 2, and a weak
negative correlation with component 1. This suggpksihat the sites that had high scores
for sea cover should have been influenced moragiydy component 2, than by
component 1. Several attributes showed low coroglatith component 2, e.g. size and
diversity in patterns, along with roughness ancdiity in texture (Table 2). These
attributes were represented by the cluster of aypwinting to the right on the

ordination graph, rather than upwards or downwéfasure 6).

29



Table 2. The loadings for each attribute on the fist three components of a PCA of the visual
physical landscape characteristics of 98 sites iéland. The attributes are from model 3. The
numbers are correlation coefficients and most of tbm are rather low. Attributes with low
correlation with a component do not show any distiution trends in the biplot (Figure 6). In other
words, sites that have high scores for weakly corl&ed attributes are not situated differently

visually from sites with low scores for the samettibute.

Attributes Component 1 | Component 2| Component 3
Basic shape -0.243 -0.011 0.09
Visual depth -0.298 0.066 0.074
Elevation range 0.310 0.087 0.145
Straight lines/forms 0.425 0.191 0.134
Rolling lines/forms -M03 -0.360 0.155
Angular lines/forms 0.329 0.180 0.278
Sinuous lines/forms 0.271 -0.213 0.001
Diversity of lines/formg 0.289 -0.023 0.146
Vegetation cover 0.131 0.314 -0.753
Vegetation diversity 0.146 0.129 -0.298
Colour range 0.146 0.040 0.029
Pattern size -0.136 -0.006 0.144
Pattern diversity 0.167 0.012 -0.024
Texture diversity 0.213 0.015 0.023
Texture roughness 0.113 0.046 0.166
Water cover 0.120 -0.276 -0.193
Water current 0.239 -0.284 -0.081
Water expression 0.113 -0.174 -0.123
Sea -0.066 0.660 0.212
Snow 0.154 -0.029 0.120
Overall diversity 0.181 0.023 -0.005
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The biplot ordination graph showed the 98 sampésgiositioned according to
their scores from the eigenvalue and eigenvectoulzdions, plotted with the first two
eigenvectors (Figure 6, Table 2). The influenceaxth attribute was represented by a
black arrow drawn from the origin (i.e. middle)tbe plot, and stretched according to
the strength of the eigenvector for that particaléribute. The direction and length of
the arrow were, therefore, important, i.e. thewsda the direction of increase of each
attribute, and the length indicated the rate oféase, i.e. the shorter the length, the
greater the increase (Quinn and Keough, 2002) ntingbers represented group
numbers of the sites from the dendrogram in FigurEhe position of the points is
crucial, because the farther they are apart, thatgr the difference between them. This
was the most important use of PCA for this landsaadgssification.

Clear clusters which corresponded to the resutiduysred by the Cluster
Analysis were revealed in Figure 6. It was obvithat most of the arrows pointed to the
right of the graph, while few pointed to the lefisual depth, basic shape, and pattern
size), and two arrows were oriented primarily up¥gaisea cover and vegetation cover).
This is also reflected in Table 2, where only a tributes had negative loadings.
Those sites that were to the left scored highlwfsual depth, basic shape, and pattern
size. Likewise, the sites on the top of the gragth lhigh scores for sea and vegetation

cover.

31



sea L ©
o 1
| >
| 3
<
S - [ 2 0 a4
® m 5 |- ¢
° P ° B 6
® veg.cover .
- e ® m s
N | @
o ® ® b . -
angular straight
C
N @
S wsuaLdepm elevati@n
34 ° | [ °
. gasic.shap€& divers.forms
)
L
N sinous - o
e ® ® e
- ® wat®over wat.current
< Ps ®
rolling
- =Y
<
S
T T T ' I
0.4 -0.2 0.0 0.2 04
Comp.1

Figure 6. First and second axes of the Principal Goponent Analysis based on the visual physical landape characteristics used in
dendrogram 3 (Figure 5). Different colours represeted sites in the major 8 landscape groups, accordjnto Figure 5. Arrows indicated the
weight of each attribute. The attributes in the “sap” of arrows above snow in the figure are: Colourange, pattern diversity, texture
diversity, texture roughness, and overall diversity
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5.Discussion

5.1.Comparison of the three dendrograms

The three models yield broadly similar results mexertheless vary both in the degree
of clarity and the composition of groups. The twaeladed attributes (glacial cover and
repeated forms) were present at only a few of ites sisited, while most others were
generally present, although to a differing degreadldhe sites. The definition of
repeated forms was not always clear cut. Thesattibutes were also unconnected
with any of the other attributes. The highly el@dhtind large glaciers forms are often
visible from afar and can therefore be a part ofyngdifferent kinds of landscapes. For
these reasons we excluded these attributes fonder analyses. We see that some of
the sites, where glaciers were detected, do fodmstanct group in dendrogram 1 and 2
(Figure 3 and 4) but are separated in dendrogréaig8re 5). This also demonstrates
the flexibility of our approach, which makes evaioa of the effect of each landscape
attribute easy, by removing and/or adding it. |fas example, clear that adding
repeated forms to the calculations resulted irparsge additional group in the first
dendrogram (Figure 3). Adding glacial cover alsd tias effect (Figure 4), but the
effect was not as pronounced as with repeated fokminteresting consequence of
adding attributes is the effect they have on sintyldevels, pushing more clusters to a
higher level. This is most evident in the first desgram where the 0.14 level separation
line resulted in 12 groups, but in only 8 for tleeend two dendrograms (Figure 3).
Although the similarity levels were higher for tblesters, the AU bootstrap value was
quite large throughout the different combinatioratifibutes. It is also clear that some
groups were more stable than others, and formead three dendrograms, for example
U-shaped valleys, coastal sites, and fjords. Tdtesfhaped plains and heathlands were
also stable. Some sites were less stable, and fibgieveen groups on separate
dendrograms. These were most often sites that dmuttescribed as consisting of
characteristics that may be found in more thangsnap, for example the sites that
ended up in group 4 in dendrogram 3. The last aggrdm, which excludes glacial

cover and repeated forms (Figure 5), has the dedreision of major groups, and was
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also the easiest to interpret. | will, thereforeamine it more closely in the following

sections.

5.2. Group 0: Outliers

The two sites farthest to the left on dendrogramay be regarded as outliers (Figure 5),
with low similarity to other sites. They were amahg last clusters to be formed in the
dendrogram, and such late clusters are usuallgtediat the end of the dendrogram.

Their distribution may be seen in Figure 7.
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Figure 7. Distribution of landscape sites (red squas) within group 0. These are Dynjandisheidi,
3041 (upper) and Fjallabaksleid sydri, 4562 (lower)

Dynjandisheidi (3041), is a wind eroded, high patevith an ocean view on one side,
and clusters of mountains and peaks on the othleaslvery low vegetation cover and
unusual, oddly coloured, rough- textured morairesdng the ground (Figure 8). The
combination of high-altitude and low vegetationhwiigh sea cover is unusual, as is the

rough textured moraine.

