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Abstract: The paper aims to evaluate the presence and condition of vegetation by SAGA GIS. The study
area covers northern coasts of Iceland including two fjords, the Eyjafjörður and the Skagafjörður, prosperous
agricultural regions. The vegetation coverage in Iceland experience the impact of harsh climate, land use,
livestock grazing, glacial ablation and volcanism. The data include the Landsat TM image. The methodology
is based on computing raster bands for simulating Tassel Cap Transformation (wetness, greenness and
brightness) and Enhanced Vegetation Index (EVI) sensitive to high biomass. The results include modelled
three bands of brightness, greenness and wetness. Greenness variation shows the least values in ice-covered
areas (-56.98 to -18.69). High values (-23.48 to 9.12) are in the valleys with dense vegetation, correlating
with the geomorphology of the river network, the vegetation-free areas and ocean which corresponds to the
peak of 30.87 to 41.19. The bell-shaped data distribution shows frequency 43.19–141.74 for vegetation
indicating healthy state and canopy density. Maximal values are in ice-covered regions and glaciers (64°N65°N). Very low values (0 to -20) show desertification and mountainous rocks. Moderate values (20-40)
indicate healthy vegetation. The most frequent data: -28,17 to 11,8. The EVI shows data variations (-0.14 to
0.04). The study contributes both to the regional studies of Arctic Iceland and methodological approach of
remote sensing data processing by SAGA GIS.
Keywords: Iceland, Landsat TM, SAGA GIS, cartography, vegetation index, machine learning,
automatization, mapping.

1. Introduction
Geographically, the study area covers the
northern coasts of Iceland including its two
famous fjords, the Skagafjörður, a deep fjord
with a valley (19.4°W-20.0°W), and the
Eyjafjörður, (18.2°W-18.6°W) one of the
longest fjords in Iceland (Fig. 1). The
Skagafjörður is one of Iceland's most
prosperous
agricultural
regions,
with
widespread dairy, sheep farming and horse

breeding. Today the vegetation coverage in
Iceland has gained more attention in landscape
studies due to changes under the impact of
various factors including impacts of harsh
climate (Brombacher et al., 2020), specifics of
land use, intensive livestock grazing, glacial
ablation and geological processes. Active
volcanism results in regional distribution of the
highly erodible volcanic soils.
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Fig. 1. Topographic map of the study area: Iceland, region of Skagafjörður and Eyjafjörður.
Source: author.
According to the recent assessment (Eckert
and Engesser, 2013), the country's surface
experienced a severe soil erosion on about
40%. As a result, severe land degradation and
desertification are considered the most severe
environmental problems in Iceland (Eddudottir
et al., 2020; Gísladottir, 2001). The examples
of land cover changes in Iceland include soil
erosion caused by grazing pressure in the
processes of sheep farming (Arnalds and
Barkarson, 2003), active aeolian processes
causing the spread of the sandy areas which
replace rich and vegetated ecosystems by lands
with low fertility and water-holding capacity
(Arnalds et al., 2001). This makes the
assessment of the Arctic vegetation coverage
by remote sensing methods as an important
field at the cutting edge of geoscience.

Current environmental problems in Iceland
include severe land degradation which is
caused by the effects of both human and
climate factors. Land degradation results in the
deterioration of plant growth conditions, and
the decline of land productivity in sensitive
Arctic ecosystems. Land degradation is
mirrored in soil deterioration, including its
physical, chemical, and biological aspects.
Besides, human impacts have been severe on
Icelandic soils and vegetation which finally
resulted in fragmentary desertification. In turn,
vegetation degradation induced soil erosion
which successively caused a decline in soil
quality. Hence, in recent years soil erosion
became an active negative process in Iceland
which resulted in deterioration of the grazing
areas in the central highlands of Iceland which
are not suitable for grazing by sheep due to the
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poor condition. Because the land is a natural
complex and comprehensive system of
geomorphic landforms, geologic factors
(mineral rocks), climate settings, hydrologic
conditions, and ecology (vegetation and fauna),
land degradation and desertification can have
worrying consequences for the fragile Arctic
environment.
Analytical studies in the remote sensing of
satellite images have unveiled the presence of
indicators in plants that may be used to detect
the healthiness of the canopy. For instance,
chlorophyll as a health indicator of leaves
absorbs visible light, and the leaf cell strongly
reflects near-infrared light. Parameters of
spectral reflectance of leaves are discussed (e.g.
Kauth and Thomas, 1976; Broge and Leblanc,
2001; Kim et al., 2010; Lemenkova, 2011; Gao
et al., 2020) and widely used for detecting
vegetation coverage stage and monitoring their
ecological stage. The bands constituting the
Landsat TM image scene play an essential role
in detecting vegetation health and quality
assessed by such indicators as greenness,
brightness or wetness. In this context, the use
of cartographic methods applied for the satellite
image processing, raster bands calculation and
visualization have shown promising results in
experiments carried out on Landsat TM
imagery (Lemenkova, 2015a, 2015b, 2015c;
Taufik et al., 2016; Ahmet and Akter, 2017;
Zaitunah et al., 2018). The purpose of this
study was to use advanced methods of the
remote sensing data processing (SAGA GIS) in
order to extract information on presence and
conditions of vegetation and to receive models
of the wetness, greenness and brightness using
calculation of the selected raster bands, and to
perform calculation of the enhanced vegetation
index using embedded formulae in the SAGA
GIS, and finally, to visualize data distribution
using computed and presented histograms
aimed at the environmental monitoring of the
selected Arctic ecosystems in Iceland.

