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Abstract 
This thesis aimed to investigate the affect of human activities on Arctic vegetation by inspecting 

a tractor-made track at Kapp Linné, Svalbard. It thereby aims to contribute to the knowledge of 

Svalbard vegetation and potential surface changes when driving on permafrost soils. In July 

and September 2019, a field-based vegetation inventory as well as an unmanned aerial vehicle 

analysis was conducted, in order to collect data of genus community composition and 

vegetation cover distribution. The results show that there are differences between the tractor 

disturbed track compared to natural undisturbed conditions. The genera richness and vegetation 

cover are less abundant along the track and is mostly covered by clay and grass instead of the 

natural lichen- and moss cover. An unmanned aerial vehicle-based vegetation map had a good 

correlation with the genus frequency as determined by the field-based inventory. The site 

consisted of very patchy vegetation which made it sensitive to mismatches in geographic co-

location of the sampling plots and unmanned aerial vehicle-based data in any direction. It is 

further concluded that even occasional driving on permafrost flora harms the surface and 

increased off-road driving leads to decreased biodiversity.  

 

Sammanfattning 
Syftet med denna studie var att undersöka påverkan på arktisk vegetation från mänsklig 

aktivitet. Detta undersöktes genom att titta på ett permafrostområde på Svalbard, med tydliga 

traktorspår. Studien baserades på en in-situ vegetationsinventering samt en unmanned aerial 

vehicle analys som samlat in data av artkomposition och vegetationstäckning. Fältstudien 

skedde i juli samt september 2019. Resultaten visar att det finns skillnader i bådadera längst 

med spåren i jämförelse med orörda marker bredvid spåret. Det sågs också att även ett mindre 

frekvent körande utanför spåren lämnar distinkta märken efter sig och har en lång 

återhämtningsprocess. Spåren har en större täckning av lera och gräs medan ostörda områden 

består av större delen mossa och lav. En vegetationskarta från unmanned aerial vehicle analysen 

var acceptabelt korrelerad till fältinventeringen. Studien drar slutsatsen att ett ökat körande 

utanför markerade vägar ger en minskning av biodiversitet samt en förändrad och/eller 

avtagande vegetationstäckning. Detta sker med största sannolikhet även för en mindre frekvent 

utsatthet.  
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1.  Introduction 
The human print on nature and wilderness environments is a well-known subject. As an 

example, the nature in northern Sweden has largely been affected by human activities for 

centuries (Mossberg & Stenberg, 2017). At first due to reindeer grazing and roads for livestock 

but more recently also with ski-tourism and downhill skiing which impoverishes the flora. 

Furthermore, it has been seen that larger tracks from snow-scooters leaves marks in the 

landscape even after snow-season (Mossberg & Stenberg, 2017). Nowadays, it has become 

popular among tourists to travel to more exotic and undisturbed environments to experience a 

beautiful nature and untouched landscapes (Bickford, Smith, Bickford, Bice & Ranglack, 

2017). Such new tourism destinations include Svalbard. With an increasing tourism comes a 

raised demand for expanding the infrastructure with hotels, roads and supermarkets (Bickford 

et al., 2017). To handle the problems that comes with expanding communities in the Arctic, 

the profits made from the tourism should be invested in restoring and sustaining the 

environment (Mayhew, 2015a), so that the damage will not go beyond repair (Bickford et al., 

2017). This is called eco-tourism (Mayhew, 2015a). In the Norwegian Sysselmannens 

regulations, within the framework of Norwegian Svalbard policy relating to tourism, it says as 

follows: “The purpose of these Regulations is to regulate tourism … in order to … ensure that 

field operations and travel programmes do not impair the virtually untouched environment of 

Svalbard with regard to continuous areas of wilderness, landscape, flora, fauna and cultural 

heritage” (Regeringsbeslut, 2001/79). This has been established after they saw the 

consequences of tourism on the land. 

In earlier studies it has been shown that direct effects of human activities are destroying both 

vegetation and habitats (Kobryn, Beckley, Cramer & Newsome, 2017). So, by investigating 

the effects done by a local tractor on the flora in one location, this report aimed to contribute 

to the knowledge on what the potential damage on vegetation would be with an increased 

tourism. Thus, bring forward to what extent it can alter the vegetation cover around the tracks 

made by the tractor (Huntington et al., 2007). Regional activities would therefore be a 

contributing driving-factor on landscape changes in the Arctic, in addition to climate change 

(Huntington et al., 2007; IPCC, 2014). 

This is thought to be of importance because earlier research of climate change in Arctic regions 

have mainly focused on anthropogenic emissions brought to the area by winds and weather 

phenomena (Huntington et al., 2007) or by permafrost thawing (Pedersen & Post, 2010), while 

ignoring factors of human activities on-site within the Arctic (Huntington et al., 2007).  

Permafrost- and temperature processes has further shaped the landscapes in Arctic regions. 

Permafrost is a physical state, rather than a form, (Dubinski, 2011) defined as rock and soil 

that has been frozen for at least two consecutive years (Mayhew, 2015b). It can be found in 

areas where the summer temperatures are so low that the frozen ground will stay frozen even 

over summer (Dubinski, 2011), except for the very top layer which may thaw. This top layer 

is referred to as an active layer and its thickness varies between a few centimeters up to several 

meters (Mayhew, 2015c). The active layer is crucial for the Arctic flora. 
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The harsh and cold Arctic climate, with long winters and short summers, affects any animal 

or plant living and growing there. Few plant species have adapted to these difficult conditions, 

but this fact leads to that a smaller population of herbivores, such as reindeer, have a chance 

to endure here. Hence, it is crucial that the plant species can flourish and grow quickly during 

the short summer period (Cooper, 2011). However, because of the very thin active layer, it 

causes the plants’ root-systems to be very short (Mossberg & Stenberg, 2017). External forces 

or disturbances, such as driving on the Arctic vegetation, thereby easily causes denudation of 

the ground and increases the rate of erosion (Kevan, Forbs, Kevan & Behan-Pelletier, 1995). 

A significant reduction of the High-Arctic vegetation, even after a little disturbance such as 

passage by foot, has previously been observed (Kevan et al., 1995). In other places around the 

world it has also been seen that vehicle tracks are a huge environmental issue, due to their 

impact on vegetation distribution, and causes desertification of lands as the driving increases 

(Li, Tsujimura, Sugimoto, Davaa & Sugita, 2006). This is said to be because the tires compress 

the soil which causes water accumulation as the water can no longer infiltrate through the 

ground during rainfall and/or snow melting (Li et al., 2006). Abandoned tracks have been seen 

to regrow mainly with weeds (Li et al., 2006). It normally begins with pioneer species invasion, 

followed by short-lived perennial colonization and finally by long-lived perennials (Kinugasa 

& Oda, 2014).  

Many of the species adapted to the Arctic environment are found on Svalbard and include 190 

vascular plants (Mossberg & Stenberg, 2017), 373 bryophyte and 923 lichen species (Karlsen, 

Elvebakk, Høgda & Grydeland, 2014). According to a study by Cooper (2011), the most 

common Arctic species are Salix ssp, Dryas ssp and Cassiope tetragona. Svalbard’s 

geographical position is very exposed since it is strongly influenced by the North Atlantic drift, 

this creates a growing interest in recording the impacts of climate change in such areas 

(Wojcik, Palmtag, Hugelius, Weiss & Kuhry, 2019). Its position means that the flora has to 

endure low temperatures, weathering, erosion and floods as well as periodic drought and frost 

(Mossberg & Stenberg, 2017). The richest flora is found on the western coast of the island, 

along Isfjorden (Mossberg & Stenberg, 2017). 

Recordings of the vegetation communities and identification of vegetation succession on 

Svalbard have occurred since 1923 (Wojcik et al., 2019). The methods have however improved 

significantly over the past decades. Earlier researchers mostly used point-frames and frame 

quadrants which provides quantified means of the changes in vegetation composition as well 

as percent cover. This is on the other hand, time consuming and presents spatial and temporal 

constraints on where this method can be practically applied (Fraser, Olthof, Lantz & Schmitt, 

2016). More modern ways of recording vegetation are using remote sensing techniques to 

produce vegetation maps at larger scales between 1:10 000 to 1:50 000 (Wojcik et al., 2019). 

Vegetation modelling and monitoring has been seen to significantly benefit from large-scale 

maps since it provides sufficient detail and accuracy. This creates an interest in using new tools 

for very high-resolution mapping, such as unmanned aerial vehicle (UAV; Wojcik et al., 

2019).  

The UAV is a modern platform used to carry sensors for the collection of fine-scale data 

(Fraser et al., 2016). The sensors can be cameras recording reflectance in different wavelengths 

(visible and infra-red), or other specialized sensors (e.g., thermal-infrared or LiDAR). UAVs 

are beneficial due to their cost- and time-effectiveness and temporal flexibility (Koucká, 
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Kopačková, Fárová & Gojda, 2018). The temporal resolution is limited only by the battery 

capacity which controls the number of flights possible. When over-lapping, images are taken 

from UAVs, photogrammetry can be used to create 3D models of the surface, for example, 

landscape changes or vegetation biomass (Feng, Liu & Gong, 2015). By using a software such 

as Pix4D or Drone Harmony, one can merge all images into a single mosaic through 

orthorectification (Feng et al., 2015), as well as create a Digital Surface Model (DSM). From 

these data products, variation in the landscape, such as for height, water levels or vegetation 

type and cover can also be retrieved (Fraser et al., 2016). Flight planning is required in order 

to acquire overlapping images, or to determine the desired pixel size in the images; the method 

can be programmed and planned off-site before-hand and controlled from a distance as the 

UAV collects the information of interest. The images are then, post-processed off-site, 

shortening the time spent at the site by the researcher. Data acquired from UAVs are also very 

useful when calculating for Normalized Difference Vegetation Index (NDVI), as has been 

done in analysis of medium- and coarse-resolution optical satellite imagery (Fraser et al. 2016). 

So far, remote sensing using satellites and other platforms has revealed greening of Arctic 

regions over the last decades due to increased vegetation biomass (Fraser et al. 2016). In the 

ecological research community, it has become an increasingly important tool to use UAVs for 

collecting high resolution data of ecosystems and vegetation in the Arctic (Assmann, Kerby, 

Cunliffe & Myers-Smith, 2019; Fraser et al. 2016). Yet, so far there are not many articles 

published on this matter (Fraser et al. 2016). 

 

1.1 Aim 

This Master’s Thesis aims to contribute to the knowledge of how vegetation on Svalbard is 

changing due to human activities and could potentially change with it. It will investigate the 

disturbance effects from tractor tracks on a beach wall crossing an ice wedge at Kapp Linné, 

Svalbard. Further, this thesis aims to gain a better understanding of the vegetation distribution 

and biodiversity in the disturbed area through field-based and UAV-based vegetation inventory.  

 

1.2 Research questions 

 How has the plant genus abundance and vegetation cover changed in the disturbed area 

compared to its undisturbed surroundings? 

 

 How has only occasional driving in the past affected the plant genus abundance and 

vegetation cover compared to more frequent and long-term driving? 

 

 Can UAV data analysis be used to assess genus richness and vegetation cover instead 

of, and as efficiently as, in-situ field-inventories? 
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1.3 Hypothesis 

i) Changes in biodiversity and vegetation cover 

There will be a significant change in genus richness on the frequently used track compared to 

undisturbed conditions off-track. This thesis therefore aims to reject the null-hypothesis and 

thereby prove that the tractor vehicle has disturbed the genus richness within the study site.  

 𝐻0 = There are no differences in genus richness along the frequently used track and the 

undisturbed surroundings.  

 𝐻1 = There are differences in genus richness along the frequently used track and the 

undisturbed surroundings. 

There will be a significant change in vegetation cover on the frequently used track compared to 

undisturbed conditions off-track. This thesis therefore aims to reject the null-hypothesis and 

thereby prove that the tractor vehicle has disturbed the vegetation cover within the study site.  

 𝐻0 = There are no differences in vegetation cover along the frequently used track and 

the undisturbed surroundings.  

 𝐻1 = There are differences in vegetation cover along the frequently used track and the 

undisturbed surroundings. 

ii) Effects of occasional driving in the past 

A significant change in genus richness can still be seen today after occasional driving in the 

past when comparing the remaining track with undisturbed areas. 

 𝐻0 = There are no differences in genus richness along the old track and the undisturbed 

surroundings.  

 𝐻1 = There are differences in genus richness along the old track and the undisturbed 

surroundings. 

A significant change in vegetation cover can still be seen today after occasional driving in the 

past when comparing the remaining track with undisturbed areas. 

 𝐻0 = There are no differences in vegetation cover along the old track and the undisturbed 

surroundings.  

 𝐻1 = There are differences in vegetation cover along the old track and the undisturbed 

surroundings. 

iii) Using UAV instead of field-based vegetation inventories 

The field-based vegetation inventory on genus richness will correlate well with UAV-based 

vegetation data on vegetation greenness and show significant advantages of using UAV analysis 

instead of in-situ compiled vegetation data. 

 𝐻0 = The UAV-based greenness data indices are weakly correlated with the field-based 

genus richness data. 
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 𝐻1 = The UAV-based greenness data indices are strongly correlated with the field-based 

genus richness data. 

The vegetation cover from both field-based inventory data and the UAV-based vegetation data 

will correlate well and show significant advantages of using UAV analysis instead of in-situ 

compiled vegetation data. 

 𝐻0 = There are significant differences in UAV-based vegetation cover data compared 

to the field-based vegetation inventory. 

 𝐻1 = There are no significant differences in UAV-based vegetation cover data compared 

to the field-based vegetation inventory. 

 

 

  



 

6 
 

2. Method 

2.1 Site description 

Figure 2.1. World map of Svalbard (orange box). Study site marked out with an orange dot in the SW part of the 
Svalbard Archipelago. Made in Arcmap based on raster data from the ESRI World Topo Map on the 15th of April 
2020. 

Svalbard archipelago (see Figure 2.1) includes a total area of 62 000 km2 and is found between 

76˚30´ - 80˚50´N latitude and 10˚30´ - 34˚45´E longitude (Karlsen et al., 2014), in the High 

Arctic Tundra Zone (Wojcik et al., 2019). The weather is controlled by a low-pressure system 

from Iceland and a high-pressure system from Greenland, the North Pole and Russia. It is also 

affected by the polar front (Wojcik, et al., 2019). The western part of the largest island, 

Spitsbergen, is influenced by a mild current from the south and is the part of Svalbard with the 

highest summer temperatures (Karlsen et al., 2014). In winter, the high-pressure from the 

North is extending down to Svalbard which creates cold and long winters under stable 

conditions. In summer, the system is much weaker which instead creates an unstable condition 

with a lot of precipitation and strong winds (Wojcik, et al., 2019). Despite the mild summers, 

the temperatures are low and the growing season for plants becomes very short (Cooper, 2011).  

