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Abstract: Monitoring lichen-rich vegetation types in central and northern Norway during the last decades has revealed a significant
decrease of lichen cover over space and time. The possible reason for such a sharp decline could be the simultaneously increasing
populations of reindeer. Despite this ongoing development, litfle knowledge exists about the extent and development of lichen cover
in southern Norway. Our research presents a multi-scale approach for mapping lichen cover, aiming af deducing accurate spatial
information on lichen cover and change to improve understanding of reindeerlichen interactions and knowledge about state and
condition of lichen cover in southern Norway. The multitesolution analysis is based on very highresolution field data (0.3 m) and
aerial photos (0.5 m), high-resolution Landsat satellite imagery (30 m) and medium-resolution MODIS datasets (250 m; 500 m).
Field data of two study areas in southern Norway was used for method calibration and validation. We applied a non-parametric
Random Forest regression trees approach for multi-scale mapping of lichen cover. Further, we conducted Normalized Differenced
Vegefation Index [NDVI] time series analysis, based on MODIS NDVI datasets (250 m). Mann-Kendall non-parametric frend fest
defected significant frends in vegetation change. Hotspots of lichen cover were overlaid with NDVI trends. During the first up-scaling
to the resolution of the aerial photos (0.5 m) the Random Forest regression model showed R2 of 0.51 and a Mean Square Error
(MSE) of 0.04. Up-scaling fo landsat data (30 m) displayed R2 of 0.7 and a MSE of < 0.01. Further up-scaling to MODIS level
(500 m) showed R? of 0.86 and a MSE of < 0.01. Classification of the resulting prediction map displayed 15.6% of the area as
covered by lichens by less than 20% and 7.6% of the area is covered by lichen by more than 40%. Mann-Kendall test revealed that
19.3% of the area in which lichen vegetation is expected, show significant negative vegetation trends. Significant positive vegeta-
tion frends appeared in 5% of the area. Overlapping NDVI trends with predicted lichen vegetation structures show increasing veg-
efafion trends as occurring parallel to >40% predicted lichen vegetation per pixel in 19.4% of the area, majorly on higher elevations.
The multi-scale approach, as applied in this study, allowed mapping lichen cover at multiple spatial scales. This approach has the
potential to monitor vegetation cover not only in arcticalpine but also in other landscapes.
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KARTIERUNG DER FLECHTENBEDECKUNG IN SUDNORWEGEN -
EINE FERNERKUNDUNGS- UND GIS-BASIERTE ANALYSE

Zusammenfassung: Wéhrend der letzten Jahrzehnte konnte eine starke Abnahme von Flechtenvegetation in Zentral- und Nordnor-
wegen verzeichnet werden. Maglicher Grund fir diesen Rickgang sind die gleichzeitig ansteigenden Rentierpopulationen. Im Ge-
gensatz zu dem Trend in Zentral- und Nordnorwegen existiert wenig Wissen ber Zustand und Entwicklung flechtenreicher Vegeto-
tion in Sudnorwegen. Unser Ansatz présentiert eine multiskalare Analyse zur Kartierung von Flechtenbewuchs in Sudnorwegen,
abzielend auf ein besseres Versténdnis komplexer Interaktionen zwischen Rentieren und Flechten. Die Analyse basiert auf sehr hoch
aufgelésten Felddaten (0.3 m) und Luftbildern (0.5 m), hoch aufgelésten Landsat-Satellitenbildern (30 m) sowie MODIS-Datensétzen
(250 m, 500 m). Felddaten aus zwei Untersuchungsgebieten in Sidnorwegen dienen der Kalibrierung und Validierung der Metho-
de. Die multiskalare Kartierung von Flechtenvegetation erfolgt mittels nichtparametrischer Random-Forest-Regressionsbéume. Eine
NDVI-Zeitreihenanalyse, basierend auf MODIS-Datensétzen (250 m), sowie ein nichtparametrischer Mann-Kendall-Test erviert signi-
fikante NDVI-Trends. Hotspots von Flechtenvegetation werden mit NDVI-Trends Gberlagert. Wahrend der ersten Hochskalierung auf
die Auflésung der Luftbilder (0.5 m) zeigte das Random-ForestRegressionsmodell ein R? von 0.51 und eine mitflere quadratische
Abweichung (MSE) von 0.04. Die Hochskalierung zu landsat (30 m) gab ein R? von 0.7 und einen MSE von < 0.01 wieder.
Hochskalieren auf die Auflésung von MODIS (500 m) prasentierte ein R? von 0.86 und einen MSE von < 0.01. Die Klassifizierung
der daraus resultierenden Prognosekarte visualisierte 15.6% der Flache als weniger als 20% von Flechten bedeckt und 7.6% der
Flache zu mehr als 40% von Flechten bedeckt. Der Mann-Kendall-Test prasentierte fur 19.3 % der Flache, in welcher Flechtenvege-
fation angenommen werden kann, signifikant negative Vegefationstrends. Signifikant positive Vegetationstrends trafen in 5% der
Flche auf. Sich iberlagernde positive NDVI-Trends und prognostizierte Flechtenvegetation in tber 40% der Fléche sind in 19.4%
des Untersuchungsgebiets zu verzeichnen. Der multiskalare Ansatz dieser Studie erlaubte die Kartierung von Flechtenvegetation auf
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verschiedenen rgumlichen Skalen. Mit dem vorgestellten Ansatz kénnen potenziell auch andere Landschaften auf verschiedenen