34



Figure 8. Dynjandisheidi (site 3041), a wind swetnd eroded high plateau moraine, with odd
colouring and rough texture. The site is situated laove Arnarfjordur, which is one of the West
fijords. Photograp: Hlynur Bardarson

The other site is 4562, Fjallabaksleid sydri (Fegdy The name translates as
“The southern route behind the mountains”, andhslhantly descriptive name for this
particular site. It is characterised by moderalatge, roughly textured highland plains,
partly covered with grey and green moss, surrouihgea complete circle of mountains
at a moderate distance in the background. Thetsgegfore, imparts moderate visual
depth and a considerable elevation range, an uhcsodbination of these attributes.
These two sites include characteristics otherwigiEal of two or more major
landscape groups. Therefore they do not fit witheight landscape groups and are not
similar enough internally to be considered as shimgtother than an outlier group with

“hybrid sites”.
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5.3. Group 1: Coasts and islands

The first landscape group has 14 members and ¢smsisites at or near the coastline
(Figure 9). They are largely characterized by alfsic shape, although it is not
uncommon to find high mountains to one side, oceesly yielding a partially concave
shape. Vegetation cover may be low or high, buttetgn diversity is mostly low.

Diversity of forms and lines is also below average.
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Figure 9. Distribution of landscape sites (red squas) within group 1. The sites are coastal areas
and characterised mainly by their sea cover.

The sites within group 1 are situated at the tdfpclerner of the Principal
Component Analysis ordination graph (Figure 6).Tgusition indicates high scores for
sea cover, visual depth, basic shape (i.e. flatyyell as for a coarse pattern size, all of
which are defining variables for this group. Onetda which greatly influences the
landscape of coastal sites is wave action, whielpea$ the outlines of coasts. The
character of the actual coastline may be roughiiddd into two different types: a)
Rocky, mountainous, and clifflike, or b) flat amitle sand beaches with fine grained
sand (Plummer et al., 2005). Herdisarvik (3662)tigpical sandy beach, situated on the
southwest coast of Iceland (Figure 10). Theresslestantial upload of sand at this
beach, and this is collected for construction werly, at Eyrarbakkafjara (3962). The
sand at Eyrarbakkafjara is deposited there by thes@river, which is a combined

glacial and spring fed river, with the highest dimge of any Icelandic river
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(Orkustofnun, 2009). The landscape is shaped Isyselimentation along with the
erosive action of ocean waves. The diversity ofviagetation is low, and the pattern

size is large.

Figure 10. Herdisarvik (site 3662). A sandy beaclitsated at the south west coast of Iceland. This
kind of wide sand sedimentation is very common alanthe south coast of the volcanically active
island, and the sediment is often harvested for use construction work. Photograp: Hlynur
Béardarson

Site 4538 is a rocky, mountainous coast in theheort part of Iceland (Figure
11). Here, the physical character is formed byieeoaction of waves upon the
coastline, leaving a clifflike structure, and a imstnaller beach. These rocky coasts are
typical of the old Tertiary parts of Iceland, itbe west, central north, and the east, while
sandy beaches are found in the younger parts. I@ssification does not differentiate
between these two coastal types.
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Figure 11. Bjargavik on the Skagi peninsula in theorthern part of Iceland. This site is a typical
rocky coast. These kinds of cliffs are home to arge population of seabirds which breed in Iceland
(Burfield and Van Bommel, 2004). Such cliffs are m@ common in the older Tertiary part of
Iceland. Photograp: Hlynur Bardarson

5.4. Group 2: Fjords.

Group 2 is also characterized by sea cover, clagté@rwith group 1 at a higher level in
the dendrogram. The most pronounced differencedsstygroups 1 and 2 lies in their
basic shape, group 2 having a predominantly conshape. Group 2 contains 11 sites,

in or near fjords (Figure 12).
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Figure 12. Distribution of landscape sites within goup 2 (red squares). The 11 sites are distributed
in the old Tertiary regions, and are characterisedy sea cover and a concave landscape shape.

The fjords are predominantly in the old Tertiargioms of Iceland, in the west,
central north, and eastern Iceland, as well asarNorthwest Peninsula. The fjords were
formed during glaciations periods in the geologtuatory of Iceland. The glaciers
scraped the bedrock into a concave U-shape (Pluranatr, 2005). They are absent
from the south coast, which is dominated by sareiches. The difference between the
two coastal groups may be clearly identified frdva brdination graph (Figure 6), where
group 2 is concentrated at the top right hand eprndicating high scores for sea cover,
but low scores for basic shape (i.e. concave),enrribup 1 is in the top left corner,
indicating medium scores for basic shape (i.e).flakewise, the scores for elevation
range are higher than in group 1, an effect whiely e attributed to the high
mountains along the fjords.
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Figure 13. Nordfjorour (7547) near the town Neskaugstadur in east Iceland. Nordfjordur is a good
representative for the fjords in group 2. Sea coveis the most prominent attribute along with high
mountains, concave shape, and often prominent stigiit lines in stacks of basaltic Tertiary lava
flows. Photograp: Hlynur Bardarson

The fjords are U-shaped, scoured by glaciers, ligh mountains to each side,
moderately narrow to narrow visual depth, and hagvation range. The mountains
commonly have diversity in lines and forms, espgicthe mountains of the west-fjords
and the east-fjords, which often contain highlymirent straight lines which represent
horizontal stacks of basaltic Tertiary lava flowtadarson et al., 2008). Norofjordur,
situated in the east fjords, is a good represemtati group 2 (Figure 13). The U-shaped

form can be clearly seen as well as the horizatéalks of lava flows.

5.5. Group 3: Valleys

The most prominent characteristics of group 3 dvasac U-shape, a narrow landscape
depth over the greatest part of the 360° fieldisiow, along with moderate to high
elevation range, due to the presence of high mowntm each side. Valleys such as

result from the carving of Pleistocene outlet gdagi which left concave troughs after
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the glaciers melted ( Plummer et al., 2005). Gr8upthe second largest group with 18
sites, second only to group 5, and its distributgoalso widespread in Iceland, although

it is absent from the geologically youngest regiand the active volcanic zone (Figure
14).

Figure 14. Distribution of landscape sites within goup 3 (red squares). As for group 2, these sites
are located in the older Tertiary parts of Iceland.
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The concave shape, narrow field of view, and lalgegation range are
emphasised by the PCA ordination graph, where sitisn group 3 cluster just right of
centre (Figure 6). Other characteristics of théeyalinclude extensive vegetation cover
and high vegetation diversity, with grasslands (@oes, pastures and rough
grasslands), wetlands, woodlands, and sometimesstigf heathlands.

Skidadalur is a glacially formed valley, situateinthe town of Dalvik in northern

Iceland (Figure 15). Several different kinds of @&gion types may be found in this

valley and the concave shape is quite prominent.

Figure 15. Skidadalur in north Iceland. This glacidly formed valley has the U-shape which is
characteristic of sites within group 3. The veget@n cover is high, except on the steep scree slopes
and mountain cliffs and tops. The visual depth is mderately narrow to narrow and the elevation
range high. Photograp: Hlynur Bardarson
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5.6. Group 4: Shallow valleys

Group 4 is best described as transitional, asntjrses features of three other groups:
valleys, heathlands, and the central highlands.cbinemon characteristics of these
landscapes are therefore shared with several gthaps. It is one of the smallest

groups, containing seven members (Figure 16).