Large snowfalls and rain can fall during the winter season because of the North Atlantic 

cyclone which brings moist air from the west and causes temperature variations around 0˚C 

(Wojcik, et al., 2019). 
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Figure 2.2. Map of study site within Kapp Linné (orange star) on Svalbard. Created in Arcmap from the ESRI Ocean 
base map and four images (left) taken on the 8th of July 2019, by the UAV, of the surroundings on the study site. 
a) East direction of the study site, showing a part of an Isfjord delta stream “Tunsjøbekken” and with “Vardeborg” 
mountains in the background. b) West view from study site with Isfjord Radio Station in the background and the 
Isfjord to the right in the image. c) View of Isfjord in the north direction of the study site. d) Southern view of 
Griegfjellet.  

This study focuses on an area near-by the Isfjord Radio Station (78˚03´N, 13˚39´E) at Kapp 

Linné on Spitsbergen’s western coast along Isfjorden (see Figure 2.2). The radio station was 

built in 1933 (Lode & Veastad, 1994; Mossberg & Stenberg, 2017), and provided 

telecommunications to Norway. In 2004 a large fibreglass cable was laid between Norway and 

Longyearbyen which now stands for the large volumes of data from satellite receivers and 

Isfjord Radio was rebuilt to an adventure hotel for the tourist seasons (Mossberg & Stenberg, 

2017).  

In this area the ground cover shifts between being green and dense or, in some places, 

completely barren. The greener vegetation consists mainly of thick moss beds which grow in 

the many small wetland depressions (Stange, 2017), as well as along ice wedges. The study 

site for this thesis lays approximately 1300 meters west of the former radio station, on a latitude 

of 78° 03’ 42’’ N and 13° 39’ 17’’ E longitude (see Figure 2.2, orange star marker). It is right 

next to a raised beach in the west and a few 100 meters south-east are the mountains, 

Griegfjellet (Stange, 2017). Thus, the site is very vulnerable and unprotected to winds and 

precipitation.  

a) 

b) 

c) 

d) 
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A detailed view of the study site is shown in Figure 2.3, which was compiled by UAV images 

taken at a flying height of 40 meters above ground level on the 8th of July 2019. The site covers 

an area of 20 by 20 meters and is positioned around the intersection of an ice wedge and a 

tractor-made track. A smaller fjord stream, named Tunsjøbekken, is visible at the top (North) 

of Figure 2.3, with a sandy beach running along its north-western side of the site, adjacent to 

Isfjorden.  

According to Professor Jonas Åkerman at Lund’s University (personal communication, 20 

May 2019), the tractor, now owned by the Isfjord Radio Hotel, has been driving back and forth 

from the radio station to another smaller hut about 1700 meters away, since the 1990. The 

regulations state that one must drive on the same path every time, to keep the disturbance from 

the tires to a minimum. It was in September told, by the Hotel Staff (Isfjord Radio Station 

Hotel, 2019), that the tractor has recently stopped its annual journey between the station and 

the hut. This was explained to be because of raised awareness of its effect on vegetation by 

“Sysselmannen” and thereby increased permission-costs to drive the tractor outside of the 

station’s premises. 

 
Figure 2.3. Map based on UAV images acquired 8th of July 2019, showing surroundings of the study site on a 40-
meter flying height above ground level. It includes a larger and frequently used tractor track that stretches across 
the map from South-West to North-East. The study site (orange box) is 20 × 20 meters around the intersection 
of the larger track and an ice wedge, which runs perpendicular to the track in a north-west to south east direction 
of either side of the track. A second pair of tracks are visible a few meters north of the frequently used track in 
the middle.  
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A close-up image of the study site, slightly tilted to the right, at the two field-trips in July (left) and 

September (right), are shown in Figure 2.4. The two images are based on two orthomosaic images 

created from UAV data on the 8th of July and 11th of September 2019. They show the frequently used 

track stretching horizontally in the middle, as well as an older track at the top of each photo. The ice 

wedge is clearly visible as a vertical line in the middle of the two photos. Vegetation show tendencies 

to be greener along the ice wedge in both photos, especially in July, but otherwise being of a uniform 

brown colour. 

 

Figure 2.4. Close-up photo from the orthomosaic images conducted of UAV data from July 8 (left) and September 
11 (right), 2019. Shows the frequently used track stretching horizontally in the middle of each ortho. An older 
track is visible at the top of the photos. The ice wedge is crossing both tracks as a vertical line in the middle of 
each image. 

 

2.2 Data 

There were three practical measurements preformed, as well as a statistical analysis, based on in-situ 

field data, which consists of a vegetation inventory and a 3D model made from a UAV analysis as well 

as compiled GPS data. The plant inventory and some of the UAV data, was conducted between the 4th 

to 9th of July 2019. Another set of UAV data and the GPS data were collected between the 10th to 12th 

of September the same year. The use of UAV data for this thesis was based on experience and results 

from previous studies that proved high resolution images to be very useful when detecting objects at 

the smallest scale or detecting changes in landscapes (Tømmervik et al., 2012). Since this report aimed 

to look at vegetation extent, cover and type, the use of UAV images seemed fitting. 

A number of different tests were performed on the data of these frames, which aimed to prove 

the vegetation distribution, on the frequently used track, different from undisturbed areas 

outside of this track, as well as to see to what extent an older track has been affected compared 

to both the frequently used track and off-track conditions.  
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2.2.1 Vegetation inventory 

For the vegetation inventory the thesis used metal frames as sampling plots, to inspect what plants 

grew within the study site. Five sampling sites (à 20 meters of length each) were measured, using a 

measuring tape adjacent (NW-SE) to the frequently used track as well as a sixth sampling site along 

this track. The sampling sites were then compiled into four final sampling sites (1-4) which are referred 

to throughout this report (see Figure 2.5 and Table 2.1). Each metal frame was randomly laid out, 

without any specific or set distance between each other, horizontally along the measured 20-meter 

sampling sites without any distinct order. The frames distances from the ice wedge, passing through 

all sampling sites, were recorded (see Table A.3) and used in the post-processing to retrieve the 

coordinate of each sampling plot.  

The total number of the sampling plots used at each sampling site is summarized in Table 2.1, together 

with the sampling sites’ direction from the frequently used track. Each metal frame was 0.5 × 0.5 

meter and included 25 smaller quadrants (0.01 × 0.01 meters), which were used to count the frequency 

of abundant plants within the study site. Two-hundred and seventeen square frames were used, 

meaning that 5 300 quadrants were inventoried with vegetation data. 

 
Figure 2.5.  A close-up of the study site’s (20 × 20 m) frame plot distribution. Shown are the frame’s sampling 
plots (0.01 × 0.01m) for the inventory data of vegetation at each sampling site (1-4). The map is acquired of UAV 
data from July 8, 2019. 
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Sampling site 1 runs along the frequently used track and consists of 46 sampling plots with vegetation 

data. Thus, it describes the disturbed surface conditions which can be compared with undisturbed 

conditions at sampling site 3. Sampling site 2 lays one meter adjacent to sampling site 1 and consists 

of 67 sampling plots. The two measuring lines included in sampling site 3 (see Figure 2.4, purple 

squares) were laid out on a 10-meter distance on either side of sampling site 1. The 58 sampling plots 

included in sampling site 3 are by that seen as a control site for this study (see Table 2.1), as it describes 

the natural status of the vegetation cover and plant distribution within the study site. Sampling site 

number four (4) consists of 46 sampling plots. It describes a second tractor-made track, however not 

as frequently used as the main track in focus of this study, thus is believed to be an older track only 

used occasionally in the past when the main track was inaccessible due to too much water or mud.  

Table 2.1. Number of frames used at each sampling site for the field-based inventory of vegetation with a 
reference number to each sampling site.  

Sampling 
Site-number 

Description of 
site 

Umbrella 
term 

Side of track 
Direction of ice 

wedge 
Sampling plots 

Total 
Frames 

1 
Frequently 
used track 

Disturbed 
area on-track 

- South-West 22 
46 

- North-East 24 

2 

1 meter 
on either 

side of 
track 

Slight 
disturbance 

South 
South-West 16 

67 
North-East 18 

North 
South-West 17 
North-East 16 

3 

Control – 
10 meters 

adjacent from 
track 

Undisturbed 
area off-track 

South 
South-West 15 

58 North-East 13 

North 
South-West 14 
North-East 16 

4 
Adjacent, 

second track 
Old track North 

South-West 24 
46 

North-East 22 

Total 
Sampling sites 

  217 

The frequency of present plants was counted within the smaller quadrants inside the squared metal 

frame. The plants found in each quadrant were documented in an Excel spread sheet as A1, A2, ... D3, 

D4 etc (see Figure 2.6) depending on which quadrant it was found in. In addition, the percentages of a 

bottom-layer cover of cryptogams were recorded similarly to the plants. 

 
Figure 2.6. Left: Schematic of the metal frame used for the inventorying process. Columns are labelled 
alphabetically (A-E) and rows are labelled with numbers (1-5).  Right: Photo of the vegetation inventory process 
at the study site. Shows me while recording plant genus frequencies within each frame’s smaller quadrants. 
Taken on 6th of July 2019 at 12:03. 
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The abundance of vascular plants, for the field-based data, in each sampling plot were based on how 

many of the 25 smaller quadrants that included a plant of a specific genus. The number of quadrants 

holding each genus were summed together for all sampling plots and divided by the total number of 

plots at the sampling site (see Table A.1 under Appendix). 

To keep the thesis smaller, the inventoried plants of the same “genus name”, such as e.g. Saxifraga, 

were grouped together. This method was found to be appropriate for this thesis since it only aims to 

prove if there is any difference in plant abundance on the frequently used track compared to normal 

conditions. Therefore, the overall focus lays on the plant richness within the disturbed areas and outside 

respectively, which thereby only need data of species genus as a group rather than the specific species 

name found at each sampling site.  

Vegetation cover percentages were estimated for each quadrant from which an average was calculated 

for each frame and then for the whole sampling site. The percentage estimation capability differs 

slightly throughout the quadrant inventory, depending on the density of the covering vegetation. Only 

the ground cover percentage of grass, moss and lichen were estimated since it was difficult to 

simultaneously estimate the cover of bare ground. Instead, bare ground was estimated 

afterwards from the remaining area of the total frame area (100 %) when subtracting the bottom- 

and field-layer percentage cover. Moss and lichen was included in the bottom-layer while the 

field-layer consisted of grass and a two additional plant functional types (PFTs): herbs and 

dwarf shrubs.Yet, the other genus than grass, such as herbs (with exception from Silene), were 

too small to be distinguished in the unmanned aerial vehicle images and were therefore not 

included in either the field- or UAV-based vegetation cover analysis.  

 

2.2.2 Unmanned Aerial Vehicle 

A DJI Mavic 2 Pro Unmanned Aerial Vehicle (UAV) was used to conduct photo surveys for this study 

on two occasions, namely in July and September.  

The flight on July 8th, 2019, was conducted from 09:23 to 10:20 and consists of 690 images. These 

created an overview orthomosaic that was used in an object-based image analysis (OBIA) and 

calculating green chromatic coordinate indices. The images were taken with short time intervals to 

retrieve an overlap of 85 percent and with a camera angle of 5 degrees forward to minimize the potential 

for doming artefacts. The flying height was set to 10m above ground level and had a speed of 0.05 m/s. 

The UAV was controlled from the DJI Mavic controller that was attached to an Android mobile phone. 

To plan the flying route for the UAV, the mobile phone used DJI Go which created a double polygon 

mission over the study site (20 × 20 m).   

In addition, another set of UAV images were conducted in July with the same flight settings as 

described above. The only different parameter was the flying height that was set to 47m to retrieve an 

overview of the whole study site with its surroundings. This flight consists of 151 images of 1.84 

cm/pix resolution. 

The images from September 11th, 2019, cover the study site at a higher spatial resolution than the July 

images, and are used in analyses of digital surface model as well as slope- and hillshade maps. The 

September flight was set to fly 0.05 m/s at a flying height of four metres above ground level, due to 

bad weather conditions with strong winds. Images were taken every other second to retrieve an overlap 
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of 80 - 85 percent. The flight was conducted from 15:34 to 17:24 and 485 images were used to create 

an orthomosaic. Again, the UAV was controlled with the same DJI Mavic controller, as in July, that 

was attached to the Android mobile phone also used earlier in July. Due to difficulties with the double 

polygon mission plan in DJI Go, the phone used the DJI Drone Harmony software, instead. It created 

autonomous 15-minute missions in a grid pattern within the study site, also with a camera angle of 5 

degrees. The images produced a ground resolution of 1.16 mm/pix. 

The DJI Mavic controller used 3850 mAh lipo batteries which provided a flight time of approximately 

15 minutes each (maximum 31 minutes). Images were taken by the UAV with a 20MP 1” CMOS 

Sensor, Hasselblad camera of the model L1D-20c which had a focal length of 10.26 mm. The higher 

the resolution the better the images can capture smaller patches of vegetation (Fraser et al. 2016). The 

images have a resolution of 5472 × 3648 and a pixel size of 2.41 × 2.41 𝜇𝑚. Photos were 

automatically saved on an SD-card, inserted to the Mavic, as JPEG format files. They were captured 

in shutter priority mode ranging between 1/ 86 to 1/240s interval, at 200-400 ISO and with focus fixed 

at infinity. 

 

2.2.3 Ground Control- and GPS-points 

Before taking the aerial images with the UAV, twelve ground control point (GCP) placemats were laid 

out in each corner of the study site as well as where there was a height difference. The placemats had 

black and white checked prints and were made of rubber. Two different sizes of the GCPs were used 

for this study; five bigger (0.5 × 0.5 m) and seven smaller (0.25 × 0.25 m). The bigger were placed in 

the corners and in the middle of the study site while the smaller were laid out where the ground-height 

altered (see Figure 2.7).  

 
Figure 2.7. Study site with twelve black and white checked ground control points (GCPs) where surface height 
altered. The horizontal blue line is an ice wedge and the red vertical dotted line is representing the track. There 
were five bigger (0.5 m × 0.5 m) and seven smaller (0.25 m  × 0.25 m) GCPs within the study site. Each GCP 
was given a number, one to twelve. 

To save time, GPS coordinates were only measured in-situ for the bigger GCP markers in the corners 

of the site and they were run for seven minutes each. For this, a GPS transmitter from Topcon was 

placed on a tripod of a certain height (~1.07 m) and set to run a static measurement. There are not many 

satellites near-by at these high latitudes which the transmitter can connect to, therefore, a static “base-

station” was created approx. 1 kilometer away from the study site. The base-station was running for a 

total of some 20 hours, to collect as much data as possible from the few satellites around which then 

was to be used as a reference for the GPS data measured on-site. A second GPS transmitter was used 

for the base-station, which was of the same model and brand as the one used on-site, since it had to be 
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running while the in-situ GPS points were measured. The height of the base-station was 1.3 meter from 

the ground. By doing so, the time-laps were comparable in the post-processing of the GPS data. 

The GPS-files collected from both transmitters had a TPS format and had to be converted to RINEX 

files. Afterwards the GPS-coordinates could be added to the Mavic images by using the software 

Agisoft Metashape Professional (64bit) v.1.6.0.9925. It is a photogrammetric software that uses 

structure from motion (SfM) capabilities by applying proprietary algorithms in an automated workflow 

(Fraser et al. 2016). 