Mafstabsebenen kartiert werden.

Schlisselwsrter: Random-ForestRegression, Mann-Kendall, arktisch-alpine Vegetation, Flechten, Rentiere
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1 Introduction

Reindeer herding is a form of land use in
Fennoscandia, taking up about 40% of the
total land area (Tyler et al. 2007). Reindeer
(Rangifer tarandus] have a high signifi-
cance in Norway, ecologically as well as
culturally and economically (Pape & Loffler

2012). Further, reindeer husbandry is
strongly integrated into the socio-cultural
identity of the Sami, the indigenous people
inhabiting arctic areas of Finland, Norway,
Sweden and Russia. Also, it is an important
branch of the Scandinavian economy.
Availability of wellconditioned ranges af-

fects body weight, calf production and mor-
fality of wild and (semi-Jdomesticated rein-
deer. To meet demands, such as survival,
reproduction and nufrition, the animals rely
on the access to natural pastures (Pope &
Loffler 2015). Being an important fodder
resource during winter, the quantity and

Daio | Spafial Resaliion Doe Rk

Field Data Filefiell 0.3 m
Field Dafa Vaga 0.3m
Norge i Bilder 0.5m
Landsat 30m
[4-5TM

MODIS 500 m
MODOQAI

MODIS 250 m
MOD13Q1

Table 1: Data types used for the mulfiscale analysis

August, 2010

July/August, 2010

Hedmark Nord 2009

Sogn 2010
05.09.2010

29.08.2010

01.07.2000 -
01.09.2016

Input Data for random forest
regression

Input Data for random forest
regression

Upscale

Upscale

Upscale

NDVI Trend Analysis
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Lichen Cover Mapping: The General Approach
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Figure 1: lichen cover mapping in Southern Norway: The general approach

quality of lichen mats is, therefore, very im-
portant, economically as well as environ-
mentally (Kumpula et al. 2000). Reported-
ly, lichen cover declined strongly across
northern Norway during the last decades
[e.g. Johansen & Karlsen 2005, Kumpula
2001). Many studies relate this frend to the
simultaneously increasing populations  of
reindeer for this development [e.g. Kumpu-
la et al. 2000, Bernes et al. 2015). In-
creasing reindeer sfock sizes are assumed
fo jeopardize the satisfaction of the animal’s
needs.
ances in reproduction and mortality and
also slaughtering every year might weaken
these threads, but statistics show a distinct
increase in reindeer numbers since the
1940s (Bernes et al. 2015). Nowadays,
approximately 250.000 herd animals live
in Norway, the maijority of them in Finnmark
(Statsministerens Kontor 2015). According
to Johansen & Karlsen (2005 lichen occur-

Natural fluctuations due to vari-
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rence within reindeer districts in Finnmark
among 1973 and 2000 has declined
from more than 30% fo less than 7% within
winter districts and from more than 15% to
less than 1% within spring and autumn dis-
fricts. Traditionally reindeer herding in Finn-
mark has been managed in balance with
the availability of natural resources, but
management changed to being more profit-

orienfated (Johansen & Karlsen 2005). To-

day, increasing population sizes are seen
as an environmental problem with potential
cascade effects. Migrations between sum-
mer and winfer pastures can be a tool to
give the fragile pastures the chance fo re-
cover. Herders are trying to avoid lichen-
rich areas during the drier summer to pro-
tect them from damages (Rees et al. 2008).