Figure 16. Distribution of landscape sites within goup 4 (red squares). The sites are mostly situated
in the volcanic zone, and are best described asrasitional group between groups 3, 5, 7, and 8.
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The sites in this group are situated at the mavfithe central highlands, which
are usually characterized by heathlands (groupl)ough these sites deviate from the
heathlands in their moderately concave shape antrately narrow visual depth
(otherwise characteristic of group 3), prominetiing lines (otherwise characteristic of
group 5) and low vegetation cover (otherwise charatic of groups 7 and 8). Some of
these sites have high diversity in texture and forhe ordination graph (Figure 6)
reveals that sites within group 4 are situated betwgroups 3 and 5. These sites lie to
the right of group 5, indicating lower scores fasslke landscape shape, (i.e. concave
trends), while group 5 is characterized by flatlscape shape. The group 4 sites are also
below those in group 3, indicative of prominenting lines. Site 4859 is one of these

sites and has high diversity in form and textuligFe 17).

Figure 17. Site 4859 close to Hrauneyjarlon, shong the moderate diversity in forms and texture
possessed by some of the sites in group 4. PhotqgrHlynur Bardarson
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5.7. Group 5: Heathlands and plains

Group 5 comprises heathlands, lowlands, and plaimsy share a flat basic shape,
moderate to great visual depth, continuous vegetatver, moderately smooth surface
texture, often a large pattern size, prominentngllines, moderate to low diversity in
forms and lines, and most often a restricted elenaange. The 21 sites are distributed
evenly around Iceland, but are particularly comroorthe fringes of the central
highlands. Many lie above inhabited areas butatid reasonably low altitude. They

represent a common landscape type (Figure 18).
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Figure 18 Distribution of landscape sites within goup 5, (red squares). This is the largest group
with 21 members, scattered around Iceland in margial areas between inhabited areas and the
highland plateau. They are characterized by a flabasic shape and large vegetation cover, along
with rolling lines.

Sites within group 5 are somewhat scattered antbtiéorm a solid cluster on
the ordination graph, although all of them areadtd at a similar location on the graph
(Figure 6). It must be borne in mind that thishis targest group, with 21 members, and
such a large group is more likely to be more spadtéhan smaller ones. It may easily be
argued that the sites within this group should toeiged together, but it can just as
easily be argued that subgroups may be identifggdih. This demonstrates the
necessity of comparing the results between thentethods used, i.e. the PCA and the

Cluster Analysis, so as to best explain the resflthe classification.
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Figure 19. Smjdrvatnsheidi, a heathland in easterfceland. The heathlands are often largely
vegetated, rolling lines are prominent, but diverdy in forms and lines is usually low. The

heathlands are often marked by heavy grazing by slkee and sometimes also by horses. In fact, upon
closer examination of the photograph, one may disoe several sheep in the distance. Photograp:
Hlynur Bardarson

Smjdrvatnsheidi, situated in the eastern part efaled, is representative of the
heathlands (Figure 19). The site has vegetatiodyfor the heathlands, vegetation
cover is mostly continuous but the diversity of e&dgion, as well as of forms and lines,

is low. Visual depth is considerable and soft ngjllines prominent.

5.8.Group 6: Flatlands

Landscape group 6 may be described as a subgrdabp beathlands and plains. This
may clearly be seen by examining the dendrogramyevgroups 5 and 6 are clustered
together within cluster number 90 (Figure 5). Té¢nisup has many features in common
with group 5, but it also has some strong inteahalracteristics. Sites in group 6 all
have a score of 3 for basic shape, indicative @f fitat shape. They have above

average or high scores for visual depth, vegetatomer, and pattern size. Diversity in
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forms and lines, pattern, and overall diversity, a@vever, all low. One quite distinct
characteristic, low scores for rolling lines, ig shared with group 5. The low scores are
probably due to the fact that any hills or mourdaare a considerable distance away,
and the changes in horizontal view are negligibleere are 8 sites within group 6, in
lowland areas or the transitional zone betweenhitbd areas and the highland plateau
(Figure 20).

Figure 20. Distribution of landscape sites within goup 6 (red squares). The eight sites have
extensive visual depth and mountains and hills aresually some distance away. The sites have
largely continuous vegetation cover, and have a fidasic shape.

The characteristics of this group are revealethéréesults of the PCA, where the
sites are clustered to the centre left on the gfRmure 6). Low scores for rolling lines,
and high scores for vegetation cover shift the {gaiowards the top of the graph, above
sites in group five, while high scores for pattsize, visual depth and basic shape, along
with low scores for elevation range shift them todgathe left of the graph.
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Figure 21. Laxholt (3653) near Myrar, in western teland is a good representative of the plains in
group 6. The lack of diversity in forms and linesand the large visual depth are due to the great
distance to the next elevation change, i.e. mounte or hills are very distant. Photograp: Hlynur
Béardarson

Laxholt near Myrar (3653), in western Iceland i€ afi the eight flatlands in
group 6 (Figure 20). Myrar is a flatland, so narbedause of the extensive wetlands in
the area. The nearest mountains are quite distamtthe site, as reflected in the
photograph above, as well as in high scores faravidepth, low scores for elevation

range and low diversity in forms and lines, esdbcralling lines.

5.9. Group 7: Central highland plateau

The cluster that forms groups 5 and 6 is conndct@hother cluster that forms groups 7
and 8 (cluster 94 in Figure 5). This indicates thatsites within these four groups have
some characteristics in common. The sites withaugr7 are either flat or convex in
basic shape, with one exception, site 5450 (Bengkaisl), which is concave, although
it is assigned to this group for other reasons. dites also have a large pattern size and

moderate to high scores for rolling lines, makingm similar to the heathlands and the

48



plains. The distinctive characteristic that makes group special are its below average,
and even zero, scores for vegetation cover anddgifyeThere is one exception to the
low scores for vegetation, site 6041 (Krafla), whidespite its high vegetation cover,
has the other characteristic attributes for grougu¢h as prominent rolling lines and
large pattern size. Krafla is also special amomrggilght sites in this group, as it is the

only site which is strictly speaking not situatedhe central highlands (Figure 22).

Figure 22. Distribution of landscape sites within goup 7 (red squares). The sites are characterized
by low vegetation cover and diversity, large patter size and flat to convex shape. The 10 sites aré a
situated on the central highland plateau.

The ordination graph reveals the same key charsitsras the dendrogram, the
sites within group 7 being situated at the lowérderner, i.e. in the opposite direction
from the arrow representing the loadings for veig@tecover, indicative of the low

scores (Figure 6).
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Figure 23. Fljétsdalsheidi near braelahéls (6650).he site is a good example of the barren and
sparsely vegetated ground of the central highlandlateau. Hills, such as the one in the background,
are common, and influence moderate to high scoreerfrolling lines. Photograp: Hlynur Bardarson

Fljotsdalsheidi, a part of the east central highi&aris characterized by a sparsely
vegetated, wind eroded landscape (Figure 23).dn) flae central highland plateau in
Iceland is an area with such severe soil erosiandasertification that it could be
considered as the largest desert in Europe (Arredldl, 2001).
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5.10.Group 8: Highland plateau rivers

Sites in landscape group 8 are similar to thoggoup 7. These sites have similar scores
for vegetation diversity and cover, a flat basiaghand great visual depth. The
difference between these groups, however, lielair tocation. Sites within group 8 are
situated near rivers or lakes, imparting higheresdor water cover and water current.