 

2.2.4 Levelling and distances 

To create an orthomosaic map with the UAV images, the Agisoft software needs x-, y- and z-

coordinates (latitude, longitude and altitude) for each GCP. The x- and y-coordinates were conducted 

by using a measuring tape to record the distances between all GCP placemats within the study site (see 

Table A.3 in Appendix).  

The z-coordinate was measured with an optical levelling instrument. It involved that the optical 

instrument was placed on a tripod that stood in the middle of the site (at GCP number 5, see Figure 

2.5). By looking through the instrument, the horizontal plane/height between this point and the other 

GCPs could be measured. This was done by reading off a vertically raised ruler at each GCP which 

showed the visual level of relationship between the two points (see Table 2.2).  

Table 2.2. The visual level of relationship between the starting-point at GCP placemat number 5 and the other 
GCPs within the study site. Includes both measured levelling height (m) from the starting point and the calculated 
meter above sea level (m.a.s.l; m). 

GCP 
(n˚) 

1 2 3 4 5 6 7 8 9 10 11 12 

Height 
(m) 

0.99 0.68 1.03 0.84 1.31 0.96 0.87 1.53 1.11 0.11 0.66 0.13 

m.a.s.l 
(m) 

60.39 60.08 60.43 60.24 60.71 60.36 60.27 60.93 60.51 59.51 60.06 59.53 

By using the measured distances between all GCPs as well as GPS data from the four GCPs, it was 

possible to calculate the other eight GPS points (see Equation 1 a-g), where d = distance, n = the number 

of the GCP in focus, yn = latitude of calculated GCP, xn = longitude of calculated GCP. 

𝑎 = (𝑑1→𝑛)2 − (𝑑2→𝑛)2 +
(𝑑1→2)2

2
 ∙ 𝑑1→2 

𝑏 =  𝑑1→2 − 𝑎 

𝛾 = arcsin (
𝑎

𝑑2→𝑛
) + 𝑎𝑟𝑐𝑠𝑖𝑛 (

𝑏

𝑑2→𝑛
) 

𝛼 = 𝑎𝑟𝑐𝑠𝑖𝑛 (
𝑑2→𝑛

𝑑1→2 ∙ sin (𝛾)
) 

𝑧 = arctan (
𝑥2 − 𝑥1

𝑦2 − 𝑦1
) 

𝑦𝑛 = 𝑑1→𝑛 ∙ sin (𝛼 − 𝑧) ∙ 𝑦1 

𝑥𝑛 = 𝑥1 + √(𝑑1→𝑛)2 − (𝑦𝑛 − 𝑦1)2 

Equation 1 a) 

Equation 1 b) 

Equation 1 e) 

Equation 1 f) 

Equation 1 g) 

Equation 1 c) 

Equation 1 d) 
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Table 2.3. GPS coordinates calculated from equation 1 a-g). Includes measured GPS coordinates for GCP 1 to 4. 
GCP/GPS Latitude (N) Longitude (E) 

1 ** 78  ̊03  ́41.74762´´ 13  ̊39  ́18.45612´´ 

2 ** 78  ̊03  ́42.3537´´ 13  ̊39  ́17.24415´´ 

3 ** 78  ̊03  ́42.53837´´ 13  ̊39  ́20.21543´´ 

4 ** 78  ̊03  ́41.96186´´ 13  ̊39  ́21,33628´´ 

5 78  ̊03´42.1898’’ 13  ̊39´19.1563 

6 78  ̊03  ́41.9941´´ 13  ̊39  ́18.7103´´ 

7 78  ̊03  ́42.0953´´ 13  ̊39  ́19.6346´´ 

8 78  ̊03  ́* 13  ̊39  ́* 

9 78  ̊03  ́42.2617´´ 13  ̊39  ́20.7077´´ 

10 78  ̊03  ́42.2191´´ 13  ̊39  ́18.5293´´ 

11 78  ̊03  ́42.3510´´ 13  ̊39  ́19.1384´´ 

12 78  ̊03  ́* 13  ̊39  ́* 

          * - No GPS data available for GCP and was therefore not included in the study. 
          ** - In-situ measured GPS data. 
 

2.3 Post-processing 

2.3.1 UAV image processing 

The UAV images were given as input to Agisoft software, in order to create orthomosaic and 3D digital 

surface models (DSM). The processing followed a tutorial manual by Agisoft (Agisoft, 2019a, Agisoft, 

2019b). The primary steps are input, image matching (alignment), quality check of images, assignment 

of GCPs, creation of dense point cloud, creation of DSM, and creation of the orthomosaic. 

i) Alignment: The UAV images were given as input to Agisoft, as JPEG-formats, and 

through so-called “image-matching” were first aligned to create a preliminary model. It 

added a total of 697 images from 8th of July for one model and 999 images from the 11th 

of September for a second model. By aligning the chosen images, Agisoft builds a sparse 

point cloud model from finding orientation and position in the images (Agisoft tutorial, 

2019a). Incorrectly aligned or positioned images-, if any, were easily detected in the sparse 

point cloud and were removed. The alignment accuracy was set to medium and adaptive 

camera model fitting was enabled. The key point limit was set to 40 000 and tie point limit 

to 4 000.  

ii) Quality check: The quality for each image is based on the sharpness level of the most 

focused part of the photo. Images with lower parameter values generates poor results in 

the alignment process (Agisoft tutorial, 2019a). Therefore, images with a quality value less 

than 0.76 were removed from the worksheet in an attempt to improve the final 3D model 

quality as much as possible. After the removal of a number of images, another alignment 

was run to reorder the remaining photos, 690 and 485 for July and September, respectively. 

The images of July held a quality of 0.85 and higher and September 0.83 or higher.  

iii) GCP: In the next step, markers were placed out in the September images where a GCP 

was visible. July did not use GCPs and GPS data because of faulty equipment.  

- To be able to use the raw GPS data points (retrieved as .tps files), obtained at the study 

site, in Agisoft it had to be processed by the software Leica Geo Office v.8.4. The 
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process followed a draft of the tutorial pdf from the online Leica Geo Office help 

(Leica Geosystems, n.d.) which had been simplified by Bastien (June 2019) on request 

of the University of Lund to suit the Topcon GNSS mostly used by the University. The 

process required three types of data; measured GNSS data, a near-by GNSS base-

station and ephemeris data of the acquisition day. The acquired tps-files were firstly 

converted to RINEX files by using tps2rin.exe. Since a base-station was created on-

site the step about downloading GNSS base-station data from SWEPOS was skipped. 

The ephemeris data for September 12, 2019 was retrieved from the NASA GNSS 

product catalogues referred to by the tutorial pdf. The RINEX files (.19o, .19n and 

.19g) were imported into Leica followed by the base station data files (.19n, .19g and 

.19d). Lastly, the ephemeris file (.sp3) was imported to the Leica project. Then a GNSS 

treatment followed where the base-station and point coordinates were separated and 

processed. The resulting coordinates for each point were used as x and y in Agisoft. 

iv) Then the x, y and z coordinates were assigned to the GCPs seen in all the images, creating 

a more geographically accurate model compared to if only using the UAVs built-in GPS. 

v) Dense point cloud: After the markers had been placed out, Agisoft creates a Dense Point 

Cloud. The software calculates the depth information for each image by estimating the 

photo position which further is combined into a single dense point cloud (Agisoft tutorial, 

2019a). The quality was set to high. The depth filtering was mild because the scene 

included many small details and untextured surfaces that were important to include and 

not be sorted out.  

vi) DSM: From the dense point cloud it was possible to build a Digital Surface Model (DSM). 

The projected coordinate system used for this was WGS 1984 for the UTM Zone 33N. 

The source data was set to Dense cloud and the interpolation was enabled as a default.  

vii) Orthomosaic: Lastly, the orthomosaic could be built from the DSM. Mosaic was chosen 

as blending mode and the hole filling enabled.  

 

2.3.2 UAV Digital Surface Model 

The DSM from September was used to create two sets of Slope measurements, using the Spatial 

Analyst Tools in ArcMap. The slope map showed degrees (°) and used the planar method. The z unit 

was set to 1.  

In addition, a hillshade map was created in ArcMap, similar to the slope map. It used the Hillshade 

command in the Spatial Analyst Tools and had the DSM map as input raster. The, altitude and z factor 

parameters were set to the default at 315 (NW), 45 degrees, and 1, respectively. The model shadow 

box was checked. Since there is no tall vegetation or trees to affect the shadow area of the study site it 

did not feel important to calculate the specific degrees at the time and day, it would give the same 

indication of shade areas, independent of the suns angle.  
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2.4 Statistics 

The data conducted for this thesis consists of lists of genus frequencies in each sampling plot, 

plant functional types (PTFs) as of present genus growth forms and environment descriptions 

(disturbed/undisturbed). The observed field-based plant frequencies at each sampling site were 

compared using a Wilcoxon signed-rank test to find any difference in genus richness between 

the sampling sites. Many of the statistical calculations and R-analysis followed instructions 

from the statistical book on Numerical Ecology with R by Borcard, Gillet & Legendre (2018).  

 

2.4.1 Randomization of means 

To avoid a Type I error for the following analysis, the thesis tested the tendency of retrieving 

the observed average of genus frequency per sampling plot, which is the mean of genus 

abundance in each metal frame. Since the field-based vegetation data were assumed not to be 

normalized, randomized tests were conducted in Matlab and using 10 000 random permutations 

of the genus numbers per sampling plot. Thus, new frequency means per plot and sampling site 

were retrieved for each genus. The new means were then validated next to the observed field-

based means of the plant frequencies at each sampling plot.  

These tests were run for each genus found on each sampling site. The result show how likely it 

is, and how often, we will observe an as large or larger mean value of genus abundance as the 

observed average. It thereby aims to prove if the observed mean of the genus frequency at each 

sampling site, are significant (p ≤ 0.05) or not (p ≥ 0.05). The decimal results can also, if 

multiplied with 100, be read as a percentage of the likelihood that the observed mean occurs in 

the 10 000 randomly selected samples. 

 

2.4.2 Ordination 

A non-metric multidimensional scaling (NMDS) ordination test aimed to look at how the sampling 

sites’ genus community composition differed depending on the environmental condition at the sites. 

The test used the Wisconsin model and Bray-Curtis dissimilarity indices to retrieve an ordispider 

model of the vegetation community composition at each sampling site. The NMDS was performed in 

R, using the metaMDS-function from the vegan-package (Jari-Oksanen, et al., 2016). The two 

conducted axis of the plot is arbitrary but indicate a difference in community composition between the 

different environment conditions at the four sampling sites. 

 

2.4.3 Genera response analyses  

A Redundancy analysis (RDA) visualized the environmental response of the genus at each 

sampling site with expectation to find a difference between on-track- and off-track genus 

communities. Using the RDA-function from the vegan-package in R (Jari-Oksanen, et al., 

2016), graphs of scaling 1 and 2 were produced where the environmental factors (the sampling 

sites) are shown as vector arrows whose angle and magnitude indicate the statistical 
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significance. The ordination axis represents the magnitude of correlations (Gabarrón, Faz & 

Acosta, 2018).  

 

2.4.4 Fourth corner method 

Hoping to find a genus significant response to the surface changes at the disturbed sampling 

sites 1 and 4, Fourth Corner analyses were performed. The fourth corner method is combining 

three tables with different units into a fourth one (Lehsten, Harmand & Kleyer, 2009). This 

makes it possible to look at the relationship between a single trait (i.e. PFTs) and a factor such 

as habitat. It requires three tables; A, B and C (see Figure A.2). Table A (k × m) should contain 

data on k genus presence and absence at m locations. The same genus k and their n biological 

or behavioural traits are described by Table B (k × n). Lastly, p environmental variables at the 

m locations are defined by Table C (p × m). Together they create the fourth table, Table D (p 

× n) (Legendre, Galzin & Harmelin-Vivien, 1997). Legendre (1997) has constructed different 

models within this method, which combines the three tables in different ways, (depending on a 

chosen model) by either keeping the rows or the columns constant and permutating at random 

(105 times) the values within the other that is not kept constant. This thesis has chosen to focus 

on number 1 and 3 of Legendre’s four models as well as trying a new extended model, from 

another paper (Castro, Lehsten, Lavorel, & Freitas, 2010) 

o The first model (1) “Environmental control over individual species”, suggests that genera 

are found at locations where they encounter appropriate living conditions, independent of 

one another (Legendre & Legendre, 1998). The model permutes the values within each row 

vector of Table A, at random. The alternative hypothesis says that individual plant finds 

optimal living conditions at the sites where they are actually found (Legendre et al., 1997).  

 

o The “Lottery” model (3) permutates values within columns of Table A independently from 

column to column (Legendre & Legendre, 1998). That way the null hypothesis says that 

there is a fixed number of niches at any one location which plants invade through individual 

settling at a station being a chance event by the plant. Instead of any one plant being fixed, 

as in Model 1, it is the number of niches available for settlement that is assumed to be fixed 

(Legendre et al., 1997).  

 

o “Randomized frequencies” model is similar to the lottery model by Legendre (1997) though 

uses frequency data instead of presence/absence data (Castro et al., 2010). It thereby tests 

the total number of occurrences of each plant and the total sum of frequencies per plot by 

keeping the sum of each column and randomizing the rows, regardless of the sampling site. 

The combination is kept unchanged throughout the process. To reach a similar frequency 

distribution of each plant genus, as the field-based observation, the procedure stays at one 

sampling site. Until then, it randomly draws plant frequencies from the list of all observed 

data, regardless of the site. This way, the frequency distribution is kept similar to the 

distribution of the observed field-based frequencies, for each genus, yet makes it possible 

to account for the different size and colonizing strategies by the plant (Castro et al., 2010).  
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The tests for the different models and sampling sites were conducted by a Matlab-code where 

the results were validated by the Bonferroni-Holm test. The three chosen models were run on 

the frequently used track and comparing its parameters with off-track conditions. Thereafter, 

the same was done for the old track. The separation of tracks for this analysis was done to be 

able to compare the response to the extent of disturbance on the frequently used track and the 

old track with supposedly normal conditions at sampling sites 2 and 3. Otherwise the results 

were thought to be skewed because of the uneven frequency of disturbance by the tractor. 

2.4.5 Multispectral image data analysis 

The camera on the drone recorded reflectance in three colour wavelength channels; red (R), 

green (G) and blue (B). When aiming to map the vegetation types, the RGB images from July 

was separated into the individual R, G and B wavelength band to facilitate multi-spectral image 

analysis from two different methods; i) Object-based Image Analysis (Husson, et al., 2016) and 

ii) Green Chromatic Coordinate (GCC) index (Runnström et al., 2019). 

i) Object-based Image Analysis 

Object-based Image Analysis (OBIA) is a common approach used to classify images where 

objects of interest are made up of many pixels, which is typical of UAV images. Previously 

found articles that used this type of image analysis found very high accuracies, of around 80 

percent or higher, for the produced vegetation map (see Table A.6) thus was seen as a good way 

of classifying vegetation data for this thesis. The steps in OBIA are segmentation, mean value 

calculation per segment, and classification (Husson, Ecke, & Reese, 2016). In this project a 

supervised classification was used in the final classification step. 