Despite the ongoing development in
northern Norway, litlle knowledge exists

Vaga and Filefjell (2010)

Norge i Bilder R2
MSE

landsat R2
MSE

MODIS R2
MSE

0.51
0.04
0.70
0.01
0.86
<0.01

Table 2: R? and MSE of RF regression for Norge i Bilder, Landsat and MODIS for 2010



about the extent and development of lichen
cover in southern Norway. The analysis of
the state and condition of lichen cover is
supposed to reveal new information about
the relationship between pasturing and the
decline of lichen cover and bring about
new knowledge regarding the situation nof
only in northern, but also in southern Nor-
way. Our research presents a multiscale
approach for mapping lichen cover, aim-
ing at derivation of accurate spatial infor-
mation on lichen cover and cover change
fo improve understanding of reindeerli-
chen interactions and knowledge about
state and condition of lichen cover in south-
emn Norway. The study is based on field
data recorded in two different study areas
as well as on different types of remote sens-
ing data. Accordingly, the following re-
search questions arise:

» Does the stafe of lichen cover in south-
ern Norway differ from the one in north-
ern Norway and how is reindeer herd-
ing correlated with this situation@

P Are remote sensing and GIS techniques
appropriate tools for mapping lichen
cover in arcfic-alpine ecosystems?
Whilst reindeer stock sizes in northern

Norway multiplied within the last decades,

reindeer population sizes in southern Nor-

way have been more stable. Referring to
less mechanical damage by trampling and
grazing, we expect the fragile lichen veg-
efation in Southern Norway to be less
threatened compared fo the one in North-
Norway.

2 STUDY AREA

We base our analysis on field data from
two study areas, both located in southern
Norway. For a better understanding of the
impact of reindeer grazing on lichen veg-
etation, we chose two areas with different
grazing intensiies: One ungrazed  site
(V&gd) and one site grazed by reindeer
(Filefiell). V&ga covers an area of approxi-
mately 420 km? and is located within the
low alpine belt of southern Norway, show-
ing mountainous topography. The continen-
fal climate of this region leads fo low an-
nual precipifation of about 300 = 650 mm
in the valleys. Environmental factors such
as soil types, evapotranspiration, snow ac-
cumulation or insulation differ along fine-
scale topographical gradients, resulting in
locally varying vegetation types (L&ffler
2004). Filefiell Reinlag is the southernmost

reindeer husbandry unit in Norway with
ranges covering an area of approximately
2,000 km?2 (Reindriftsforvaltningen 2016).
Reindeer ranges are distinguished between
summer pastures and  winter pastures.
Herds mainly follow natural seasonal mi-
gration patterns, changing their grazing
grounds from summer to winter ranges
(Benjaminsen et al. 2015). Whilst the sum-
mer pasiures are located within the north-
western part of Filefiell Reinlag at high ele-
vations around 740 and 1,978 m above
sea level, winfer pastures can be found in
the southeastern part at low elevations be-
tween 140 and 1,290 m above sea level
(Pape & Loffler 2015). A closer look at the
development of the reindeer population
size during the last decade reveals that the
number of reindeer has been stable af
about 3,000 animals, ranging from a min-
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imum of 2,899 animals in 2006,/07 up to
a maximum of 3,424 animals in
2013/14. In the following seasons the
number of animals decreased slightly down
to 3,182 animals in 2015/ 16 (Reindrifts-
forvalingen 2016).

3 MATERIAL AND METHODS

3.1 DATA

Published research on reindeerdichen inter-
actions shows that remote sensing tech-
niques are appropriate tools for detecting
land cover change (e.g. Falldorf et al.
2014, Théau & Duguay 2004, MAS
1999, Tommervik & Lauknes 1987). Field
data for Vagd was collected during July
and August 2010, field data for Filefiell
during August 2010. The plots themselves
are chosen as representatives for the local-

Prediction of Lichen Vegetation
Norge | Bilder (0.5 m)

a) Vaga

G61°54.0N
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Figure 2: Prediction of Lichen Vegefation based on 2010 field data for V8gd in southern Norway. Up-

scaling from resolution of field data (0.3 m) fo resolution of Norge i Bilder data (0.5 m) using RF regres-

sion, a machine learning approach programmed in R. Percentage area covered with lichen vegetation

per pixel is visualized.
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ly varying characteristics of the V&gé and
Filefiell area. The “PointIntercept Method”
was used for the acquisition of this dafa.
Within a sampling plot with a fixed grid
pattern of 30x30 cm size, 30 pins are in-
serfed vertically, one through each grid
point. At each pin-point the species, vege-
fation type or ground cover which infersect
the point are recorded as hits. Information
about 114 sampling plofs in V&gd and
about 65 sampling plots in Filefiell is avail
able. Exact coordinates (UTM Zone 32N)
and elevation are given for each of these
sampling plots. Within these plofs all plant
species are identified and further organ-
ized info categories. Plant species are
therefore categorized as deciduous woody
plants, evergreen woody plants, herbo-
ceous plants, grasslike plants, mosses, |i-
chens or lycophytes. lichen cover in % was
calculated using the following equation:

lichen cover (in %) = (#hits lichen species +
total #points) - 100

Additionally, three different levels of remote
sensing dafa are used. “Norge i Bilder” is
a venture realized in collaboration be-
tween the Norwegian Road Administra-
tion, the Norwegian Institute for Bioecono-
my (NIBIO) and the Norwegian Mapping
Authority (Norge i Bilder 2017). The web-
site offers orthophotos of Norway from a
wide range of different projects for digital
download. Further, Landsat and MODIS
files are used for up-scaling. Table 1 lists all
types of data, which are used in the analy-
sis. To ensure best comparability between
datasets we took remote sensing data that
were faken as close as possible fo the ac-
quisition date of the field data. Field data
as well as the remote sensing datasets are
processed within QGIS (Quantum GIS De-
velopment Team 2017), ArcMap (ESRI
2017) and ENVI (Exelis Visual Information
Solutions 2017). All data is then further cal-
culated in R (R Core Team 2017). To con-
duct an NDVI time series analysis, numer-
ous NDVI datasets are needed. To include
only as uniformly distributed data as possi-
ble, all datasets between the 1¢ of July and
the 30" of September for 2000 — 2016
were faken info account. MODIS safellites
derive one dataset every 1 -2 days with a
re-visit every 16 days.

landsat data was downloaded via
USGS  Global

Visualisation  Viewer
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Prediction of Lichen Vegetation
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Figure 3: Prediction of Lichen Vegetation for Végd based on 2010 field data from two study areas (a)

V&g and b) Filefiell] in southern Norway. Up-scaling from resolution of Norge i Bilder (0.5 m) to resolu-

tion of landsat data (30 m) using RF regression, a machine leaming approach programmed in R. Percent-

age area covered with lichen vegetation per pixel is visualized.

(GLOVIS). Regarding the acquisition dates
of the other datasets, Llandsat satellite im-
agery was chosen which was nearest to
the acquisition dates of the other remote
sensing and field dafasets. Due to a mini-
mum amount of cloud cover and other
disturbances within the image, landsat
L4-5 TM satellite imagery, dated in Sep-
tember 2010 was picked. Minimum cloud
and snow cover are needed for minimiz-
ing disturbances and misclassifications.
Pre-processing of the data further aimed af
minimizing disturbances and  ensuring
comparability between different datasets.
Pre-processed data was then ready-to-use
as input data for the random forest regres-
sion model. Reprojection of the data using
CIS software ensured every input layer as
being geo-referenced based on the same
coordinate system. All input imageries
were reprojected to the UTM 32N coordi-

nate system. The red, green and blue
bands of Norge i Bilder images were
used to gather further information on the
structural properties of the land surface.
Based on these, focal means, standard
deviations and Visible Vegetfation Index
(WI) were calculated, to distinguish be-
tween vegetated and non-vegetfated sur
faces. Out of all seven bands, a layerstack
was created and transformed into a True
Color Composite (TCC). The data was
available as level 1T product (standard
ferrain correction; systematic radiometric
and geometric correction); hence atmos-
pheric correction of landsat imagery was
not needed. Via MRT Web Tool, MODIS
files were available as level 3 products
and consequently ready for use in GIS
software. Again, a layerstack of all bands
was created and displayed as True Color

Composite (TCC).



3.2 METHODS

We derived lichen cover maps using a mul-
fiscale analysis, based on a Random For-
est (RF) regression approach, with remote
sensing data and GIS. Random Forests are
a combination of various free predictors,
with each tree “depending on the values of
a random vector, sampled independently
and with the same distribution for all trees
in the forest” (Breiman 2001, p. 5). Within
this study, RF regression was used as a tool
fo detect lichen-ich vegetation types by in-
vestigating the percentage area covered
by lichen vegetation per pixel. The regres-
sion approach derived information of eve-
ry pixel and linked its spectral information
and values fo semantic information. Pro-
cessed field data, Norge i Bilder and re-
mote sensing data were used as input data
for the model. High-resolution field data
was used as training data for the model

and further aggregated fo the resolution of
Norge i Bilder images. Resulting from this,
the model provided lichen cover values
with 0.5 m resolution. The regression mod-
el was further applied to the second up-
scaling using Llandsat and to the third level
using MODIS products. Llichen cover (as
the dependent variable), was estimated by
means of multiple remote sensing metrics
(as independent variables). Test runs dis-
played increasing accuracy with increas-
ing ensemble size but stabilized at some
point af which around 500 frees were in-
cluded. Within the procedure of bagging,
an infemal validation (“outofbag”) on a
fraining set including 75% of the data sam-
ples was made. An external fest contained
the remaining 25% of the data samples.
For accuracy assessment of the validation,
R2 and Mean Standard Error [MSE) were
calculated for each up-scale. The random