It is, therefore, difficult to separate the sitaghvm these two groups on the ordination
graph, as the only measurable difference betwesn th this small difference in water
cover (Figure 6). The rivers in group 8 are allaied in the highlands, except for site
5762 (Nupsvétn on Skeidararsandur), but it is éasyrgue that the characteristics of
this large sandy flatland in the south of Icelandh almost no vegetation to speak of,
should be grouped along with sites in the centigtilands (Figure 24).

Figure 24. Distribution of landscape sites within goup 8, shown in red. The sites are distinct, as dy
are all situated at or near large rivers. Neverthkess, their character is almost identical to the &s in
group 7, with low vegetation cover being the key @&racteristic.
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Site 3341 is not situated next to a river, buteatiext to several small lakes, that
cumulatively give a moderate score for water co8ée 3341 is a highland plateau like
the others, although it is situated in the West§o(Figure 24). Jokulkvisl is a typical

highland river situated near the Kerlingafjoll meains area (Figure 25).

Figure 25. Jokulkvisl river, near Gygjarfoss (4853 This is a typical highland river with similar
characteristics to sites in group 7, except for m@ water cover. Photograp: Hlynur Bardarson
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6.Conclusion

We wished to ascertain whether the method we dpeédlto classify Icelandic
landscape could be successfully applied. We artusdn order to do this it is
necessary to examine the results, i.e. did thesistape groups reflect real entities? We
have shown that the hierarchical properties ofQhsster Analysis and the simplicity of
the PCA yielded results which are both clear amditive. We also demonstrated the
flexibility of the approach by showing how easysito add or subtract attributes and
evaluate the resulting effects. The evaluationtbéoattributes, such as cultural aspects
or even subjective characteristics of the landscapethus easily be added to the matrix.

There were 98 out of 130 possible landscape siepked for this article and the
sampling is still taking place. Adding sites to thester analysis may yield a clearer
picture regarding the landscape groups. We haveiomexd that there are several
subgroups that can be identified, e.g. the sandgtabareas and the cliff costal areas in
group 1. This could perhaps result in two distigrctups if more coastal areas are
sampled. Also new possible landscape types ompgrovhich we have not identified
within these 98 sites, could arise with more ss@sipled. Another important gain with
larger sample size is the estimate of the occuerehdifferent landscape types, i.e.
which are more common than others. This could leéulifor planning agencies that
want to know the impact on the landscape as a whdtzland.

The results also provide good incentives to comtjrand especially, to attempt to
discover landscape type boundaries of the landdgpps. We also hope that our results
may assist in policymaking, by making it easienmanage those decisions that may
impact the landscape in some way. Further studeplanned, which are intended to
facilitate mapping, as well as to enhance our wtdading of the value of Icelandic

landscapes.
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Article 2. Icelandic landscape and underlying ggwlal
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1.Summary

Using a nationwide 10 * 10 km grid system and sa&@bl98 sites, the landscapes of
Iceland were classified into 8 major groups base@®visual characteristics scored in
the field. Here, | explore the relationship of theual landscape classes with underlying
geological factors, i.e. geological age and bedtgpks, using Canonical Correlation.
The digital geological data base of the Icelandstitute of Natural History is arranged
within the same grid system, and for each siteptisportional cover of geological age
classes and bedrock types within each 100 km? sguas calculated. The multivariate
method revealed a strong correlation between tidstzape groups and both geological
factors. This correlation was explored further bynparing these combinations of the
geological factors within each landscape group. ddreelation of the visual landscape
attributes and geological age revealed that sontleesk attributes characterize regions
of old (Tertiary) bedrock, while others are pronmta the presently active volcanic
zone. The landscape groups showed some correlaiibrelevation above sea level.
The results indicate that the visual landscapeaaitar of Iceland is influenced by

geological factors.
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2.Introduction

The Icelandic landscape is unique in European &bnteland is a volcanic island with
diverse geological phenomena, such as hyaloclasttentain ridges, and an extensive
inland high plateau which mostly carries sparseeny sparse vegetation and with large
tracks that could be classified as wildernessai.garge area of unmodified or slightly
modified land retaining its natural character amtuence, and without permanent or
significant habitation. Areas without permanensignificant habitation...” (IJUCN
2009). Landscape postcards and their popularitgrms of sales were used as a proxy
for landscape preferences of tourists in Icelandd@ttir, 2005) and the aesthetic
appreciation of landscape and its relations wittiddogical factors among university
students and a group of connoisseurs were stugi&distinsdottir (2004). In an earlier
investigation, Preusser (1976) attempted a desmmipf Icelandic landscape types and
their regional variability. A number of landscapg\seys have been performed in
relation to environmental impact assessments ggr@alds, 2001; Linuhonnun, 2006).

In 1999-2006, the first systematic analysis of Euaghe was performed. This was
carried out in connection with the Framework planthe use of hydropower and
geothermal energy development (Verkefnisstjorn end gRammaaaetlunar 2003). All
potential hydropower and geothermal energy projeet® evaluated in several respects,
one of which was the landscape at the site in gquesi landscape classification based
on visual physical characteristics has already llescribed (Bardarsan prep). This
resulted in 8 distinct landscape groups.

Landscape classification has been carried outiardEuropean countries such as
the UK (Swanwick, 2002) and Norway (Puschmann, 200&ndscape classification
methods in Europe generally focus more on the @lltandscape than on the natural
landscape. This emphasis is not suitable for tekamhclic landscape, as the human
impact on the visual character of the landscapets®s great as in Europe. The
Icelandic landscape is — in appearance at leasire matural and geology plays a bigger
role in the visual character of the landscape #garcultural land use that forms the

basis of many of the European classification systéang. Washcer 2005).
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In this article | explore the underlying geologifattors that may influence the
visual characteristics of the landscape. Thesefaere geological age, bedrock and
height above sea level. | examine the correlatetwben these factors using the
multivariate method Canonical Correlation whichrekzes the correlation between two
sets of descriptors. This reveals whether then8deape groups previously identified
share some distinctive composition of bedrock tygpe,of similar age, or whether this is
simply random. A 10*10 km grid sampling procedurattwas used for the landscape
classification is applied to two different kindsgdological data maps: a geological age
map and a bedrock map. The relationship betweelatigscape groups and their height
according to Mean Sea Level is also explored.

The aim of this part of the thesis is to explore télationship between the visual
physical character of the Icelandic landscape tngdology. The question is whether
the geology influences with the visual charactetheflandscape and, if so, how strong
is this relationship? Which factors of the geolagfjuence the visual character the most,
and how is this relationship reflected in the |larage classification?