The orthomosaic, created from July’s UAV images in Agisoft, was given as input in ArcMapTM 

10.7.1. The Spatial Analyst Tool was then used to run a Segment Mean Shift, several times with 

different settings, to find the best segmentation fit to reality. The final parameters were set to 

Spectral Detail: 15, Spatial Detail: 15 and Minimum Segment Size In Pixels: 100. The 

classification was further trained by identifying training areas within the orthomosaic that 

described a specific object class. The Identity tool was used to find the coordinates (x=lat. and 

y=long.) at each segment point of interest which, in turn, were copied into an Excel sheet. Type 

of segment class was described in a column, as well as a class code, next to the coordinates (see 

Table 2.4). To start there were ten classes: 1. green grass, 2. yellow grass, 3. red grass, 4. light 

green moss, 5. dark green moss, 6. red moss, 7. white lichen, 8. light grey clay, 9. dark grey 

clay, 10. shadow. These were then grouped and reduced to five remaining classes to describe 

the training data: 1. grass, 2. moss, 3. lichen, 4. bare ground and 5. shadow. The training data 

file was imported as a csv-file into ArcMap and saved as a shape file. A sample analysis 

extracted multidimensional information about the segments’ mean value for each raster band 

(see Table 2.4) by using the segmentation mean shift data and training data. The settings were 

set to resampling technique as nearest neighbour which uses the value of one cell that the point 

falls within. The box for process as multidimensional was ticked before running the sample 

analysis.  
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Table 2.4. Draft of Excel-file for the training data from the July’s orthomosaic for the classification of 

vegetation cover. Describes the marker ID in the map and its coordinates x (latitude) and y (longitude). 

Class code and descriptive refers to the type of segment that is found at these coordinates. From a 

sample analysis the RGB mean colour is shown for each of the three raster bands, 1, 2 and 3.  

ID x y Class code Descriptive Band 1 Band 2 Band 3 

1 468928.517 8665608.529 1 Green grass 153 144 110 

2 468927.671 8665605.659 1 Green grass 151 161 138 

3 468931.216 8665608.568 2 Yellow grass 151 148 141 

The sample analysis file was saved in .dbf-format but converted to a txt-file to be read in the 

software program R v.1.2.5042 for a final Random Forest (RF) analysis. The RF was conducted 

from the random forest-package (Liaw & Wiener, 2002). It required separate files with the 

raster bands from the orthomosaic. The bands were therefore extracted from the image using 

the clip tool in ArcMap and saved as tiff files. The RF model produced an error matrix that 

judged the quality of the classification as well as gave a visual inspection. It was based on the 

classification code retrieved in the training data and the band-information from the sample 

analysis. The number of trees used were set to 1 000 (ntree = 1 000) and the number of variables 

randomly sampled at each split was three (mtry = 3). As the code aimed to do a classification 

the minimum size of terminal nodes trees in the forest were one.  

When the RF error matrix produced an as low overall error as possible, after several trials with 

different segmentation classes in the training data, the prediction was run. It used the previously 

extracted raster bands and the resulting RF model, from the step before, to produce a thematic 

map of the vegetation in the study site. The resulting image was opened in ArcMap and 

displayed with more suiting colours and class names for each calculated segment. 

The classification for bare ground and lichen were found to be difficult to separate by the RF 

model and were resulting in very high confusion errors. To solve this the final version of the 

classification map chosen had the best fit for lichen outside of the frequently used track area. 

Then the visibly disturbed area at the track was clipped out and reclassified separately to only 

include clay (bare ground) and not lichen, since lichen were not found in the field-data. The 

adjusted clip was then mosaicked back together with the other part of the vegetation map.   

The number of pixels for each class were summed together to receive the total number of pixels 

in all groups. Then the pixels for each of the five thematic classes (grass, moss, lichen, bare 

ground and shadow) were summed together to calculate the total number of pixels in all groups. 

Then the number of pixels for each individual class was divided by this total number to calculate 

the percentage area of vegetation cover of those pixels for each group. The four sampling sites 

were cut out from the image and used to validate the vegetation cover from the observed data. 

ii) Green Chromatic Coordinate 

To further study the effect on vegetation cover made by the tractor on the tracks, it felt important 

to compare the greenness along the tracks compared to off-track. A greenness index describes 

the density and distribution of grass and moss and it would visualise areas without vegetation 

with a very low greenness index. Thus, Green Chromatic Coordinate (GCC) indices were 

calculated to obtain a greenness value in the UAV images acquired on the 8th of July. The index 
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describes the greenness in the RGB images with high values for dense vegetation and low 

values for areas which lacks a green vegetation cover. The GCC is a non-linear transformation 

of the measured green digital numbers to values representing the proportion of the greenness 

registered in each pixel, divided by the sum of the R, G and B bands (Runnström, Ólafsdóttir, 

Blanke & Berlin, 2019; see Equation 2). Thus, GCC corresponds directly to the changing levels 

of green pigmentation in vegetation. 

𝐺𝐶𝐶 =  
𝐺

(𝑅 + 𝐺 + 𝐵)
    Equation 2 

G represents the green wavelength raster band reflectance and R + G + B the sum of the red, 

green and blue colour raster bands.  

The GCC map was created in QGIS v.3.10 using equation 2 where high values of the GCC 

index represented green areas and low values indicated absence of vegetation.  

ArcMap was used to extract each sampling plot (n=217) from the July orthomosaic by marking 

out each frame’s spot along the sampling sites using the in-situ measured distances from the 

parallel ice wedge. Each polygon marking was given a square buffer of the same size as the 

metal frame (0.5 × 0.5) used in the vegetation inventory. The area within each buffer was 

extracted from the orthomosaic and saved as a separate tiff-file. Because of some difficulties 

reading the raster bands of each extracted sampling plot, ArcMap was not able to calculate the 

GCC indices properly. QGIS had no such issues when reading in the tiff-file information and 

was used for this purpose instead. By using the raster calculator in the raster toolbar, a GCC 

index could be calculated using equation 2 for each extracted sampling plot at each sampling 

site.  

When comparing two sets of data, such as the GCC indices with data of biodiversity, it is useful 

to use the coefficient of variation (CV) for the GCC of each sampling frame (see Equation 3). 

The GCC standard deviations (SD) of each sampling plot at the four sites were therefore 

recorded and divided by the mean (m) of the same plot, which gave a CV that can be compared 

with the biodiversity. 

𝐶𝑉 =  
𝑆𝐷

𝑚
 ∗  100        Equation 3 

A scatterplot of the two data sets was made in R to check the correlation (R2) between UAV-

based predicted greenness data and the field-based vegetation inventory. The GCC CV data 

were shown in a boxplot, showing the relationship between disturbed and undisturbed 

greenness. To check the retrieved coefficient variables, a permutation test of independence was 

run between all sampling sites CV values using the coin-package in R (Hothorn, Hornik, Van 

de Wiel, & Zeileis, 2006). The test treats the two groups of data (disturbed/undisturbed) as 

independent samples to test if there is a difference in values between the two groups.   
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3. Results 

3.1 Vegetation 

The vegetation inventory found 21 genus on the study site (see Table 3.1) as well as grass, moss and 

lichen. The genera Draba, Ranunculus and Saxifraga had the most types of species found in the 

vegetation inventory. In most of the other cases only one or two species of the same genus were present 

at the study site.  
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Table 3.1. Present plant species genus on the study site with given numbers and nomenclature used throughout 
this thesis. English names are given and in some cases, where this is missing, the Swedish name is used instead 
and marked with a *.  There are five plant functional types (PFT) present at the study site. 

Genus 
Number 

Genus 
Species name 

(Latin) 
Species name 

(English) 
PFT 

1 Bistorta B. vivipara Alpine Bistort Herb 

2 Braya B. glabella Purplish Braya Herb 

3 Cerastium 
C. arcticum Arctic Mouse-ear 

Herb 
C. regelii Polar arv* 

4 Cochlearia C. groenlandica Greenland scurvy-grass Herb 

5 Draba 

D. subcapitata Raggdraba* 

Herb 

D. alpina Gulldraba* 

D. lacatea Lapland whitlow-grass 

D. norvegica Rock Whitlow grass 

D. oxycarpa Blekdraba* 

6 Koeniga K. islandica Dvärgsyra* Herb 

7 Oxyria O. digyna Mountain sorrel Herb 

8 Pedicularis P. hirsuta Hairy Horse wort Herb 

9 Papaver P. dahlianum Svalbard poppy Herb 

10 Ranunculus 

R. hyperboreus Jordranunkel* 

Herb R. pygmaeus 
Pygmy buttercup/ 
Dwarf buttercup 

R. sulphureus Polarsmörblomma* 

11 Salix S. polaris Polar Willow Shrub 

12 Saxifraga 

S. cernua Drooping Saxifrage 

Herb 

S. cestitosa Tufted Saxifrage 

S. hyperborea Pygmy saxifrage 

S. oppositifolia Purple Saxifrage 

S. rivularis Alpine brook saxifrage 

S. svalbardensis Svalbard saxifrage 

13 Silene 
S. acaulis 

Moss campion/  
Cushion pink Herb 

S. uralensis  

14 Minuartia 
M. biflora Mountain sandwort 

Herb 
M. rubella Rödnörel* 

15 Stellaria 
S. humifusa Saltmarsh Starwort 

Herb 
S. longipes Longstalk Starwort 

16 - - Grass Grass 

17 - - Moss Moss 

18 Equisteum E. arvense 
Field Horsetail/ 

Common horsetail 
Herb 

19 Hyperzia H. arctica Mountain fir-moss Moss 

20 Aulacomnium A. turgidum Mountain groove-moss Moss 

21 Polemonium P. boreale Boreal Jacobs ladder Herb 

22 - - Lichen Lichen 

23 Cardamine C. bellidifolia Alpine Chickweed Herb 

24 Dryas D. octopetala Mountain avens Herb 

* Swedish name because undefined English name. 
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3.1.1 Abundance  

The presence of the genus varied strongly between the sampling sites and some genus were only found 

at one site while absent in the others, which gave a very small abundance percentage and a higher 

standard deviation (see Table 3.2).  

Table 3.2. Percentage (%) and standard deviation (SD) of genus-frequency per sampling plot (n=217) at 
each sampling site, based on in-situ field-data.  

Genus 

Sampling sites 

1 2 3 4 

% SD % SD % SD % SD 

Bistorta 0 0 0.8358 0.4451 0.8966 0.5936 3.652 1.645 

Braya 0 0 0.05970 0.1222 0.06897 0.1313 0 0 

Cerastium 1.217 0.7263 7.940 2.520 1.172 0.7011 1.739 1.025 

Cochlearia 0.2609 0.2496 0.4776 0.3702 0.5517 0.3478 0 0 

Draba 0 0 1.493 0.8675 0.2069 0.2915 1.739 0.9581 

Koeniga 0.4348 0.4821 0.7761 0.5570 0.1379 0.1841 0 0 

Oxyria 0.5217 0.4005 0.1194 0.2715 9.035 2.082 6.870 2.105 

Pedicularis 0 0 0.0597 0 0.8276 0.5544 0.7826 0.4531 

Papaver 0 0 0.1791 0.2715 0.1379 0.1841 0 0 

Ranunculus 0 0 2.149 1.133 0.3448 0.2831 0.1739 0.2062 

Salix 1.217 0.6279 21.13 4.306 88.62 4.328 88.26 5.083 

Saxifraga 0.6087 0.5150 7.164 1.737 2.828 1.043 5.826 3.311 

Silene 0.0870 0.1474 0.8358 0.9299 0.4138 0.3598 0.3478 0.2849 

Minuartia 0.6087 0.5150 1.433 0.5917 9.931 3.191 3.565 1.433 

Stellaria 0 0 0.7164 0.4901 0 0 0 0 

Grass 47.39 6.193 69.37 6.326 59.17 5.422 55.30 6.641 

Moss 7.913 3.396 75.05 5.985 78.41 5.619 91.22 3.202 

Equisetum 22.09 4.797 63.46 7.451 14.07 7.236 26.96 8.660 

Huperzia 0 0 17.25 7.131 46.83 7.502 54.70 9.416 

Aulacomnium 0 0 2.985 1.418 17.38 4.011 36.61 6.687 

Polemonium 0 0 0 0 0.1379 0.1841 0 0 

Lichen 0 0 59.16 7.327 81.72 6.844 87.57 4.207 

Cardamine 0.1739 0.2062 0.776 0.6090 1.862 1.047 5.044 1.903 

Dryas 0 0 0 0 0.06897 0.1313 0 0 

Grass is found in 47 percent of the plots along sampling site 1 (n1 = 46 plots) yet, has a high standard 

deviation (SD) indicating that its frequency is strongly varying among the plots (see Table 3.2). In 

addition, grass is very abundant on sampling site 2 (69 %) though it is moss that has the highest 

frequency there (75 %), similar to sampling site 4 where moss is found in 91 percent of the sampling 

plots (n2 = 67 plots). Sampling site 1 has the lowest herb plant richness of all four sampling sites, with 

only Equisetum being well represented and found in 22 percent of the plots in the field-based vegetation 

inventory. Salix is frequently found on both sampling sites 3 and 4, (~88 %, respectively) but is more 

absent along the frequently used track at sampling site 1 (1 %). Genus of Stellaria, Braya and Papaver 

is, if found at all, very rare within the study site’s all sampling sites. Oxyria is relatively frequent on 

sampling sites 3 (n3 = 58 plots) and 4 (n4 = 67 plots) where it is found in around 7 percent of the 

sampling plots at each site, though only found in very few (~0.3 %) of the sampling plots along 

sampling sites 1 and 2.  
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Figure 3.1. Boxplot of field-based observed genera (species) at each sampling site (1-4) of n=217 plots. 
Shows the number of genera per site, median, the 25th and 75th percentiles, whiskers extending to 
the most extreme data points and notches indicating 5 % comparance intervals where two medians 

are significantly different at the 5 percent significance level if their intervals do not overlap. Significant 
difference between sampling site 1 and the sites 2 and 3 in number of genera found at each sampling 
site. The fourth sampling site has more similar genera abundance variance to sampling sites 2 and 3 
but with a larger variance of number of present genera.  

Sampling site 1 has about one third as many genera present as sampling sites 2, 3 and 4, which 

is significantly lower. The older track at sampling site 4 has, on the contrary, similar, though 

a slightly higher, number of genera present along this site compared to undisturbed areas at 

sampling site 3. The second sampling site along the sides of the frequently used track has the 

same number and variation of genera numbers present as undisturbed areas (see Figure 3.1).  
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The vegetation cover show that lichen is not found on the frequently used track while are more 

abundant and dominant on both sampling site 3 and 4 (40 % and 29 %, respectively; see Table 

3.3). Moss covers the largest area (39 %) at sampling site 3 while sampling site 1 only holds 

a moss cover of about half of that (2 %). Sampling site 2 is mainly covered by grass (23 %) 

but also by moss (22 %). There is near to no grass covering sampling site 4 (4.5 %) while all 

the more moss (40 %).  