Prediction of Lichen Vegetation
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Figure 4: Prediction of Lichen Vegetation for V8gd based on 2010 field data from two study areas (a)

V&g and b) Filefiell] in southern Norway. Up-scaling from resolution of Landsat (30 m) to resolution of

MODIS data (500 m) using RF regression, a machine learning approach programmed in R. Percentage

area covered with lichen vegetation per pixel is visualized.
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forest models were run with R 3.3.2
(R Core Team 2017) by using the package
randomForest (Liaw & Werner 2002) and
biganalytics ([Emerson & Kane 2016). Fig-
ure 1 displays the general approach for [i-
chen cover mapping in southern Norway
incrementally. Within the first step, all input
datasefs were pre-processed. Field data
was reprojected and Norge i Bilder data-
sefs were mosaicked and clipped to the ex-
fent of the study areas. Llayerstacks of all
bands of the landsat and MODIS tiles
were created and clipped. In the follow-
ing, a machine learning approach was
used to defect lichen-ich vegetation types
within the area of interest. A Random Forest
(RF) regression model for the first up-scale
from the resolution of field data (0.3 m) to
the spatial resolution of Norge i Bilder data
(0.5 m) was created. Information of the
field data was linked to the respective pixel
of the Norge i Bilder dafasef. Based on
this, a prediction map for the Norge i
Bilder dafaset, showing the percentage
area covered with lichen vegetation per
pixel was generated. The dataset was re-
sampled using bilinear inferpolation and a
RF regression model for the second up-
scale, based on pre-processed landsat sat-
ellite imagery, was created and applied.
The resulting dataset was resampled using
bilinear inferpolation again and linked to
the information of the pre-processed
MODIS tile. An RF regression model for the
last upscale from the resolution of Landsat
(30 m) to the resolution of MODIS (500 m)
was applied. A prediction map, showing
the percentage area covered with lichen
vegefation on MODIS level, digitized the
final output of the RF regression approach.

The Normalized Differenced Vegeto-
tion Index (NDVI) was calculated for a dis-
finct fime span, based on MODIS NDVI im-
agery. NDVI time series analysis over a
17-year period was programmed in R us-
ing the packages “timeSeries” (Rmetrics
Core Team et al. 2015) and “Kendall”
(Mcleod 2011). Time series of MODIS
NDVI with a spatial resolution of 250 m,
summed over the summer seasons of 2000
- 2016, were used fo derive vegetation
trends within the study area. Further, the
MannKendall test was applied to the pro-
cessed fime series fo defect significant
frends in the vegetation composition (tested
against an alpha-level of 0.1). The Mann-
Kendall trend test estimates the presence of
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a monotonic single direction trend in the
fime series and is often used in vegefation
studies (Tishaus et al. 2014). Kendalls Tau
statistic is shown by Tau, which ranges
from =1 to +1 and reflects the direction of
the trend. A steady negative frend would
be indicated by —1, whereas +1 would
display a consistent positive trend. A Tau
value of O would represent no trend. Fol-
lowing Johansen (2009), NDVI frend was
analyzed for all pixels in which lichen veg-
etation was recorded. Accordingly, pixels
not belonging fo classes “Exposed Ridge
Tops: Bedrock, Debris”, “Ridge Top:
Graminoids”, “Ridge Top: Dwarf Shrub
Dominated” and “lichen Heath” were
masked to minimize potential misclassifica-
tions. Finally, the prediction map for lichen
vegetation on MODIS level and the NDVI
vegetation frend map, were reclassified,
resampled and overlaid with each other,
aiming atf defecting hotspot areas of chang-
ing lichen vegetation.

4 RESULTS AND DISCUSSION

The prediction based on combined field
data of both study areas, revealed the best
results. Accuracy of these results is related
to two factors: The highest amount of
ground-ruth datfa, as well as the availabili-
ty of high resolution Norge i Bilder datasefs
(0.5 m). Table 2 lists the calculated R2s and
Mean Square Errors [MSE| for each model.
The model is run with 500 regression trees.
Our calculations showed that R? was in-
creasing with the number of frees used by
the model, while MSE was decreasing
concurrently. To validate the model and as-
sess its overall performance, field data
samples were randomly divided into train-
ing samples (75%) and validation samples
(25%). The validation results showed coher-
ence of the accuracy of the predicted data
and the scope of available field data.