Finally, a comparison of two other landscape cfacsgion methods that are in
part based on geology will be discussed. Theseadsthare the British Landscape
Character Assessment method (Swanwick, 2002) anddtional reference system for
landscape in Norway (Puschmann, 2005)

3.An overview of the geology of Iceland

Iceland is a 103 000 Knoceanic island situated on the Mid-Atlantic ridged therefore
on the boundary of the diverging Eurasian and N@rtkerican tectonic plates
(Einarsson, 2008). It is one of Earth’s most voicalty active regions, with eruptions
occurring about every 4-5 years on average, emiolid lavas and volcanic tephra.
The bedrock of Iceland is relatively young compaxedeighboring countries, and may
be divided into four time-periods based on geolalggge (Saemundsson, 1980).
Miocene (Tertiary) bedrock (>3.3 m. yrs. BP) is théest, followed by Pliocene-
Pleistocene bedrock (3.3 — 0.78 m. yrs. BP.), Pégestocene bedrock (0.78 - 0.01 m.
yrs. BP.) and, finally, Holocene lava flows (young®an 11 000 years BP.). The oldest
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parts are the extreme west and east of Icelant,wigressively younger bedrock
towards the centre (Figure 1).

The plate boundary crossing Iceland is often sépaiato different rift units
based on location. The Northern-Rift Zone is sirmglee that is connected by a
transform fault to the Kolbeinsey-Ridge north ofland. Further south it diverges into
two overlapping spreading centres, the Easternifie and the Western-Rift Zone.
Farther away from the main spreading axis is treef8lisnes Flank Zone to the west
and the Oreefajokull-Sneefell Flank Zone to the Gktobsson et al., 2008 (Figure 1)).

Figure 1. The currently active volcanic zone. Theane is divided into a single Northern-Rift Zone in
the north, and diverging Eastern-Rift and Western-Rft Zones in the south (1). The two flank
Zones, The Snaefelsness flank and the Oraefajokull-Stiel flank are shown also (2). The oldest parts
(Miocene-Tertiary) of Iceland are to the extreme wst and east Based on Einarsson (1994)

3.1. Tertiary bedrock

Iceland is one of the largest basalt areas of trdvwvith 80-90% of the bedrock being
of basaltic nature (Einarsson, 1994). The typicagma erupted at diverging plate
boundaries such as Iceland is tholeiite which letireely fluid (non-viscous), and can

flow over long distances, similar to conditionstkdawai’i. The oldest bedrock in the
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west and east is composed of fine grained, badaltas, formed during the Tertiary.
This period was characterized by a successiontoémely large lava flows that built up
flat plateaus. Today, these are evident as stddksrizontal layers (each layer
representing one lava flow) in the upper partdefrnountains of the North West
peninsula, central north, east and west. In thefqarts of the mountains, these
horizontal layers are covered by slopes of loosees(Figure 2). During the
Pleistocene, the land was more depressed inlantbcaative loadings of volcanic
products, lavas, dykes etc., near the rift axmpgwith subsidence of the rift zone crust,
which decreases towards the rift zone (Hardarsah,e2008). This is still evident today

as a tilt of these layers, so that they are highwards the sea and lower inland.

Figure 2. Mountain Tungufjall in Tungudalur valley inside Onundafjérdur which is one of the west
fiords. Here the stacks of horizontal layers of laa are quite distinctive.
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3.2. The Pliocene-Pleistocene epoch

Iceland was heavily glaciated during the Pleiste¢c@amd it is now believed that at the
last glacial maximum (~20.000 years BP), glacieterded well beyond the present
coastline in all parts of the island (Norddahllet2008). The Pleistocene was a period
marked by alternation between glaciated and norag&t (interglacial) environment.
Volcanic activity continued during the Pleistocexmsl Upper Pleistocene periods, and
includes both subglacial volcanic forms and foradi produced during interglacial
stages (Eiriksson, 2008). The Tertiary basaltsvarstly fine grained and dark in colour
while the interglacial Pleistocene basalts arecglpy coarser grained and lighter in
colour (Norddahl pers. comm.).

Volcanic eruptions in Iceland are mostly basahioature. Acidic eruptions are
much more localized, and are associated with thjernaantral volcanoes with an
underlying magma chamber. Acidic eruptions usuatiyt rhyolitic magma, which may
become yellow, orange, or even pink in colour, ttulater alterations. Additionally,
later alterations in subglacial acidic eruptiong/rmapart distinctive colours, e.g.
sediments that are green or even blue, unlike @lsalbc magma at the Rift-Zones. The
acidic magma is highly viscous and spreads onlytshistances, instead building up
steep mountains, or thick lava flows with a verygb surface that tumbles forwards
rather than flows. Acidic eruptions are known irrtieey and Pleistocene bedrock, but
have only occurred rarely during the Holocene (ESsan 1994).

Basalts erupted under glaciers during the subdlper@ods of the Pleistocene
often produced a tuff like breccia, and/or hyaletitas, with quite different structural
properties, although chemically they are identioghe free flowing basalts.
Hyaloclastites are created by fragmentation of negaien it reacts explosively with
meltwater in the glacier generated by the heat@fetruption. Due to rapid cooling,
these hyaloclastites are associated with glasgyrfents that gradually glue together to
form a grainy type of rock, which is much more dstesthan basaltic rock, but has
much greater water retaining capacity (GudmundssaohKjartansson, 1996).

Although hyaloclastite table mountains and ridgescammon in Iceland, they
are relatively rare in volcanic regions elsewherthe world. They are one of the most

distinctive geological characteristics of the Ileele landscape. The ridges form
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continuous rows of semi-repeated peaks as a m@suticanic activity of fissures which
is concentrated along a row of craters. The monsataie formed in similar eruptions
although here eruption is concentrated in a sirwgetral crater rather than a row of

craters (Jakobsson and Gudmundsson, 2008).

3.3. Holocene and historical period

Postglacial or Holocene volcanic eruptions are mooeand quite diverse in magma
types and eruption styles. They may be divided tintee major groups according to
their combination of erupted products: 1) effusivégva comprises 95% of the
volume, 2) explosive if the Dense Rock Equivalent 5%, and 3) mixed if the volume
is anything in-between. The mixed and explosivgptoans are more common in Iceland
than in other comparable volcanic regions, andttegeyield a diversity of
morphological forms, that is unparalleled elsewhere world. Volcanoes are so
diverse in Iceland that all types of volcanoes knamm Earth may be found there
(Thordarsson and Hoskuldsson, 2008). Explosivetenmgpare common as the most
active volcanoes are situated beneath glaciersalaoddue to the high groundwater
level in Iceland. The high frequency of mixed erops is mainly due to prolific activity
at the Hekla volcano. (Thordarson and Hoskulds2008).