Table 3.3. Observed field-based percentage estimations of vegetation cover at each sampling site (1-4). 
Includes four types of vegetation; grass, moss, lichen and bare ground. Grass is most frequent at sampling site 
2. Sampling site 1 has no lichen and is mainly covered by bare ground. Undisturbed areas at sampling site 3 
has high coverage of lichen and moss. Moss is further dominating sampling site 4. The study site has the 
highest average cover of bare ground and the lowest of grass. 

Sampling site Grass (%) Moss (%) Lichen (%) Bare ground (%) 

1 14.04 2.046 N/A 83.92 

2 22.95 22.11 10.04 67.86 

3 7.850 39.05 40.39 20.56 

4 4.484 39.74 29.00 31.26 

Average 12.33 25.74 19.86 50.90 

 

3.2 Fourth corner 

The first model in the fourth corner method on PFTs, looks at environmental control over 

individual genus. It clearly shows that the environmental living condition is important for four 

out of five PFTs since they all had significantly positive associations towards the undisturbed 

surrounding (see Table 3.4). The second model, the “Lottery”, gave no consistent results for 

either sampling sites on whether some PFTs perform better at a certain site compared to others 

by out-competing the potentially weaker traits. The traits have in most cases either 

significantly positive associations towards both sampling sites tested or significantly negative 

associations towards both sites. Only moss at sampling site 4 stands out by not rejecting the 

null-hypothesis in the Lottery model and therefore indicating their presence only being a 

chance of event. Furthermore, mosses show tendencies to have positive associations towards 

the old track in relation to undisturbed surroundings. The added model on randomized 

frequencies show that all PFTs are significantly dependent om their frequencies at each 

sampling site, except for lichen at the frequently used track. There are further significantly 

strong and positive associations for shrubs, grasses and lichens at all sampling sites, again, 

apart from lichen at sampling site 1 which show a weak negative association. Herbs and 

mosses are significantly negative at all sites. 
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Table 3.4. Environment response of genus according to five PFTs (herb, shrub, grass, moss and lichen). 
Using three fourth-corner methods for the frequently used track as well as on the old track. Significant 
(p<0.05) positive associations are represented by red cells and significantly negative associations by 
blue cells. Non-significant associations are presented in lighter colour. Bonferroni-Holm method used 
for p-value correction. Result from two of the Legendre’s (1998) 4th corner models and a third added 
model on randomized frequencies.  

Plant 
Functional 

Type 

Sampling  
site 

Fourth corner models 

“Environmental 
control over 

individual 
species” 

“Lottery” 
“Randomized 
frequencies” 

Herb 

1 -0.001 -0.001 -0.001 

2 & 3 0.001 -0.001 -0.001 

4 0.036 -0.001 -0.001 

2 & 3 -0.036 -0.001 -0.001 

Shrub 

1 -0.001 -0.404 0.030 

2 & 3 0.001 0.001 0.001 

4 0.176 0.012 0.001 

2 & 3 -0.176 0.001 0.001 

Grass 

1 0.552 0.001 0.001 

2 & 3 -0.552 0.001 0.001 

4 -0.042 0.001 0.001 

2 & 3 0.042 0.001 0.001 

Moss 

1 -0.001 -0.001 -0.001 

2 & 3 0.001 -0.528 -0.001 

4 0.115 0.296 -0.002 

2 & 3 -0.115 -0.478 -0.001 

Lichen 

1 -0.001 -0.001 -0.794 

2 & 3 0.001 0.001 0.001 

4 0.389 0.001 0.001 

2 & 3 -0.389 0.001 0.001 

 

3.3 Ordination 

3.3.1 Vegetation community composition 

By being further apart on the x-axis (axis 1), the frequently used track clearly have a different 

vegetation community composition than the undisturbed area at sampling site 3. The composition on 

the old track (sampling site 4) is, in contrast, very similar to sampling sites 2 and 3 from almost 

completely overlapping sampling site 3 and half of sampling site 2 in the right graph of Figure 3.3. It 

is also obvious that the sampling site has a smaller composition of genera.  
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Figure 3.2. Ordispider of a non-metric multidimensional scaling (NMDS) ordination test, using the Bray-Curtis 
dissimilarity indices, for all four sampling sites and the genus present. Sample size was 217 plots which received 
a stress of 0.145 and R2 = 0.98. Grey lines represent sampling plot relation. The control site (3) is closer on the 
x-axis to sampling site 2 than the frequently used track (1), suggesting different community compositions at 
each the site. The old track (4) is very similar to sampling site 3 and slightly different to sampling site 2. 

Table 3.5 and 3.6 demonstrates that both disturbed areas’ (1 and 4; see Figure 3.2) have a significant 

(p<0.01) different community composition compared to off-track conditions. Sample size for each 

NMDS ordination were 170. The frequently used track consists of a higher variation of genera 

frequencies (R2 = 0.47) compared to the old track where the variation was almost non-existent (R2 = 

0.08). The stress levels were 0.13 and 0.17 for the frequently and old track, respectively.  

Table 3.5. Compiled table of conducted ordination from Figure 3.2 for the frequently used track and the 
undisturbed area. Stress level is aprox. 0.13. Pr(>F) represents the p-value of the test with a significance below 
0.05 using Bray-Curtis dissimilarity indices. The frequently used track’s genus community composition is 
significantly different from the undisturbed area. 

 Df Sums of Sqs Means of Sq F Model R2 Pr(>F) 

Site 1 12.47 12.47 149.8 0.4698 0.001 

Residuals 169 14.07 0.0833  0.5302  

Total 170 26.55   1.000  

 
Table 3.6. Compiled table of conducted ordination from Figure 3.2 for the old track and the undisturbed area. 
Stress level is aprox. 0.17. Pr(>F) represents the p-value of the test with a significance below 0.05 using Bray-
Curtis dissimilarity indices. The old track’s genus community composition is significantly different from the 
undisturbed area. 

 Df Sums of Sqs Means of Sq F Model R2 Pr(>F) 

Site 1 0.990 0.9900 14.96 0.08134 0.001 

Residuals 169 11.18 0.06616  0.9187  

Total 170 12.17   1.000  
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3.3.2 Response analysis  

i) Redundancy analysis (RDA) 

An ANOVA test on 999 permutations for both axis and genera in the RDA showed 

significance within a 99 percent confidence interval (p << 0.01). The analysis further achieved 

an adjusted correlation of R2 = 0.54. The primary axis (RDA1) has an importance of 

65.91percent while the second axis (RDA2) is less with a 25.95 percent environment 

importance component.  

Sampling sites 1, 2 and 3 have an as wide angle as possible from each other and shows that 

the sampling sites are weakly correlated based on the abundant genus. The older track at 

sampling site 4, has in contrast a very strong correlation to sampling site 3 (see Figure 3.3). 

The genera Minuartia and Pedicularis have similarly strong associations to both the old track 

at sampling site 4 and to sampling site 3. Cochlearia and Equisteum are strongly responsive 

to sampling site 2 (see Figure 3.3). No genera corresponds well to sampling site 1.  

 
Figure 3.3. Redundancy analysis of scaling 2 shows relationships between variables of interest at the 
frequently used track and older track in comparison with sampling sites 2 and 3. Sampling site 1 is 
weakly correlated to sampling site 2 and 3 with no greater association to any genera. Sampling site 4 
strongly correlates to sampling site 3 and has a weakly to sampling site 2. The genera Oxyria is 
especially well correlated to undisturbed areas and equisetum is very common along the sides of the 
frequently used track.   
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3.4 UAV remote sensing data 

3.4.1 Mapping 

The digital surface model (DSM) in Figure 3.5, shows a lower elevation (darker areas in map) 

as compared to the surroundings for both the frequently used track and the old track. The 

whole map’s elevation difference between the highest and lowest point is less than a meter 

and has the highest difference along the crossing ice wedge. The DSM has a resolution of 2.31 

mm/pixel. The old track has less elevation differences to its surroundings compared to the 

frequently used track.  

 
Figure 3.5. Digital Surface Map (DSM) of study site. The frequently used track is visible as two horizontal 
lines in the map with the old track shown above in the upper part of the map. An ice wedge passes 
through both tracks as a vertical line. It is obvious that both tracks have a lower elevation than its 
surroundings. A horizontal, second ice wedge is visible in the map which runs along the frequently 
used track’s NW side. The DSM map is conducted from the September orthomosaic.   
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The slope map in Figure 3.6 show that there are steeper slopes along the upper (NW) side of 

the frequently used track. There are also smaller areas on this track that have a steeper slope 

compared to the rest of the disturbed area. The old track is slightly visible with some distinct 

edges, outlining the track. The vertical ice wedge, running through both tracks, have a slope 

difference of around 20 - 30° compared to its surrounding, tough is clearly interrupted at the 

intersection with the frequently used track. 

 

 
Figure 3.6. Slope map of study site shown in degrees°. The frequently used track has steeper slopes 
along the surface compared to the old track. The vertical ice wedge clearly shown to have slopes 
around 20-30° though is interrupted by the frequently used track. Larger patches of steeper slopes 
(50-90°) are visible on the left side of the map, as well as along the horizontal ice wedge’s right side in 
the study site. 
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The hillshade map (Figure 3.7) clearly marks the ice wedge along the upper side of the track. 

In addition, the two trails from the tractor’s wheels are easily seen along both disturbed areas. 

The old track is more visible in this map by having and increased amount of shade. There are 

indications of increased shadow along the frequently used track, more than on the old track, 

compared to their surroundings.  

 

 
Figure 3.7. Hillshade map of the study site. Solar azimuth and altitude set to default (315° and 15°, 
respectively). There is some indication of increased shady areas along the track, especially along the 
horizontal ice wedge. The old track shows less signs of shadow compared to the frequently used track. 

 

The frequently used track is distinct in all three maps with both a lower elevation, steeper 

slopes and higher occurrence of shade compared to the surrounding undisturbed surfaces. The 

old track is slightly visible, though not as obvious or wide as the frequently used track.  

3.4.2 Vegetation mapping with UAV data 

i) Object-based Supervised Classification  

The segmentation map from the object-based supervised classification, on the OBIA, has an 

accuracy of 72 percent due to difficulties separating lichen from bare ground and includes 

pixels with shadow, which was not considered in the observed field-based data. There are five 

classification groups included in the object-based image analysis; moss, grass, lichen, bare 

ground and shadow (see Figure 3.8). The frequently used track is clearly more barren 

compared to the undisturbed area around it. Mostly grass is found along the track with smaller 
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patches of moss. The old track, north-west of the frequently used track, is visible in the object-

based image analysis with shadow areas running along the track. Moss is more frequent on 

the upper side of the frequently used track while the southern part of the study site visually 

holds larger areas of lichen. The smaller and parallel ice wedge to the frequently used track 

creates a shadow adjacent to the track. Areas classified as shadow lacks information of the 

underlying vegetation classification. 

 
Figure 3.8. Classification map at the study site, including the five classes; grass (yellow), moss (green), 
lichen (grey), bare ground (brown) and shadow (black). Confusion matrix error: 0.28. The frequently 
used track is obvious in the middle of the image as mainly bare ground. Overall a patchy vegetation of 
mosses and lichens. 
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i) Green Chromatic Coordinate (GCC) 

 
Figure 3.9. Green Chromatic Coordinate (GCC) of study site. Retrieved from QGIS by dividing the green 

raster band by the sum of all raster bands. Lighter areas (1) hold greener vegetation and black areas 

(0) argues for no green vegetation. Two ice wedges clearly visible as a cross-pattern in the middle of 

the map. The trails from the tractor wheels are distinct along both tracks, yet more obvious along the 

frequently used track. 

The greenest and densest vegetation within the study site is found along the two ice wedges 

(see Figure 3.9). Natural and undisturbed areas are showing a scattered and irregular 

distribution of green plants. Both tracks show obvious signs of lack of green vegetation and 

are clearly marked in the figure as black lines passing through the study site. The frequently 

used track has a wider range of no vegetation compared to the old track which is narrower. 
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Figure 3.10. Boxplot of UAV-based predicted Green Chromatic Coordinate (GCC) coefficient variation 
(CV), calculated for each sampling site’s sampling plots (n=216). Shows greenness variation per site, 
median, the 25th and 75th percentiles, whiskers extending to the most extreme data points and 
notches indicating 5 % comparance intervals. Clear visual difference in CV ratio at sampling site 1 
compared to sites 2 and 3. The fourth sampling site has more similar variance to sampling sites 2 and 
3 but with a larger variating greenness CV along the sampling plots.  

From Figure 3.10 it is seen that the frequently used track has less greenness variation 

compared to the other sampling sites. A permutation test, on independence, from the COIN 

package in R shows significant differences (p<<0.01) between the disturbed sites (1 and 4) in 

relation to the undisturbed areas. Sampling site 2 and 3 do not differ in greenness distribution 

(p>0.05). 

Table 3.7. Permutation test from COIN package in R on independence variance between the four sampling sites 
in Figure 3.10. Significant (p<<0.01) differences between all tested sampling sites except for between sampling 
sites 2 and 3 areas which did not differ (p>0.05) in greenness variation. 

Tested independence between sampling sites p-values 

1 & 2 ** 

1 & 3 ** 

1 & 4 ** 

2 & 3 - 

2 & 4 ** 

3 & 4 ** 

Disturbed & Undisturbed ** 

 ** significance within a 99 % confidence interval (p<0.01). 
 - no significance retrieved within a 95 % confidence interval (p>0.05) 
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3.5 Vegetation inventory comparison 

The average UAV-based predicted vegetation cover for each class at each sampling site (see 

Table 3.8) differs compared to the field-based coverage data (see Table 3.3). Grass were 7.29 

percent more frequently classified in the UAV-based vegetation map, while lichen had 5.44 

percent higher estimations in the field-based data. Bare ground segments were distinctively 

fewer (9.14 %) in the UAV-based vegetation map.  

Table 3.8. Percentage of vegetation cover from the UAV-based vegetation map, in Figure 3.8, at the different 
sampling sites (1, 2, 3, and 4). Including the cover percentage difference between the field- and UAV-based 
data.  

Sampling site Grass (%) Moss (%) Lichen (%) Bare ground (%) 

1 19.79 5.692 N/A 74.52 

2 28.08 26.30 13.32 55.15 

3 13.08 38.95 32.77 12.08 

4 17.51 45.63 11.59 25.28 

Average 19.62 29.14 14.42 41.76 

Difference + 7.29 + 3.40 - 5.44 - 9.14 

Overall, the UAV-based prediction data are well correlated (R2 > 0.67) with the data based on 

the field-inventory (Figure 3.11 and 3.12 and Table 3.9). Moss achieved the strongest 

correlation (R2 = 0.74) between the data sets with a slope closest to 1 (0.83). Bare ground has 

the weakest correlation of the four types of vegetation with the adjusted R2 being 0. 67 though 

retrieved a steeper slope (0.80) than both grass and lichen which otherwise had stronger 

relationships, R2 = 0.70 and 0.72, respectively. All correlations found are significant within a 

99 percent confidence interval where p < 0.01.  

 
Figure 3.11. Correlation between UAV- and field-based data of grass (a) and moss (b) vegetation cover 
(%) at all four sampling sites; 1 (grey), 2 (yellow), 3 (purple) and 4 (green). Moss is the best correlated 
to the fitted line (red) while grass is weaker for sampling site 3 and 4. 