The prediction maps, as the main out-
put of the RF regression, are visualized in
the following, taking Vagad as an example.
lichen vegetation with less than 20% is
shown by brownish patterns, beige pat
terns indicate pixels with 20 — 30% predict
ed lichen vegefation. Llight green patterns
show areas with 30-40% lichen cover
and dark green patterns refer fo more than
40% lichen vegetation. Figure 2 illusirates
the prediction of lichen vegetation for the
resolution of Norge i Bilder (0.5 m) for a)
Vagd. Figure 3 and Figure 4 show the pre-
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diction maps for a) Vagéd for the second
and third up-scale to the resolution of Land-
sat (30 m) and MODIS (500 m). Figure 5
images the prediction of lichen vegetation
for the resolution of MODIS satellite image-
ry (500 m) for the whole area of inferest.
Statistical evaluation of the prediction map
in Figure 5 on MODIS level showed a
maximum value of 52.9% lichen cover, a
minimum value of 17.2% lichen cover and
26.2% lichen cover as a mean value.
Standard deviation is 7.3%. The analysis
revealed the presence of lichen cover as
strongly correlated with the elevation of the
perspective area. Whereas in the valleys
lichen cover is mainly about 20— 30% per
pixel, lichen cover ascends up fo more
than 40% per pixel in higher elevations.
Visualized NDVI vegetation trends, for
pixels in which lichen vegetation is as-
sumed fo appear according to Johansen

(2009), are the main output of the NDVI
trend analysis based on the 2000 — 2016
time-series of 250 m resolution MODIS
vegefation indices. Figure 6 shows the
trends for lichen vegetation according to
the MannKendall correlation coefficient
Tau for V&gé in detail, whereas Figure 7 i-
lustrates MannKendall Tau for the whole
area of interest. Tau ranges from —1 fo +1
with values of —1 indicating confinual neg-
afive and values of +1 indicating stable
positive vegetation trends. Values of O indi-
cate no trend. The range of Mann-Kendall
Tau is shown by means of a gradient, bear-
ing from red, referring to low values to
green, showing high values. Spatial statis-
fics of the NDVI frends based on Mann-
Kendall Tou show negative vegetation
frends for 42.9% of the area and positive
vegetation trends for 56.1% of the area.
1.0% of the area shows no frend.

4'00.0E 8'000E

Prediction of Lichen
Vegetation
MODIS (500 m)

B4°00.0N

o 64'00.0N

4'000E
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Author: Silja Zimmermann
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Figure 5: Prediction of Lichen Vegetation based on 2010 field data from two siudy areas (a) Végd and
b) Filefiell] in southern Norway. Up-scaling to MODIS resolution (500 m) based on Norge | Bilder and

Landsat satellite imagery using RF regression, a machine learning regression approach programmed in R.

Percentage area covered with lichen vegetation per pixel is visualized.
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Figure 6: Lichen vegetation frend map for V8gd, based on 2000 — 2016 time-series of 250 m resolution

MODIS vegetation indices. Mann-Kendall Tau ranges from —1 to +1, indicating the respective negative

or positive vegetation trendls. Pixels in which lichen vegefation is assumed fo appear according to Johans-

en (2009) are shown.

Significant negafive vegetation frends
were defected within 19.3% of the area of
inferest, whereas only 5.0% of the area in-
dicates significant positive NDVI trends (Ta-
ble 3). A closer look at the study areas in
specific reveal only 0.2% significant nega-
five and 1.1% significant positive vegeta-
fion frends for Vaga. In the area of Filefjell,
0.6% significant negative and 2. 1% signifi-
cant posifive frends could be detected. In
comparison fo the situation in northern Nor-
way, lichen vegetation seems to be less af
fected by degradation in southern Nor-
way. The possible reason for such a situa-
fion in southern Norway might be more
stable reindeerlichen interactions. Where-
as reindeer stock sizes increased enor-
mously in northern Norway, reindeer popu-
lation sizes in southern Norway remained
stable, not leading to excessive damages
caused by grazing and trampling.