The Holocene lavas are confined to the active vidiczones, and are a
distinctive feature of the central highland langeeéFigure 1 and 5). Most of the
highland Holocene lava flows are barren, even #iby ¢dolocene ones. Some lower
elevation lava flows are vegetated, carrying bircbd/or sparse grassland. The great
lava flows in the mild oceanic climate of the soatid south-west are characterized by a

thick carpet of the modRacomitrium lanuginosum
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4. Materials and methods

4.1. Landscape sampling

The landscape data were sampled during the sunoh2@96 and 2007. The sampling
design was based on a nationwide grid of 10x10duaes developed originally by the
Icelandic Institute of Natural History for mappitige distribution of plant species
(Kristinsson and Johannsson, 1970). Every thiréhsgjin every third row was selected,
which yielded a sample of 130 squares, some oflwdiie not easily accessible and
were therefore not included. By the end of 2007s5i8% had been sampled, and these
represent the data set (Figure 3). Each of the@ &M squares has a known GPS point
in the middle, which constituted the exact samplaggtion. The precise sample point
was reached, except in a minority of cases whewastinaccessible, e.g. due to rivers or

cliffs, in which case the closest accessible pais used instead.
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Figure 3. The 10*10 km grid system of the Icelanditnstitute of Natural History (Kristinsson and
Johannsson, 1970). The red squares show the 98 sisampled in 2006-2007. The four digit code for
the sites is the west-east (x-axis) number, followdy the north-south (Y-axis) number. For example
the northernmost square in the northeast has the ference number 6332.
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A checklist of 23 visual physical variables (se®hg was filled in at the sampling
points and photographs and videos were taken aodded.

4.2. Landscape visual variables

The sampling of landscape data involved a cheabdi@B visual physical characteristics
that were given a quantitative score from 0-5 agiogyto amplitude or diversity. The
checklist was completed according to the visiblelkrape in a 360° field of view, as
seen from the GPS points. Elevation above sea émggrding to a GPS device was also
recorded, as well as the common name of the pladed. For more detail on the
checklist see Thorhallsdottir (2008, in prep.).

4.3. Landscape analysis

The landscape analysis had the aim of revealirgtam in the data on which to base
the classification of Icelandic landscape. This aesieved by multivariate methods, i.e.
Cluster Analysis and Principal Component Analy$ise Cluster Analysis is used to
guantify relationships between objects by so calledlarity or distance measurements.
Measures of similarity are then used to group thjeats in question into clusters. The
Cluster Analysis of the landscape data resulteldistinctive landscape groups, along
with one outlier group of 2 sites that did notifito other groups. These 8 groups are
used in this study to explore underlying physicad aistorical factors.

Principal Component analysis was, however, usedveal the most important
variables for each landscape group, and its reatdtparticularly useful when exploring
the correlation between the visual attributes agml@gical age as explained later. For
more details of these methods see (Legendre anehdeg, 1998 and Quinn and
Keough, 2002).
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4.4. Geological data

The data were obtained from two digital geologioabps, courtesy of the Icelandic
Institute of Natural History. The first is a digtution map of bedrock by age and type
(Figure 4), while the second is a geochronologicap (Figure 5). The map showing
both age and type recognizes 12 different clasgate the simpler geochronological
map distinguishes 7 periods (Table 1).

Figure.4 Bedrock map of Iceland depicting bedrockype and age. Courtesy of the Icelandic Institute
of Natural History (Johannesson and Saemundsson, 98a).
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Table 1. Major geological periods of Icelandic bewck. Based on tectonic maps provided by the
Icelandic Institute of Natural History (1998) see klow.

Geological age type Age
Holocene lava flows Less than 11 000 yr BP.
Upper Pleistocene bedrock Less than 0.8 m.yr BP.

Lower Pleistocene and Late Pliocene bedrnogl8 — 3.3 m.yr BP.

Lower Pliocene and Upper Miocene bedrock 3.3 n8ys BP.

Upper Miocene bedrock 8.5 - 10 m.yr BP.
Upper and Middle Miocene 10 - 15 m.yr BP
Lower Miocene bedrock More than 15 m.yr BP.

Figure 526. Geochronological map of Iceland provid&by The Icelandic Institute of Natural History
(Johannesson and Saemundsson, 1998b).

The acidic lavas, whether historic or prehistoniere not included in the final
correlation calculations, as none of the landssites lay in the vicinity of such lavas.
This left a total of 10 bedrock age and type clas®¥ée added two physical factors: sea
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cover and glaciers. The correlation of visual laxage characteristics with physical
factors included therefore 12 factors, 10 geoldgitizs sea and glaciers.

The oldest bedrock group (Lower Miocene) did natuwén the sample and was
therefore excluded from the analysis. Correlatibwigual landscape characteristics with

geological age thus included 8 factors, i.e. 6&gsses plus sea and glaciers.

4.5. Correlation analysis

Our analysis of geological factors was performethwhe GIS software package,
Arcinfo. The aim was to reveal relationships betwkmdscape and geology by
calculating the correlation between geological age landscape characteristics on one
hand, and bedrock types and landscape on the étheach site, a 5 km buffer polygon
was defined around each landscape site, and taeteach geological class was
calculated.

Canonical Correlation Analysis (CCorA), developgdHotelling in 1936, was
used for calculating correlations. CCorA seekseteeal a correlation between two sets
of descriptors, describing the same objects (Legeadd Legendre, 1998). It has been
widely used, especially by ecologists interestedamelations between two different
kinds of descriptors, e.g. correlation between LBigdogical descriptors and
environmental descriptors (see e.g. Sullivan, 198)orA is well suited to examining
the correlation between bedrock types and landsdapal physical characteristics.

For our analysis we used the CCA package withirsthtstical software R
(Gonzalez et al., 2008). The landscape data weygaped in the form of a matrix of 23
columns, comprised of scores between 0-5 accotditige abundance or amplitude of
the physical characters at the 98 sites we analyderlresults from the bedrock and
geological age calculations were transformed intolar scores for each unit (type or
time period). This was accomplished by dividing sleeres into five even intervals, 1-
20%, 21-40%, 41-60%, 61-80% and 81-100%, and asgjgnscore of O for 0%.

In this way, three similarly structured matriceshnthree different kinds of
descriptors were generated. The Canonical Coroel#&nalysis extracts linear
combinations from the landscape matrix, and ortbetwo geological matrices, in such

a way that the first component from the first matras the maximum correlation with
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the first component from the second matrix. Theaeted components are limited to the
numbers of variables within the smaller matrix, itee geological matrices in both cases

(Quinn and Keough, 2002). This was then repeatethésecond geological matrix.

4.6. Other analyses

The composition of each bedrock age and type adwbbk geological age for the 8
landscape groups was examined from the resultsecditea calculation. This revealed
the major types within each landscape group. Tlaioeship of landscape groups to
elevation above sea level was also explored.

Finally, the correlation of individual landscapswal attributes to geological age
was calculated. Geological age was reduced togéesimumber by assigning a value of 1
to the youngest type (Holocene lava flows), theig& for the second youngest and up
to a value of 6 to the oldest type (Upper and Meddiocene). The sum of the
percentage of the area of each age group resudtsiimgle number indicating the
relevant age. For example, a landscape with ancaresisting of 20% Holocene lava
flows and 80% Upper Pleistocene bedrock has a gmaloage of 2 as shown
here{02x1+08x2=18=2).

5. Results

5.1. Canonical correlation

The correlation coefficients revealed a high catieh between visual landscape
characteristics and geological factors (Figure®)e correlation was consistently high
among the first dimensions and decreased slowdycating a strong correlation. The
correlation was almost 0.9 for both geological agd bedrock classes, slightly higher

for geological age.