 

a) b) 
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Figure 3.12. Correlation between UAV- and field-based data of lichen (a) and bare ground (b) 
vegetation cover (%) at all four sampling sites; 1 (grey), 2 (yellow), 3 (purple) and 4 (green). Both plots 
are scattered, especially bare ground data at sampling site 2 which have a very weak correlation to the 
fitted line (red).  
 
Table 3.9. Significance of the sampling plots’ total vegetation cover for all four types of vegetation at 
the study site, visualised in Figure 3.11 and 3.12. Stronger correlations of grass, moss and lichen with 
high significance and linear slope. Weaker correlation for the cover of bare ground but with a steeper 
slope. All types of vegetation are significantly correlated (p<<0.01) within a 99 % confidence interval. 

 Grass Moss Lichen  Bare ground 

p-value 0.00 0.00 0.00 0.00 
R2 0.70 0.74 0.72 0.67 
Slope + 0.71 + 0.83 + 0.68 + 0.80 

 

  

a) b) 
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Genera frequencies SD 

Figure 3.13 show a significantly good correlation (R2 = 0.55) within a 99 percent confidence 

interval (p << 0.01) between the GCC coefficient of variation (CV) ratio and the plant 

frequency standard deviation. Best correlation is found for sampling site 1 while sampling site 

4 is most scattered. Higher ratio for GCC CV indicates for higher plant richness variation 

among the sampling plots for all sampling sites. Table 3.10 show weaker slope of 0.46 where 

plant variation frequency increases more rapidly than the corresponding GCC coefficient.  

  

 
 
Figure 3.13. Correlation between GCC coefficient of variation (CV) ratio and the standard deviation 
(SD) of the genus frequencies in each sampling plot at all sampling sites. Low greenness variation 
indicates low biodiversity and higher greenness variation has somewhat weaker indications of higher 
biodiversity.  

 

Table 3.10.  Slope, interception and significance from the correlation analysis between field- and UAV-
based predicted data shown in Figure 3.13. Sample size (n) was 216. Strong correlation between genus 
SD and GCC CV at each sampling site’s plots.  

 Adjusted R2 Intercept Slope p-value 

SD 0.5486 1.568 0.4637 ** 

** - significant within a 99 percent confidence interval where p<<0.01. 
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4. Discussion 
Arctic biodiversity and vegetation cover are indeed affected by vehicle disturbances. Through 

this study it has been possible to prove that there are significant changes in both genera’ 

composition and vegetation cover along a track made by a tractor. Even though the impact 

from the tractor driving did not occur more than a few times per summer between the years 

1990 and 20191, the tractor had to drive on the same track every time because of 

Sysselmannens regulations about keeping the damage to a minimum. This is believed to have 

contributed to a more profound breakdown of the surface vegetation along the impacted track.  

4.1 Field-based vegetation coverage 

Undisturbed vegetation cover consisted of a scattered distribution of mostly lichen and mosses 

with fewer larger patches of grass tufts. Mosses grew abundantly along the two ice wedges on 

the study site. Thus, the barren and stripped surface on the frequently used track became very 

distinct. The otherwise rather flat ground surface was more rough and uneven along the track 

due to pressure from the tractor wheels. A study on vegetation recovery by Li et al. (2006) 

argued that grasses, as weeds, are very resistant and are in most cases the first plants to come 

back after vehicle disturbances. Similar tendencies were seen in this study for grasses. The 

track had no recorded presence of lichens in the field-based vegetation inventory of the track 

while grasses covered 14 percent of the surface. Undisturbed areas ten meter away on either 

side of the frequently used track consisted half that percentage cover. Instead it was covered 

by 40 percent lichen and moss, respectively (see Table 3.3). Mosses were, in contrast, found 

in very small amounts (2 %) along the frequently used track and were not as dense or of as 

large patches as the grass tufts. Instead, the track mainly consisted of clay (84 %). This further 

rejects the null-hypothesis set for this thesis and argues for vegetational changes within the 

disturbed site. 

The bare ground on the track was seen to easily turn into mud during rainfalls which compiled 

into larger water puddles along the track. This kind of accumulation of water was not seen in 

the surrounding area of the track, where the water presumably more easily percolated through 

the ground or was taken up by the short vegetation. The study by Li et al. (2006) describes 

this phenomenon to be because the vehicle’s wheels are compressing the surface soil to a 

denser layer, making it harder for the water to infiltrate. It is believed to further cause 

complications such as flooding from snow melt and heavy rainfall during warmer months in 

Arctic regions. The increased amounts of accumulated water and flooding occurrences is also 

believed to be a contributing cause of low biodiversity and plant richness along the track.  

The vegetation cover, along the sides of the track, showed signs of being affected by the 

tractor. Here grasses grew more abundantly (23 %) than in undisturbed areas and lichen were 

less frequent, only a quarter of normal conditions. Increased coverage of bare ground (55 %) 

were further recorded which show that the damages not only follow the impacted trails but 

                                                           
1 This year-span is an assumption based on what was told by the hotel staff, at the Isfjord Radio Adventure 
Hotel, who owns the used tractor.  
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also affect its near-by surroundings within a few meters range. These differences in vegetation 

cover between disturbed and undisturbed areas support what was argued for by Huntington et 

al. (2007). Local human activities in Arctic regions are contributing factors to landscape 

changes in addition to air pollution from winds and weather phenomena. Kevan et al. (1995) 

discussed that removal of the top-layer cover, as seen in this study, will have consequences 

like enhanced erosion rate of the stripped surface which tends to increase permafrost thawing. 

Based on the fact described by Pedersen & Post (2010) such an event should alter the 

permafrost processes and change or reshape the landscape around the study site, long-term. 

A second track was found a few meters north of the main track of this study (sampling site 4). 

This track seemed to be less frequently used though the amount of use is unknown. It was 

narrower and not as prominent as the frequently used track. Yet, the ground was similarly 

compressed, and vegetation cover was missing in some parts of this track. It is likely that this 

second track is older, from about ten years ago which had only been used once or twice 

because the main track had been unreachable, most likely due to too much mud or water. The 

older track contributed to the study by describing a site with less disturbance than the 

frequently used track by giving insight on the amount of stress possible before affecting 

vegetation and biodiversity at the site. It also provides information on some sort of recovery 

rate after tractor disturbances. Its vegetation cover was, overall, similar to undisturbed areas 

and no distinct difference was found in the percentage cover of either grass, lichen or mosses 

(see Table 3.3). Yet, it had the largest frequencies of lichen (88 %) as well as for mosses (91 

%) and herbs (17 %) of all four sampling sites (see Table 3.2). Only grasses were less frequent 

compared to undisturbed areas which could indicate that the surface along this track was not 

impacted enough to be favourable for this PFT. The quantity of genera recorded at the old 

track was not different from natural conditions (see Figure A.1). If anything, it seemed to be 

a higher frequency of fewer genera along this track which slightly rose the plant frequency 

median of the sampling site. The old track and the undisturbed sampling site 3 had similar 

percentage cover of moss. These findings suggest that even occasional driving once or twice 

in the past have potentials for affecting the ground surface vegetation cover and plant richness 

in the area. Yet, it does not fully reject the null-hypothesis for this thesis on a significant 

change in vegetation cover along the old track compared to undisturbed areas.  

4.2 Disturbance response of communities’ PFTs 

It was found that the biodiversity differs between the disturbed and undisturbed areas for both 

tracks on the study site (see Table 3.2). For the frequently used track it is not surprising that 

the number of present genera are different from genera growing outside of the track (see Table 

3.4), however, the old track also showed significant differences in genera community 

compositions in relation to its surroundings (Table 3.4). Only twelve genera were found along 

the frequently used track and 17 on the old track, which is fewer than off-track areas with 22 

and 23 recorded genera, respectively (see Table A.2).  

An analysis on the environmental control over individual species from Legendre’s fourth 

corner method (1997) between the frequently used track and the undisturbed areas, further 

shows significant tendencies for herbs, shrubs, mosses and lichens to favour undisturbed 
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environments due to more appropriate living conditions (see Figure 3.2). The barren ground 

along the frequently used track is found to be a disadvantage for these PFTs and are therefore 

unable to live there in any meaningful quantities. Grasses show no such tendencies.  

The same model (1) gave a more mixed result for the old track where only herbs had 

significantly positive associations towards the disturbed area, counter to what was seen for the 

frequently used track. Grasses were, in addition, more adaptable to the undisturbed areas than 

along this older track. It would suggest that grasses have best advantages on tougher ground 

surfaces where there is less richness of other PFTs. Neither shrubs, mosses nor lichens had a 

specific preference towards any sampling site, which might be because the sites were too 

similar in plant composition for it to show any kind of significant division. Yet, those three 

PFTs had positive tendencies towards the old track. It further argues that grass is very quick 

on bouncing back from a disturbance though, becomes less abundant as other genera with 

other traits increases. It also advocates for a larger invasion of different genera and PFTs after 

an external disturbance, before balancing out and normal levels of compositions are resumed.  

There are factors suggesting that the results in the environmental control model is based on 

chance events where for example grasses only appear favourable and abundant along the 

frequently used track, due to chance. This was confirmed false by the lottery model in Table 

3.4, for all PFTs between the frequently used track and sampling sites 2 and 3. The model 

hypothesizes a controlled community based on a founder genus, with no differences in 

competitive ability between the genera. Only shrubs at sampling site 1 and mosses at sites 2 

and 3 were unable to disprove this hypothesis. For the frequently used track it is most likely 

due to very small quantities of dwarf shrub genera (see Table A.2). For the old track the results 

were similar to the frequently used track. Overall, genera are therefore not a fixed number of 

niches at any one location but have chosen an environment most appropriate for the genera’ 

niches and competitive ability. Nothing could be confirmed for mosses at the old track.  

By instead randomizing the genera frequencies between all plots and sampling sites it resulted 

in a significant change in mean frequencies, confirming that the genera are found at the 

appropriate location by choice rather than chance. Only lichen on the frequently used track 

were unsure and is believed to have to do with the fact that no lichen plants were recorded on 

the site in the field-based inventory. Overall for this model it was found that herb and moss 

are likely to depend on the frequency of genera either on- nor off-track, while dwarf shrub and 

grass show the opposite and are dependent on how many of each specific genus both on- and 

off-track. This thereby strengthens the theory that grasses are very resistant and quick to 

regrow in areas with disturbance while disappearing when other genus grows denser and start 

to invade the same area after the disturbance.  

From the Euclidean distances in a multidimensional space in the RDA (see Figure 3.3 and 

3.4), it was possible to see the correlation between genus and environmental factors 

(disturbance / no disturbance). Wider angles between the environment vector arrows in Figure 

A.7 and A.8 under Appendix, gives indications of weaker associations. Such weak 

relationships were found between the frequently used track and the undisturbed area. Even 

within the considered undisturbed area it was possible to see poor interactions, arguing for 

larger differences of genera abundances here as well. It has already been seen earlier in this 
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thesis that the vegetation cover sampling site 2 seemed to be more affected by the tractor 

driving than expected. Genera of Salix, Oxyria, Minuartia and Aulacomnium are further, more 

strongly correlated in the RDA analysis to sampling site 3 rather than sampling site 2, though 

have a very weak relationship to the disturbed area of the frequently used track at sampling 

site 1. Saxifraga, Koeniga, Cerastium and Equisteum are genera with stronger correlations 

towards sampling site 2 while no genera respond well to sampling site 1. This track is believed 

to be too damaged for herb genera, thus are only seen in very small frequencies in Table 3.2. 

It was thought that at least grass would have tendencies of stronger relationships towards the 

track but are instead found more favourable at sampling site 2 along the sides of the frequently 

used track. The older track is once again proved to correspond very well with sampling site 3 

within the undisturbed area. However, has surprisingly few common genera with sampling 

site 2. Hyperzia, Bistorta and Cardamine are genera strongly associated with the old track but 

have similar frequencies of Pedicularis and Aulacomnium as sampling site 3. Salix are even 

more favourable along the old track than at sampling site 3, suggesting that the low amount 

of disturbance have a positive effect on both genus composition and PFTs adaptation 

compared to a completely untouched surface, as many plants are competing for space and 

survival after the disturbance.  

This answers the first research question of this thesis and confirms that there are significant 

changes at the frequently used track which also can be seen to some extent for areas with less 

disturbance such as along the older track. Further, a significant change of biodiversity can be 

seen for the old track compared to the its undisturbed surroundings which rejects its null-

hypothesis.  

An article by Cooper (2011) described a high genera-abundance of Dryas ssp. and Cassiope 

tetragona around the location of the study site. Yet, were, if at all, found in very few quantities 

in this study. This could be explained by the human factor and could have been missed due to 

lacking identifying skills at the in-situ inventory or it could have been a bad year or even too 

early in the blooming season for these plants to show at the chosen study site. However, in 

conformity with Cooper, the inventory found a high richness of Salix and Saxifraga. 

4.3 UAV data analysis 

This thesis further aimed to, in addition to the field-based vegetation inventory, conduct a 

UAV analysis to map and measure vegetation extent, cover and type.  

4.3.1 Vegetation map from UAV data 

In general, the orthomosaics provided a good overview, where it was possible to clearly see 

both disturbed areas. The vegetation map produced by a random forest analysis (RF) had an 

overall accuracy of 72 percent for five classes, and can be seen as a good result. Yet, in 

comparison, an article from 2017, on object-based land-cover supervised classification 

mapping landscapes in China, also using five classes, achieved 97 percent accuracy in their 

study (Zhang, Chen, Wang, Wang & Dai, 2017).  
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In addition, Corcoran, Knight & Gallant (2013) found an accuracy of 85 percent for the 

classification in their study on upland, wetland and water areas, which also is higher than 

achieved accuracy for this study.  

A third study retrieved 87 – 92 percent accuracies describing 24 national vegetation 

classification classes for three seasons in northern England (Bradter, Thom, Altringham, 

Kunin & Benton, 2011). The same article refers further to a study, by Reid & Quarmby (2000), 

where they retrieved a 77 percent accuracy distinguishing eight blanket bog classes in 

Scotland. Karami et al (2018) and Chapman, Bonn, Kunn & Cornel (2010) achieved 89 and 

95 percent accuracy, respectively in their studies on Greenland and England vegetation with 

seven subclasses each.  

These six articles on previous achieved classification accuracy, all show higher percentage 

accuracy for their confusion matrices compared to this thesis. The reason for the weaker result 

here is thought to be either because of unsuitable settings in the mean shift segmentation 

process made in Arcmap or because of general difficulties classifying such a homogenous 

colour-shifting vegetation that is found at the study site. As an example, both grass and moss 

have similar red-green brownish colour tones and are difficult to separate from each other in 

a photograph. This was seen in the resulting vegetation map as grass or moss often had twice 

as much coverage in the sampling plots as estimated in the field data. The Corcoran et al. 

(2013) study had similar difficulties where vegetation classes frequently were confused with 

other classes. Upland areas were for example confused with wetlands about 29 percent of the 

time according to their results. Yet, still retrieved a higher overall accuracy. They only had 

three subclasses instead of five as in this thesis which possibly have been to their favour.  