A high number of field data samples to
validate the underlying model, as well as
highresolution remote sensing data as @
first input dataset are highly relevant. The
quality of the models increases and uncer-
fainties decrease with the number of field
data samples used for calibration and with
the resolution of the remote sensing data on
the first remote sensing spatial scale. Field
data samples should further represent veg-
etation composition at all elevations. Con-
siderable information loss due to up-scaling
to coarser resolutions (MODIS 500 m) is
unavoidable and needs to be taken info
consideration. Misclassifications might ap-
pear within the time-series analysis of NDVI
vegetation frends as spectral reflectance of
plants and other types of land cover is influ-
enced by various factors. Even though Ii-
chens show high speciral separability, oth-
er forms of vegetation may produce NDVI
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values, which lead onto misinterprefations
(Petzold & Goward 1988). MODIS data-
sefs are only available since 2000. There-
fore, the time-series analysis in this study
covers only the period from 2000 — 2016.
Additionally, the MannKendall non-para-
metric test, which has been used to assess
the significance of the vegetation trends,
needs fo be reassessed critically, as some
vegetation frends could have been neglect
ed. For each pixel, trends were calculated.
By calculating the significance of vegeta-
tion trends with p < 0.1, vegetation frends
might be excluded which did not show
completely consistent trends over the whole
time span. Also vegetation, which showed
consistent negative or positive NDVI trends
but were not sufficiently disfinctive might
have been excluded with this approach.
Future work on the fopic should include
more fime steps info the multi-scale analy-
sis, to enhance representability of the pre-
diction map and o reveal not only the stafe
of lichen cover at one specific point ac-
cording fo the model, but also its changes
over time.

Figure 8 shows the overlay of NDVI
trends based on the described method and
lichen vegetation structures based on the
prediction for V&gé& in specific. Figure 9 il
lustrates overlapping hotspots for the whole
area of interest. Increasing vegefation
frends occur parallel to > 40% predicted |i-
chen cover in 19.4% of the area, majorly
in higher elevations.

Quiet some sfudies examined the ef-
fects of reindeer herding on lichen vegeta-
fion (e.g. Falldorf et al. 2014, Bernes et
al. 2015). Within most studies, lichen deg-
radation and  simultaneously increasing
reindeer stock sizes could be observed
[e.g. Johansen & Karlsen 2005). Howev-
er, whilst state and condition of lichen cov-
er in northern Norway has been an abun-
dant research fopic recently, litlle research
has been done on lichen vegefation in
southern Norway. Whereas the situation in
northern Norway is characterized by heav-
ily changed ecosystems due to overgraz-
ing and overexploitation of the ranges (L&F
fler 2004), we find much less changes in
southern Norway. For northern Norway
exemplarily a decline of lichen-rich vegeta-
fion of 30% to less than 7% within winter
districts and from more than 15% to less
than 1% within spring and fall disfricts dur-
ing 1973 and 2000 is reported (Johansen
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& Karlsen 2005). According to our study,
none of such findings could have been
made for southern Norway. At Filefiell,
only 0.6% significant negative vegetation
frends could be observed, showing a situa-

fion being not remarkably different from the
one on study site Vag& as non-grazed
study area (0.2%). This represents the ben-
efits of reindeer herding under stable con-
ditions and with constant stock sizes as

practiced at Filefell. Due to specific chal-
lenges occurring in the North of Norway,
the situations in both parts of the country
are hard to scale with each other. less
herders as well as favorable institutional

Value
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-Low:-‘l

Projection: UTM 32N
Ellipsoid: WGS 1984
Author: Silja Zimmermann
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Figure 7: Lichen vegetation trend map based on 2000 — 2016 timeseries of 250 m resolution MODIS vegetation indices. Mann-Kendall Tau ranges from —1 fo +1,

indlicating the respective negative or positive vegefation trends. Pixels in which lichen vegetation is assumed fo appear according fo Johansen (2009) are shown.
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Spatial Statistics of significant Mann-Kendall Vegetation Trends (p < 0.1)

Vegetation
Trend Map
Vegetation Index NDVI
Significant Negative Trendss
Number of Pixels 524750
Area in % 19.3%
Significant Positive Trends
Number of Pixels 135663
Area in % 5.0%

Table 3: Spatial statistics of significant vegetation trends [p < O.1) based on 250 m resolution MODIS vegetation indices

Vaga

NDVI
229

0.2%

1204
1.1%

Filefiell

NDVI
5471

0.6%

20074
2.1%

circumstances  mitigate  the situation in
southern Norway, whereas North-Norwe-
gian reindeer ranges are pressurized by a
high number of herders, technological pro-
gress and resuling sedentarization pro-
cesses (Riseth & Vain 2009). Changes in
vegetation associated with grazing and
trampling may be spatially heterogeneous
due fo the high diversity of factors involved
(Forbes & Kumpula 2009). Constantly in-
creasing average annual grazing pressure
in northern Norway explains the negative
impact of reindeer grazing on lichen veg-
efafion in northern Norway. Also, manage-
ment strategies and institutional factors con-
tribute fo this. As several studies show, mi-
grafions  between and  winter
pastures are inevitable fo spare vulnerable
lichen heaths during dry summer months
le.g. Kayhks & Pellikka 1994). According
fo Bemnes ef al. (2015), damage on lichen
heaths in northern Norway is caused not
only by increased reindeer numbers, but
on some ranges by a change in seasonal

summer

grazing from winter to summer, with lichens
being more vulnerable to trampling and
grazing during dry summer months (Bernes
et al. 2015). History of reindeer herding,
its productivity and underlying manage-
ment systems as well as environmental fac-
fors of reindeer ranges, such as fopogra-
phy and elevation, vary considerably
across Norway. Rangifer grazing sysfems