70



Figure 6. Correlation coefficients between the lanstape visual physical characteristics and the
geological age and bedrock classes.

The eight landscape groups varied considerablize) sanging from 7 members
in groups 4 and 7, to 21 in group 5 (Figures 7 &nd he sizes of the groups may, to
some degree reflect the frequency or aerial coizeach landscape type, the smaller
groups probably representing landscape types thdess common than those of the
larger groups. More sites need to be sampled smasswer this question with more
certainty. The groups were also situated at ndbigedifferent distances from the central
highlands. Groups 8 and 7 were on or near theadmtshlands, while Groups 1 and 2
were coastal. Groups 3, 4, 5 and 6 largely repteddransitional areas between the
inhabited lowlands and the central highlands.
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[ claciers

[ Holocene 1ava flows

["] upper Pliocene bedrock

[ Late Piiocene and Lower Pleistocene bedrock
[ ] Upper Micoene and Lower Pliocene bedrock
Upper Miocene bedrock

[ "] upper and Middie Miocene bedrock

[ Lower Miocene bedrock

Figure 7. The distribution of the landscape sitesofpen red circles), superimposed on the
geochronological map. The first two groups are sitated at or near the ocean, while the others
gradually approach the central highlands. Map couresy of The Icelandic Institute of Natural
History (Johannesson, H. and Saemundsson, K., 1998a
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Figure 8 The distribution of the landscape sites fzen red circles), superimposed on a bedrock map
of Iceland. Bedrock map courtesy of the Icelandicristitute of Natural History (Johannesson, H. and
Saemundsson, K., 1998a).
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Figure 9. The percentage composition of each geoadmological type within each landscape group.

There was a clear difference in the compositiogeflogical age classes among the
landscape groups. Older Miocene and Lower Pliobeakock was very prominent in
groups 2 and 3, while younger Late Pliocene anitelsene bedrock characterized

groups 1, 4, 5, 6 and 8. Group 7 contained theoggxally youngest sites (Figure 9).

The same age relationships may be seen in thedediasses (Figure 10).
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Figure 10. The percentage composition of bedrockasses for each landscape group, along with sea agldcial cover.
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5.2. Elevation above sea level

The groups differed slightly in altitude (Figure)1Groups 1 and 2 included low altitude
sites with only 1 site above 200 m a.s.l. Otheugsowere more heterogeneous, and
most spanned a wide range of altitude. In sevewlgs, outliers may be identified. This
includes the aforementioned 270 m altitude sitgroup 1, a high altitude site at 900 m
a.s.l. in group 4. Groups 7 and 8 lie primarilyath altitudes, but each contains one
clear outlier, a mid altitude (300 m a.s.l.) siteggroup 7, and a low altitude site in group
8 (~80 m a.s.l.). Sites within groups 3-6 were &yeistributed, and were found at both
low and high altitudes.
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. * ‘
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0 1 2 3 4 5 6 7 8 9
Landscape group

Figure 11. Elevation above sea level for each lancpe group. The first two groups lie at the lowest
altitude while the last two groups lie at the highst average altitude. The groups in between these
have sites that are found at both low and high altiides.

5.3. Correlation with geochronology

The correlation between the geological age andigwal landscape visual attributes
revealed different correlation strengths, both tiggaand positive (Figure 12). Low

correlation indicated that the attribute in quastieas not influenced by geological age,
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while the attributes with highest correlation (niégaand positive) could be expected to
be influenced by age.

Straight lines
Vegetation diversity
Basic shape
Vegetation cover
Sea cover
Angular lines
Rolling lines
Glacier
Snow cover
Visual depth
Pattern size
Colour range
Water cover
Elevation
Overall diversity
Sinous lines
Texture diversity
Water current
Diversity in forms
Pattern diversity
Texture roughness

Water diversity

0 0,1 0,2 0,3 0,4 0,5 0,6
Correlation (r)

Figure 12. The correlation between the visual physal landscape characteristics and geological age.
The red bars indicate negative correlation and thgreen bars indicate positive correlation.

6. Discussion

The Canonical Correlation revealed a high corretatietween the landscape matrix and
both geological age and bedrock types. This indi&#tat visual physical characteristics
of the landscape in Iceland are related to geodhogy and bedrock type. This also
indicates that the landscape groups representeneitrandom composition of geological
age, nor of bedrock type. The relationship is evidehen the landscape groups are
superimposed on the bedrock and tectonic mapsr@igand 8).
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6.1. Group 1: Coasts and islands

The sites within group 1 were identified as lownlyicoastal areas. In addition, one
island is found within this group. The sites wehamcterized by extensive sea cover,
flat basic shape and high landscape depth (i.stard horizon). Group 1 consists of
both old Miocene bedrock and young Holocene lazagufe 9 and 10). This may be
explained by the fact that Miocene bedrocks now fiie away from the active volcanic
zone in the centre of Iceland, i.e. the extreme vesst and central north (Figure 1). In
some regions, Holocene lava flows reach down te#a and two of the sites within
group 1 are situated close to such lava flows,ionlee south-west near Herdisarvik, and
the other one at Eyrarbakki in the south (FiguréNith one exception, sites lie below
200 meters. The exception is a site on a mountapeear the glacier Snaefellsjokull

in the west (Figure 11).

6.2. Group 2. Fjords

Old Miocene bedrock is better represented withougr2 than within group 1, but both
groups are characterized by a large sea coverr@-B)u The major difference between
the groups lies in the basic landscape shape. Wiholgp 1 contains mostly level
landscapes, sites within group 2 are mostly congasbape. Young Pleistocene
bedrock and Holocene lavas are absent from thispgmmaking it the group with the
oldest combination of bedrock types, along witesin group 3.

The sites within group 2 are situated, as areithe within group 1, at low
altitude near the sea, all of them below 200 myfédL1).

6.3. Group 3: Valleys

Group 3 contains a combination of all geochronaabjiypes, as well as some glacial
cover, although the older Miocene types are monencon than the late Pliocene and
Pleistocene types. These valleys were formed bgaheng actions of Pleistocene
glaciers in Miocene bedrock, forming the familiaisbiaped glacial valleys (Einarson
1994). The bedrock types within group 3 are mdstyn the Upper and Middle
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Miocene, along with the Upper Miocene and Loweo&¥ne bedrock type, making this
the oldest group along with group 2 (Figure 9).

Many valleys stretch from the lowlands up to thedeos of the highlands, explaining

the occurrence of lower Pliocene bedrock withis tiioup. This may also be seen in the
elevation of the sites, which lie at both low amghhaltitudes (Figure 11).

6.4. Group 4: Shallow valleys

The sites within group 4 may be described as shalklleys. They range from an
altitude of below 200 m up to 900 m (Figure 11) andtain an even mix of different
age and bedrock classes (Figure 9 and 10). Asgaathps that follow, the sites within
group 4 differ from the first three in that latedeene, young Pleistocene bedrock, and
the Holocene lava flows are more prominent tharMiueene. Here, the important
connection between the landscape and the geoldbgtishe landscape sites within
group 4 are mostly situated at boundary betweenoiwoore geochronological types,
which is reflected in the even division betweenplbecentage of Miocene and Pliocene
bedrock (Figure 9).