Another problem occurring was the fact that bare ground appeared as light grey along the 

track as it was consisting of clay while bare ground off-track had darker grey colours. Lichen, 

on the other hand had light grey colours off-track and were often mismatched with bare ground 

along the frequently used track in the RF classification. It therefore took some additional time 

to adjust for this issue. The frequently used track and the other three sampling sites ended up 

being separated in the classification process so that these confusions could be diminished.  

4.3.2 Digital surface model from UAV data 

The surface elevation at both disturbed sampling sites have similar depression measurements 

from where the tractor wheels have pressed down on the surface layer (see Figure 3.5). A 

second ice wedge running along the northern part of the frequently used track is spotted in the 

DSM. The presence of the ice wedge could explain sampling site 2’s stronger correlation with 

genera of moss, which was confirmed by retrieving higher green chromatic coordinate (GCC) 

indices (see Figure 3.9). The ice wedge running perpendicular to the tracks is clearly 

interrupted by the frequently used track with a higher surface elevation compared to normal 

conditions. This is again explained by the pressure from the tractor’s wheels which pushes 

down on the ground so that the sides of the ice wedge collapses and is then, in turn, compressed 

and flatten out by continuous pressure from each vehicle-passage. No such smoothing can be 

seen on the intersection between the ice wedge and old track a little north of the frequently 

used track intersection. This process could be the reason for the very steep slope at the northern 
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part of the frequently used track. The pressure from the wheels must have pushed the mud and 

soil off the sides of the track, which in turn created a steeper slope in relation to the former 

ice wedge’s elevation levels (see Figure 3.6). Slopes of similar degrees could similarly be seen 

at two locations on the southern part of the track. This is the same places where water puddles 

can be seen in the orthomosaic image from September. The old track does not show similar 

slopes though it is still possible to see a two-wheeled trace within an otherwise undisturbed 

area. They become more obvious when looking at the hillshade effect from the previous 

driving at the old track which is just as strong as along the frequently used track (see Figure 

3.7). The very slightly increased amount of shade, from an Arctic sun that does not set at these 

latitudes during the summer, could increase the plant richness, since the plants cannot 

otherwise recover or hide from the sun’s beams at all during those few months. A small part 

of shadow could therefore potentially give some relief and induce a higher genus frequency-

variation as well as higher abundance of moss and lichen. A slight depression of the surface 

ground along the old track could also generate an increased amount of water which would 

give this site advantages for mosses which favours more damp environments. The frequently 

used track receives similar amount of shadow as the old track though is most likely too 

damaged to give the advantages of the same sort as at the old track. Instead, it rather interrupts 

an otherwise flat and vast landscape.  

The GCC CV variance described the greenness variation within the study site and showed that 

the old track had a similar variation to the sides of the frequently used track though were still 

found to be different. The track had as expected a very low CV which differed significantly 

to the other sites. It fits well with previously found results of no vegetation and barer ground 

as well as less plant richness. The undisturbed area at sampling site 3 had more evenly 

distributed greenness with a lower mean compared to both sampling site 2 and the old track. 

However, the overall greenness index map in Figure 3.9 showed very low levels of green 

vegetation at both track sampling sites. It was further seen that the sampling plots along the 

old track only covered the area in the middle of the two trails from the wheels. It therefore, 

does not fully describes the impact of occasional driving there to any larger extent. Instead, it 

can only show that the tractor’s impact is very local along its trails rather than having a wider 

surface impact as seen along the frequently used track. Future studies should then ideally go 

back to the study site and retake the vegetation samples at this sampling site but this time 

along the wheel-trails instead of in the middle.  

Moving on, the frequently used track has clearly removed the moss layer at the intersection 

with the ice wedge and replaced it with bare ground that does not reflect of any green. The 

marking of the tracks thereby becomes very obvious and clearly show how it disturbs the 

ground surface within an area. Naturally, the study site has patches of greenness randomly 

distributed all over and with mosses thriving along the ice wedges. Instead, the tracks pass 

through this landscape like a big scare which is believed to never fully recover. This is 

acknowledged by the fact that the old track is still very visible in all maps, even though years 

have passed since it was last used. The GCC map further confirms the study by Kevan et al. 

(1995), that even the slightest disturbance reduces short-rooted vegetation from the surface 

ground.  
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4.4 Comparison between UAV and Field data 

To answer the question regarding if the UAV-based results found in this study could be used 

to assess biodiversity and vegetation cover instead of in-situ field-inventories, a correlation 

analysis was performed. That way it gave clear answers to how well the UAV-data 

corresponded to the field-based data and would in turn indicate how efficiently UAV could 

be used in this type of study area and landscape.  

4.4.1 Vegetation cover 

The correlation analysis provided good relationships between the two data sets on vegetation 

cover (see Figure 3.11 and 3.12). The weakest correlation is found for lichen (R2 = 0.68) and 

the highest for moss (R2 = 0.74). The data points for bare ground is very scattered in Figure 

3.12b and show a distinct poor correlation for sampling site 2. It is believed that this sampling 

site is the most sensitive to the slightest geographic mismatch between the UAV- and field 

data’s sampling plots, because of the very patchy vegetation. For example, can one type of 

vegetation grow very abundantly in one plot but if moved slightly to the left or right, it could 

suddenly be 50 percent less frequent. This could have created the larger errors seen in this 

comparison. The locations of the sampling plots when projected into the UAV image’s 

coordinate system, were not spot-on to the in-situ plots and could in some cases differ half-a-

meter. The vegetation at sampling site 2 is further strongly influenced by both the disturbance 

from the adjacent frequently used track as well as the crossing and parallel ice wedges, thus 

cause large vegetation differences when moving the sampling plots in any direction.  

The plot mismatch might, additionally, explain the overall underrepresented bare ground 

cover in the UAV data (- 12 %), seen in Table 3.8 which describes the vegetation cover 

percentages seen in the vegetation map in Figure 3.8. The table further shows a distinct 

overrepresentation of grass (+ 7 %, overall) compared to the field-based inventory. The GCC 

map is not based on co-located sampling plots, and thereby show the true nature of the green 

vegetation distribution. It argues for that the GCC better describes the vegetation cover in this 

case, however is overall not as precise and specific as an object-based supervised classification 

map on vegetation types. 

Table 3.8 show that the UAV-based predicted data found 13 percent higher occurrence of 

grass than real estimations in the field-based inventory (see Table 3.3). Additionally, it shows 

that lichen covered a 17 percent smaller area along the old track. Since lichen (and bare 

ground) are less green than grass, it most likely explains the different findings in the two maps. 

Moss were best presented compared to real findings which also was shown by having the 

strongest correlation (see Figure 3.11b).   

Future studies, in areas where highly accurate GPS measurements cannot be obtained, should 

be more careful when placing out sampling plots so that any type of markings are clearly seen 

by the UAV camera, allowing easier co-location of field plots and UAV data. It should 

improve this type of analysis significantly. Furthermore, the comparison shows tendencies of 

UAV-based data being well correlated with field-based inventories and contribute with 

advantages when looking at landscape changes and greenness patterns within a smaller area.  
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4.4.2 Vegetation greenness and genera richness 

Comparing the UAV-derived GCC coefficient of variation (CV) of each field plots gave a 

correlation of 54 percent with the biodiversity’s standard deviation, which are seen as an 

acceptably strong relationship. However, the same applies for this analysis as for the coverage 

in section 4.4.1. The sampling sites were most likely not as precisely co-located as would have 

been desired.  

The correlation of the frequently used track seemed to correspond the best between the UAV- 

and field-based data. On the other hand, this track has less genera richness and vegetation data 

to compare between them which would be favourable. Overall, the correlation analysis gives 

a good visualisation that higher greenness indices indicate higher plant richness which was 

expected though field-based biodiversity inventories are still argued to be more accurate in 

comparison.  

Lastly it should be said that UAV analysis could be an effective tool, as Fraser et al. (2016) 

argues for, when estimating vegetation distribution within a smaller area, with more 

appropriate training data as support and better plot co-location. The assembling of vegetation 

data by in-situ inventories are time-consuming in comparison to UAV’s. Yet, the UAV flights 

must still occur on-site and be planned the same way a ground inventory would. Creating the 

UAV-based vegetation map through the object-based image analysis was a very time-

consuming process, requiring trial- and error iteration, which can be seen as a disadvantage. 

On the other hand, a DSM is easily produced, which gave great results for detecting surface 

changes and elevation levels. The orthomosaic gave a useful overview of the study site’s 

vegetation coverage, and the GCC was easily produced at pixel level. Future studies should 

repeat the UAV-analysis using infra-red (IR) images and calculate NDVI in addition to the 

GCC. It is believed that the NDVI would separate vegetation types better than the GCC index 

and possibly have a higher correlation (R2 > 0.74) with the field-inventory.  

As time was limited for this study, connecting the findings of the results to any larger extent 

with effects from eco-tourism was not possible, but should be considered in future studies. 

The increased bare ground along the frequently used track should have some impact on wild-

life in the area. It is believed that the water puddles could, in addition to suppressing oxygen 

for plants, freeze and make the few plants present, unavailable for the Svalbard reindeer and/or 

smaller rodents. The muddy clay would also make the track slippery and unreachable for 

larger time periods at the time, aggravating accessibility, forcing the vehicle to drive outside 

of the track, impacting larger surface areas. 
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5. Conclusion 

This thesis aimed to investigate if and how the vegetation at Kapp Linné, Svalbard, has 

potentially changed due to local human activities. The study site were located where a tractor 

had been driving once or twice a year between 1990 to 2019, which had created a distinct tyre-

track along a beach wall. On this study site the aim was to gain a better understanding of the 

vegetation distribution and genera richness in the disturbed area through field-based and 

UAV-based vegetation inventory.  

The affects from the tractor were proven to be extensive. It clearly showed how the tractor-

made track changed an otherwise flat ground surface by compressing the soil and removing 

the top layer vegetation. These effects contributed to a lower biodiversity, sparser vegetation 

cover and increased potential for accumulation of water. An increased driving on this type of 

permafrost surface would immensely increase this type of damage. In addition, it was seen 

that the vegetation cover or genera richness on the older track were not as severely affected. 

Though, had a similarly compressed surface as the frequently used track. Grasses had an 

advantage along the frequently used track, with less competition and therefore grew more 

generously there compared to normal conditions, while were very few along the old track 

which had a more variating flora. Green chromatic coordinates from the UAV orthomosaic, 

saw that both tracks were less green compared to the undisturbed surroundings. It is, in 

addition, possible from these results, to link projected greenness with observed biodiversity 

richness. A correlation analysis between the observed field-based inventory and the UAV-

based vegetation map corresponded well and argues for an advantage for using UAV 

imageries. There were however issues where the vegetation map tended to over-represent one 

type of vegetation which might have been due to a homogeneously coloured vegetation at the 

study site. Further studies should therefore be more furrow with co-locations of the sampling 

plots to potentially retrieve a stronger correlation between two data sets of this kind. As 

conclusion it can be said that increased driving on permafrost has affected the ground surface 

significantly. This was confirmed by the differences between the older- and the frequently 

used track for both plant frequencies and surface elevation. Finally, it proved that even the 

slightest disturbance in permafrost landscapes compresses the ground to lower elevations.  

 

 

 

 

 



 

48 
 

Acknowledgements 
Firstly, I would like to give a big thank you to both of my supervisors, Heather Reese and 

Veiko Lehsten, for supporting and guiding me during this year, as well as being patient with 

me during my struggles. I would also like to thank Jonas Åkerman and the excursion team on 

Svalbard in July 2019. A big thank you to Sven Magnusson, with wife, and to Dörte Lehsten, 

for keeping me safe during my daily field-work on Svalbard, as well as assisting with taking 

photos of me and my working process. I further like to thank my dad and everyone who helped 

me with statistics and matlab codes. Thank you, Simon Wassenius and Maria Livrell 

Klingberg, for all support, laughter and study company at the beginning of this thesis. Lastly, 

I want to thank my amazing boyfriend who always has been there for me. He has been a huge 

help with Arcmap and understanding instructions as well as lending me his new computer 

during this last half-year. I would not have made it this far without you and your 

encouragement.  

 

 

 

 

 

 

 

 

 

 

 

 



 

49 
 

References 
Agisoft. (2019a). Tutorial (Beginner level): Orthomosaic and DEM Generation with Agisoft 

PhotoScan Pro 1.3 (with Ground Control Points). Retrieved on 2019-10-08 from: 

https://www.agisoft.com/support/tutorials/beginner-level/ 

 

Agisoft. (2019b). Tutorial (Beginner level): Orthomosaic and DEM Generation with Agisoft 

PhotoScan Pro 1.3 (without Ground Control Points). Retrieved on 2019-10-08 from: 

https://www.agisoft.com/support/tutorials/beginner-level/ 

 

Assmann, J., Kerby, J., Cunliffe, A., & Myers-Smith, I. (2019). Vegetation monitoring using 

multispectral sensors--best practices and lessons learned from high latitudes. Journal of Unmanned 

Vehicle Systems, 7(1), 54-75. 

 

Bastien. M. (2019). How to use Leica Geo Office to process single GNSS point. Lund: University of 

Lund. 

 

Bickford, Nate, Smith, Lindsey, Bickford, Sonja, Bice, Matthew, & Ranglack, Dustin. (2017). 

Evaluating the Role of CSR and SLO in Ecotourism: Collaboration for Economic and Environmental 

Sustainability of Arctic Resources. Resources, 6(2), 21.  

 

Borcard, D., Gillet, F., & Legendre, P. (2018). Numerical Ecology with R (Use R!). Cham: Springer 

International Publishing. 

 

Bradter, U., Thom, T., Altringham, J., Kunin, W., & Benton, T. (2011). Prediction of National 

Vegetation Classification communities in the British uplands using environmental data at multiple 

spatial scales, aerial images and the classifier random forest. Journal of Applied Ecology, 48(4), 

1057-1065. Retrieved May 23, 2020, from www.jstor.org/stable/20870033 

 

Castro, H., Lehsten, Lavorel, & Freitas. (2010). Functional response traits in relation to land use 

change in the Montado. Agriculture, Ecosystems and Environment, 137(1-2), 183-191. 

 

Cooper, E. (2011). Polar desert vegetation and plant recruitment in murchisonfjord, nordaustlandet, 

svalbard. Geografiska Annaler: Series A, Physical Geography, 93(4), 243-252. 

 

Corcoran, J.M.; Knight, J.F.; Gallant, A.L. Influence of Multi-Source and Multi-Temporal Remotely 

Sensed and Ancillary Data on the Accuracy of Random Forest Classification of Wetlands in 

Northern Minnesota. Remote Sens. 2013, 5, 3212-3238. 

 

Feng, Q., Liu, J., & Gong, J. (2015). UAV Remote Sensing for Urban Vegetation Mapping Using 

Random Forest and Texture Analysis. Remote Sensing, 7(1), 1074-1094. 

 

Fraser, R., Olthof, I., Lantz, T., & Schmitt, C. (2016). UAV Photogrammetry for Mapping 

Vegetation in the Low-Arctic. Arctic Science, 2016-0008. 