Overlay:

Prediction of Lichen Vegetation (MODIS 500 m)

and NDVI Trend Analysis (MODIS 250 m)
a) Vaga
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are extremely variable, including a large
number of different factors on a broad spa-
tial scale and making it challenging to pre-
dict ecological consequences of single ele-
ments of the system.

Figure 8: Overlay of predicted lichen vegetation (2010) and NDVI trends (2000 — 2016 for a) V8gé.
Color saturation of the respective class indicates the amount of lichen cover per pixel. Decreasing NDVI
trends were reclassified ranging from —1 to —=0.01, stable NDVI cover the data range from -0.01 fo
0.01 and increasing NDVI trends include all data between 0.01 and 1.
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Summarizing, sfable condifions within
southern Norwegian reindeer husbandry
are assumed of having prevented exces-
sive lichen degradation from happening
according fo the underlying study. On the
confrary, modemized and mechanized
management strategies in northern Nor-
way and consequently large number of
reindeer, lead onto diminished lichen veg-
etation, poor pastures and suffering nature.
Reindeer herding which was once a source
of living and essential for the Sami culture
has lost ifs rafing as genuine tradition in
vast parts of Fennoscandia.

5 CONCLUSION

Dynamics in land cover are one of the most
important visual indicators for environmen-
tal change and remote sensing techniques
are especially suitable for monitoring these
[Tishaus et al. 2014). Llichens are distinc-
five plants within arcfic-alpine ecosystems
and above else they play an important role
in the confext of reindeer herding. Rein-
deer, as being migrafing herd animals, af-
fect vegetation cover in structure and diver-
sity over space and time. Using satellite im-
ageries  for  mapping habitats  and
monitoring their condition and state helps
gaining knowledge regarding the animals
influence on their surrounding environments
and allows deducing management strate-
gies from these observations (Théau & Du-
guay 2004). In this study, lichen cover was
analysed for two study areas in southern
Norway and further up-scaled using Ran-
dom Forest regressions, programmed in R.
The analysis was based on a multiresolu-
tion approach, using several kinds of data
as a basis. Field data, as well as remote
sensing data of different spatial resolutions
0.3 m, 0.5 m, 30 m, 250 m; 500 m)
were faken into account. Referring to this
study’s research questions, the ufilized multi-
scale approach can be named as being
generally suitable not only for arcfic-alpine
ecosystem landscapes within southern Nor-
way, but also for other regions for which
opfical remote sensing data as well as
ground-ruth data for validation are availa-
ble. The multi-scale approach, as applied
in this study, allowed mapping lichen cover
at multiple spatial scales. Additionally, i-
chen vegetation in southern Norway, as
one element of arcfic-alpine ecosystems, is
by far not as threatened as lichen vegeto-
fion in northern Norway. Stable reindeer
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Overlay:
Prediction of Lichen Vegetation (MODIS 500 m)
and NDVI Trend Analysis (MODIS 250 m)
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Figure 9: Overlay of predicted lichen vegetation (2010) and NDVI trends (2000 — 2016). Color satura-

tion of the respective class indicates the amount of lichen cover per pixel. Decreasing NDVI trends were

reclassified ranging from —1 1o =0.01, stable NDVI cover the data range from —0.01 to 0.01 and in-
creasing NDVI trendss include all data between 0.01 and 1.

stock sizes over the last decades lead to
the assumption that more balanced rein-
deerlichen interactions can be named as a
main reason. The results of our study indi-
cate reindeer herding under susfainable
conditions (e.g. with stable population siz-
es), as being inevitable to prevent exces:
sive degradation of lichen cover and eco-
system degradation. The approach turmned
out to be well suited to detect and monitor
lichen cover in arctic-alpine landscapes.
Future studies would make usage of this ap-
proach not only for lichen vegetation, but

also for other elements of arctic-alpine veg-
etation, aiming af fully understanding graz-
ing effects over space and time. To en-
hance accuracy and allow change detec-
tion within future research, it is highly
recommended to include more fime steps
in the analysis. This approach has a poten-
fial also to monitor vegetation cover nof
only in arctic-alpine regions but also in oth-
er landscapes globally.
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