6.5. Group 5 & 6: Heathlands and plains

The landscape within groups 5 and 6 is visuallyilamand this is also reflected in its
geological age distribution. Hence, these groupisbeidiscussed together.

These sites are characterized by flat shape amd gseial depth, and most often
represent heathlands or vegetated plains, whichamenon in Iceland. These
heathlands and plains are found in the lowlands tite marginal zone between
inhabited areas and the central highlands. YouRtgstocene and Holocene bedrock is
therefore more prominent here than in the precegiingps. Miocene rock may still be
found at these sites but, although in less qua(fiure 9). The heathlands lie mostly at
medium altitudes, while the plains, such as thgddlatlands in the south, are more

prominent at lower altitudes (Figure 11).
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6.6. Group 7 & 8

The landscape within groups 7 and 8 is quite simiBath groups represent highland
sites, characterized by lack of vegetation, largtepn size, large visual depth, and flat
to convex shape. The only difference is that sitélsin group 8 are situated near large
rivers, yielding significant water cover, while thiges within group 7 represent dry
deserts. Younger Pleistocene and Holocene lavasfioe the most prominent elements
in the geology, and Miocene rock is not found witgroup 7, making it the youngest
group (Figure 9). Geologically, the sites withirogp 8 are similar to group 7, although
sites in the former group, rest not only upon yarrigjeistocene bedrock, but also on
Miocene bedrock. The percentage of Miocene rockimeace may be explained by the
fact that of the 7 sites found within group 8, tare situated at or near older Miocene
and Pliocene rock (Figure 7). These two sites, ewere very similar to the central
highland areas within group 7, when consideringdhelscape. Both are low in

vegetation, with great visual depth, and largeepatsize.

6.7. Correlation with geological age

The correlation between the visual landscape andhgenology may either be negative
or positive. This determines whether the landsedpiute in question has high scores
at the old Miocene bedrock area, and low scoréseayoung Pleistocene area, yielding
a positive correlation or vice versa, i.e. low s&snat the Miocene area, and high scores
at the Pleistocene area, yielding a negative airogl. Visual attributes that have very
low correlation have randomly distributed high dow scores with respect to geological
age.

The visual attributes of the landscape with théégy positive correlation are
straight lines, high vegetation diversity and vagjeh cover, sea cover, and angular
lines. The visual attributes that show the higinegfative correlation are basic shape,
rolling lines, and glaciers (Figure 12). These gisattributes are defining characteristics
for different landscape groups.

The characteristics of group 1, sea cover and#aic shape, correlate

differently with geological age. Both show high @ations with geological age, but sea
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cover is positively correlated while basic shapavahnegative correlation. This is
explained by the fact that sites with large seacowe. sites within group 1 and 2, are
mostly situated where Miocene bedrock is dominsm@ high number for geological
age increases the probability of high sea coveis Gbrrelation between the old
geochronology and sea cover is fairly obvious,thate are more interesting
correlations. The basic shape yields scores in awedy that 1 and 2 represent a
concave shape, 3 a flat shape and 4 and 5 a cahe@e. The sites that have concave
shape, i.e. the fjords (group 2) and the valleysyg 3), have the lowest number for
basic shape, but are also the groups with the toédesposition of bedrock types, so this
negative correlation is easily understood.

The positive correlation between geological ageaeygktation cover and
diversity may be explained by the fact that thé lalcvegetation and diversity is
characteristic for groups 7 and 8, the groupsdhasituated on the youngest bedrock.
Also, the oldest groups, the fjords and the vall&gve high vegetation cover. The
scores for the vegetation are therefore correlattfdthe scores in geological age.

Straight lines and angular lines are prominenhendld mountains found in the
fjords and the valleys in the east, west and exdraarth, while the rolling lines are
more prominent in the highland groups. The positoeelation for straight lines and
angular lines, and negative correlation for rollimgs, is therefore to be expected.

The last attribute that shows high correlatiorhis glaciers, which are found
mainly in the central highlands where the youngsdeene groups (7 and 8) are
situated. The negative correlation may explain fRigure 12), as the composition of the
groups show that glaciers have the highest scargsoup 4. The only explanation is the
fact that the great visual depth of these siteglt®s a high presence of glaciers, even

though they are further away than the 5 km radieglefined as our buffer zones.

6.8. Comparison with other classifications

Some differences are evident when our results@rgared to other landscape
classification methods that have included geolegy, the British Landscape Character
Assessment (LCA) method (Swanwick, 2002) and theMdgian method (Puschmann,
2005). The treatment of geology in these two methsdjuite different. In the British
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method the information on geology is collected frdata obtained by the British
Geological Survey, especially on drift deposits aalid geology. The Norwegian
method is based on 6 landscape components whicduamned up to build up the
overall landscape character. Two of these compsrag¥cribe the so called major
landform and minor terrain form in the landscap@edskapets hovedforrand
landskapets smaformjern practice, this is the form of the landscagsulting from the
underlying geology. They describe the visual charaaf the landscape, e.g. the basic
shape (whether it is a U-shaped or a V-shapedyadte.)

Our methods yielded quite different results. Thegndnstrate a connection and a
relationship between the visual landscape propestiel the geology of Iceland. This
was easily demonstrated by both complex (Figur@nd)simple (Figure 10) correlation
calculations. The numerous places in Iceland wttexrénaked’ bedrock is actually
visible, is therefore clearly a big influence oe tandscape. The clear weight of the
geology on the visual character, such as patteesslines, vegetation, basic shape etc.,
is therefore established by our method. The lamqmsgathe United Kingdom is
dominated by the man made cultural landscape, rtha a natural landscape so the
landscape is not clearly connected with the geol®bgre are certainly are some areas
in the UK, especially in Scotland, where the geglsgthe main factor of the landscape,
but when compared to Iceland human factors seenindom

The Norwegian landscape, however, is more natheal the British landscape,
so the connection between the landscape and geshmgyd be stronger. The
Norwegian method estimates the influence of eachesix landscape components on
the overall landscape character of the landscapen® The Norwegian method
resulted in 45 major landscape regions and 444 egibns. Of these 45 regions, the
major and minor landscape forms are usually caieghias important, or even
dominating in the overall character. This estimatid the weight of geology is, sensu
strictg, qualitative and based on the subjective percemtidhe individual researcher,

but not on statistical analysis.
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7. Conclusion

The strong canonical correlation between the lamoisgroups and the underlying
geological factors give reason to believe thatgelogical maps of the Icelandic
Institute of Natural History can provide a startimgjnt for the development of a new
map, revealing the types of Icelandic landscape.ddrrelation indicates that the visual
physical characteristics are related to geologynthis we can see that the landscape
classification and the resulting landscape groapsprovide the foundation for possible
further study, especially of the landscape grouyuktheir connection to other factors,
such as vegetation, land use, etc.

The cultural aspect of the landscape, e.g. thes/mthe Icelandic people towards
different kinds of landscape, as well as the véhasy place on them is also important
and needs to be studied. The landscape groupscadgthe first step in these
landscape studies. This will be important in tharrfature, as the demand for land is
increasing, making policy planning for landscapesavation and land use more

important.
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