 

Gabarrón, M., Faz, A., & Acosta, J. (2018). Use of multivariable and redundancy analysis to assess 

the behavior of metals and arsenic in urban soil and road dust affected by metallic mining as a base for 

risk assessment. Journal of Environmental Management, 206, 192-201. 

 

Hothorn, T., Hornik, K., Van de Wiel, M., & Zeileis, A. (2006). A Lego System for Conditional 

Inference. The American Statistician, 60(3), 257-263. 

 

https://www.agisoft.com/support/tutorials/beginner-level/
https://www.agisoft.com/support/tutorials/beginner-level/
http://www.jstor.org/stable/20870033


 

50 
 

Huntington, H., Boyle, P., Flowers, M., Weatherly, G., Hamilton, E., Hinzman, J., . . . Overpeck, L. 

(2007). The influence of human activity in the Arctic on climate and climate impacts. Climatic 

Change, 82(1-2), 77-92. 

 

Husson, E., Ecke, F., and Reese, H. 2016. Comparison of manual mapping and automated object-

based image analysis of non-submerged aquatic vegetation from very-high-resolution UAS images. 

Remote Sensing, Vol. 8 (9): Article Nr. 724. 

 

IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III 

to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing 

Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp. 

 

Jari Oksanen, F. Guillaume Blanchet, Michael Friendly, Roeland Kindt, Pierre Legendre, Dan 

McGlinn, Peter R. Minchin, R. B. O’Hara, Gavin L. Simpson, Peter Solymos, M. Henry H. Stevens, 

Eduard Szoecs and Helene Wagner (2016). vegan: Community Ecology Package. R package version 

2.4-1. https://CRAN.R-project.org/package=vegan 

 

Karami, M., Westergaard-Nielsen, A., Normand, S., Treier, U., Elberling, B., & Hansen, B. (2018). 

A phenology-based approach to the classification of Arctic tundra ecosystems in Greenland. ISPRS 

Journal of Photogrammetry and Remote Sensing, 146, 518-529. 

 

Karlsen, S., Elvebakk, A., Høgda, K., & Grydeland, T. (2014). Spatial and Temporal Variability in 

the Onset of the Growing Season on Svalbard, Arctic Norway - Measured by MODIS-NDVI 

Satellite Data. Remote Sensing, 6(9), 8088-8106. 

 

Kevan, P., Forbes, B., Kevan, S., & Behan-Pelletier, V. (1995). Vehicle Tracks on High Arctic 

Tundra: Their Effects on the Soil, Vegetation, and Soil Arthropods. Journal of Applied Ecology, 

32(3), 655-667. doi:10.2307/2404660  

 

Kinugasa, T., & Oda, S. (2014). Effects of vehicle track formation on soil seed banks in grasslands 

with different vegetation in the Mongolian steppe. Ecological Engineering, 67, 112-118. 

 

Kobryn, H., Beckley, L., Cramer, V., & Newsome, D. (2017). An assessment of coastal land cover 

and off-road vehicle tracks adjacent to Ningaloo Marine Park, north-western Australia. Ocean and 

Coastal Management, 145, 94-105. 

 

Koucká, L., Kopačková, V., Fárová, K., & Gojda, M. (2018). UAV Mapping of an Archaeological 

Site Using RGB and NIR High-Resolution Data. Proceedings, 2(7), 351. 

 

Legendre, P., Galzin, R., & Harmelin-Vivien, M. (1997). Relating Behavior to Habitat: Solutions to 

the Fourth-corner Problem. Ecology, 78(2), 547-562. doi:10.2307/2266029 

 

Legendre. P.. & Legendre. L. (1998). Numerical ecology. Retrieved from https://ebookcentral-

proquest-com.ezproxy.ub.gu.se 

 

Lehsten, V., Harmand, P., & Kleyer, M. (2009). Fourth-corner generation of plant functional response 

groups. Environmental and Ecological Statistics, 16(4), 561-584. 

 

Leica Geosystems. (n.d.).  Leica Geo Office Online Help. Switzerland: Hexagon 

 

Li, S., Tsujimura, M., Sugimoto, A., Davaa, G., & Sugita, M. (2006). Natural recovery of steppe 

vegetation on vehicle tracks in central Mongolia. Journal of Biosciences, 31(1), 85-93. 

 

Liaw, A., & Wiener, M. (2002). Classification and regression by randomForest. R news, 2(3), 18-22. 

 

https://cran.r-project.org/package=vegan
https://ebookcentral-proquest-com.ezproxy.ub.gu.se/
https://ebookcentral-proquest-com.ezproxy.ub.gu.se/


 

51 
 

Lode, M., & Veastad, J. (1994). NORSAT - Isfjord - a satellite station in the wilderness. 

Telektronikk, 90(3), 14-17. 

Mayhew, S. (2015a). Ecotourism. A Dictionary of Geography, A Dictionary of Geography. 

 

Mayhew, S., (2015b). Permafrost. A Dictionary of Geography, pp.A Dictionary of Geography 

 

Mayhew, S., (2015c). Active layer. A Dictionary of Geography, pp.A Dictionary of Geography 

 

Mossberg, B., & Stenberg, L. (2017). Fjällflora; Sverige, Finland, Norge, Svalbard. Wahlström & 

Widstrand 

 

Pedersen, C., & Post, Eric. (2010). The Response of Arctic Vegetation to Climate Warming in an 

Ungulate Grazing System, ProQuest Dissertations and Theses. 

 

Regeringsbeslut. 2001/79. Svalbard Environmental Protection Act. Retrieved from: 

https://www.regjeringen.no/en/dokumenter/svalbard-environmental-protection-act/id173945/  

 

Runnström, M.C.; Ólafsdóttir, R.; Blanke, J.; Berlin, B. Image Analysis to Monitor Experimental 

Trampling and Vegetation Recovery in Icelandic Plant Communities. Environments 2019, 6, 99. 

 

Stange, R. (2018). Guidebook Spitsbergen Svalbard. Polar books 

 

Stefanon, M., Schindler, S., Drobinski, P., De Noblet-Ducoudre, N., & D'Andrea, F. (2014). 

Simulating the effect of anthropogenic vegetation land cover on heatwave temperatures over central 

France. Climate Research, 60(2), 133-146. 

 

Tømmervik, H., Johansen, B., Høgda, K., & Strann, K. (2012). High‐resolution satellite imagery for 

detection of tracks and vegetation damage caused by all‐terrain vehicles (ATVs) in Northern 

Norway. Land Degradation & Development, 23(1), 43-52. 

 

Walker, D. A., Raynolds, M. K., Daniëls, F. J., Einarsson, E. , Elvebakk, A. , Gould, W. A., Katenin, 

A. E., Kholod, S. S., Markon, C. J., Melnikov, E. S., Moskalenko, N. G., Talbot, S. S., Yurtsev, B. 

A. and The other members of the CAVM Team, (2005), The Circumpolar Arctic vegetation map. 

Journal of Vegetation Science, 16: 267-282. doi:10.1111/j.1654-1103.2005.tb02365.x 

 

Wojcik, R., Palmtag, J., Hugelius, G., Weiss, N., Kuhry. P. (2019) Land cover and landform-based 

upscaling of soil organic carbon stocks on the Brøgger Peninsula, Svalbard. Arctic, Antarctic, and 

Alpine Research 51:1, pages 40-57. 

 

Zhang, X., Chen, G., Wang, W., Wang, Q., & Dai, F. (2017). Object-Based Land-Cover Supervised 

Classification for Very-High-Resolution UAV Images Using Stacked Denoising 

Autoencoders. IEEE Journal of Selected Topics in Applied Earth Observations and Remote 

Sensing, 10(7), 3373-3385. 

 

https://www.regjeringen.no/en/dokumenter/svalbard-environmental-protection-act/id173945/
https://doi-org.ezproxy.ub.gu.se/10.1111/j.1654-1103.2005.tb02365.x
https://www-tandfonline-com.ezproxy.ub.gu.se/doi/abs/10.1080/15230430.2019.1570784
https://www-tandfonline-com.ezproxy.ub.gu.se/doi/abs/10.1080/15230430.2019.1570784


 

1 
 

Appendix 
Table A.1. Genus abundance frequencies along the four sampling sites. Describes how many quadrants 
(max 25) in each frame plot (n=217) that holds a plant for each genus. The total number of quadrants 
in each frame that included a genus plant have been summed and divided by the total number of 
frames to give an average of present genus per frame at each sampling site.  

Genus 
number 

Sampling sites 

1 2 3 4 

1 0 0.209 0.224 0.913 
2 0 0.015 0.017 0 
3 0.304 1.99 0.293 0.435 
4 0.065 0.119 0.138 0 
5 0 0.373 0.0520 0.435 
6 0.109 0.194 0.0340 0 
7 0.130 0.0450 2.26 1.72 
8 0 0 0.207 0.20 
9 0 0.0450 0.0350 0 

10 0 0.537 0.0860 0.0430 
11 0.304 5.28 22.2 22.1 
12 0.152 1.79 0.707 1.46 
13 0.022 0.209 0.103 0.0870 
14 0.152 0.343 2.48 0.891 
15 0 0.179 0 0 
16 11.9 17.3 14.8 13.8 
17 1.98 18.8 19.6 22.8 
18 5.52 15.9 3.52 6.74 
19 0.0430 4.31 11.7 13.7 
20 0 0.746 4.35 9.15 
21 0 0 0.0350 0 
22 0 14.8 20.4 21.9 
23 0 0.194 0.466 1.26 
24 0.304 0 0.0170 0 
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Table A.2. Study site’s description of present genus, environmental factors and PFTs at each sampling plot and 
site. Table A presents the abundant genus at each sampling site and the number of total genus found on each 
site. Table B shows the number of sampling plots connected to each sampling site for both disturbed (1 and 4) 
and undisturbed areas (2 and 3). 1 for included plots and 0 for absent. Table C Describes the type of growth 
form each genus possesses; herb, shrub, grass, moss and lichen. 1 for possess and 0 where it does not belong.  

Table A. Present genus at each sampling site  Table B. Environment factors  

Genus 
Sampling sites  

Plots 
Sampling sites  

1 2 3 4  1 2 3 4  

1 0 1 1 1  1.1 - 1.46 1 0 0 0  

2 0 1 1 0  2.1 - 2.67 0 1 0 0  

3 1 1 1 1  3.1 - 3.58 0 0 1 0  

4 1 1 1 0  4.1 - 4.46 0 0 0 1  

5 0 1 1 1        

6 1 1 1 0  Table C. Plant Functional Types – growth form 

7 1 1 1 1  Genus Herb Shrub Grass Moss Lichen 

8 0 0 1 1  1 1 0 0 0 0 

9 0 1 1 0  2 1 0 0 0 0 

10 0 1 1 1  3 1 0 0 0 0 

11 1 1 1 1  4 1 0 0 0 0 

12 1 1 1 1  5 1 0 0 0 0 

13 1 1 1 1  6 1 0 0 0 0 

14 1 1 1 1  7 1 0 0 0 0 

15 0 1 0 0  8 1 0 0 0 0 

16 1 1 1 1  9 1 0 0 0 0 

17 1 1 1 1  10 1 0 0 0 0 

18 1 1 1 1  11 0 1 0 0 0 

19 0 1 1 1  12 1 0 0 0 0 

20 0 1 1 1  13 1 0 0 0 0 

21 0 0 1 0  14 1 0 0 0 0 

22 0 1 1 1  15 1 0 0 0 0 

23 1 1 1 1  16 0 0 1 0 0 

24 0 1 1 0  17 1 0 0 0 0 

Total genus 12 22 23 17 
 18 1 0 0 0 0 

 19 0 0 0 1 0 

      20 1 0 0 0 0 

      21 0 0 0 1 0 

      22 0 0 0 0 1 

      23 1 0 0 0 0 

      24 0 1 0 0 0 
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Table A.3. Measured distances (m) between the GCPs at the study site. Was used to calculate the 
GPS-coordinate points in Table 2.3 using equation 1.  

GCP1 GCP2 Distance (m)  GCP1 GCP2 Distance (m) 

1 2 19.80  3 8 10.38 

1 3 27.77  3 9 23.93 

1 4 20.00  3 10 8.73 

1 5 14.62  3 11 14.37 

1 6 8.40  3 12 10.38 

1 7 14.00  4 5 13.51 

1 8 10.89  4 6 19.70 

1 9 21.92  4 7 15.37 

1 10 15.45  4 8 19.75 

1 11 20.09  4 10 14.46 

1 12 22.14  4 11 8.26 

2 3 20.35  4 12 10.28 

2 4 29.35  5 6 10.61 

2 5 15.14  5 7 5.10 

2 6 16.34  5 8 7.93 

2 7 10.52  5 9 10.61 

2 8 21.03  5 10 6.20 

2 9 9.28  5 11 5.92 

2 10 21.10  5 12 9.62 

2 11 17.66  6 9 15.14 

2 12 23.11  6 11 11.99 

3 4 20.38  9 10 15.64 

3 5 14.55  9 11 10.26 

3 6 15.36  9 12 15.77 

3 7 19.13     
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Table A.4. Table of p-values from the randomized abundance-mean tests between site 1, 2, 3 and 4. 
The Bonferroni-Holm p-value is also shown where a significant difference in mean-abundance (p<0.05) 
represented by 1 and 0 where it is non-significant (p>0.05). Mean difference represents the difference 
in abundance of genus per sampling site between the sites’ observed frequency mean. 
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Table A.5. Table of p-values from the randomized abundance-mean tests for grass, moss and lichen 
between site 1, 2, 3 and 4. The Bonferroni-Holm p-value is also shown where a significant difference 
in mean-abundance (p<0.05) represented by 1 and 0 where it is non-significant (p>0.05). Mean 
difference represents the difference in abundance of genus per sampling site between the sites’ 
observed frequency mean. 

 Site 1 & 2 Site 1 & 3 Site 1 & 4 

Mean- 
difference 

 

p- 
value 

Bonferroni – 
Holm 

Mean- 
difference 

p- 
value 

Bonferroni – 
Holm 

Mean- 
difference 

p-value Bonferroni – 
Holm 

Grass 2.95 0.99 0 0.978 0.93 0 5.50 0.99 0 

Moss 17.6 0.99 0 20.8 0.99 0 16.8 0.99 0 

Lichen 20.4 1.0 0 20.9 1.0 0 14.8 1.0 0 

 
 
 
Table A.6. Table on overall accuracy achieved by previous published articles on vegetation classification 
based on UAV images in different parts of the world.  

Article reference Overall accuracy (%) Vegetation subclasses Vegetation, Country 

Zhang, Chen, Wang, 
Wang & Dai (2017) 

97 5 China 

Corcoran, Knight & 
Gallant (2013) 

85 3 Northern Minnesota, US 

Bradter, Thom, 
Altringham, Kunin & 

Benton, (2011) 
87 – 92 24 Northern England 

Reid & Quarmby (2000) 77 8 Scotland 

Karami et al. (2018) 89 7 Greenland 

Chapman, Bonn, Kunin & 
Cornel (2010) 

95 7 England 

 