Benefits of the presented study include a
contribution to the environmental monitoring
of the selected regions of Iceland, which
includes the two fjords, Skagafjörður and
Eyjafjörður which can be used as information
on the appropriate level (ecologists,
environmentalists, authorities). Because the
study is fully based on the open source
software (SAGA GIS and occasional GMT) for
mapping and data analysis, the benefits for
broad public, scolars and students consists in
the repeatability of the described methods,
algorithms and advices for data capture and
resources. Thus, this study presents a broad
spectrum of remote sensing data processing and
visualization by SAGA GIS, and the use of the
standard suite of high-quality raster Landsat
TM datasets, as demonstrated and described in
this work. Generic Mapping Tools (GMT) was
also used for topographic mapping (Fig. 1)
aimed at
the advanced
cartographic
visualization of Iceland using available
mapping techniques (Lemenkova, 2020a,
2020b, 2020c). Therefore, this study can be
effectively reused for analysis of similar
landscapes in Arctic regions using presented
workflow of the SAGA GIS and calculation of
the Landsat TM raster bands for analysis of
vegetation.
2. Materials and Methods
This study presents the use of SAGA GIS
(Böhner et al., 2006) for processing the Landsat
TM image (Fig. 2). The Landsat TM is the
satellite imagery of Earth, a joint program of
NASA/USGS launched on July 23, 1972 and
constrantly being developed since then.
Landsat 7 satellite images have eight spectral
bands (channels) with spatial resolution
ranging from 15 to 60 meters depending on the
bands, but mostly 30-meters resolution. The
temporal resolution of the Landsat TM is 16
days. Each Landsat scene covers a square
approximately 185*185 km long and wide.
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Fig. 2. Applying parameters in SAGA GIS menu. Source: author.
The official website of the Landsat TM is
https://landsat.gsfc.nasa.gov/the-thematicmapper/. However, the imagery can be freely
downloaded from the GloVis website:
https://glovis.usgs.gov/. The methods include
two approaches of the image processing: 1)
Tasseled cap transformation; 2) Enhanced
Vegetation index.
2.1 Tasseled Cap Transformation
An algorithm for the Tasseled cap
transformation was developed by Kauth and
Thomas (1976) to transform the spectral
information of the Landsat satellite data into
indicators that turned to be useful for analysis
of phenological stages of vegetation. In the
menu of SAGA GIS it was applied using the
following
path:
‘Geoprocessing>Imagery>Vegetation
Indices>Tasseled Cap Transformation’. Using
six of seven Landsat TM bands (except for the
thermal channel 6) were used for the algorithm.
As a result, three types of information were
extracted based on a weighted sum of the
Landsat bands: 1) Tasseled Cap Band 1
showing brightness, which is a measurement
value for the ground; 2) Tasseled Cap Band 2
showing greenness, which is a measured value
for the vegetation; 3) Tasseled Cap Band 3
showing wetness, which is a measured value
for interactions of soil and canopy moisture.

In the algorithm, each band (B) was
multiplied by a certain coefficient and the three
characteristics of the vegetation, brightness,
greenness and wetness, were defined as follows
(Crist and Cicone, 1984a; 1984b):
1. Brightness = 0.3037 (B1) + 0.2793 (B2)
+ 0.4743 (B3) + 0.5585 (B4) + 0.5082 (B5) +
0.1863 (B7)
2. Greenness = −0.2848 (B1) − 0.2435
(B2) − 0.5436 (B3) + 0.7243 (B4) + 0.0840
(B5) − 0.1800 (B7)
3. Wetness = 0.1509 (B1) + 0.1973 (B2) +
0.3279 (B3) + 0.3406 (B4) − 0.7112 (B5) −
0.4572 (B7)
2.2. Enhanced Vegetation Index
For The Enhanced Vegetation Index (EVI)
was approached from the SAGA GIS menu
using
the
following
path:
‘Geoprocessing>Imagery>Vegetation
Indices>Enhanced Vegetation Index’. The
computing of the EVI was addressed using an
optimized numerical method, comparing to the
traditional calculations of the vegetation
indices, by enhancing the vegetation signal
(Jiang et al., 2008).
The formula of the EVI is based on the
following equation (Huete et al., 2002):
EVI = G ˟ (NIR – RED)/(NIR + C1 ˟
RED – C2 ˟ BLUE + L),
where NIR is a near-infrared band of the
electromagnetic spectrum (wavelength at 750
13
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to 2500 nm), RED is a red (wavelength at 625–
740 nm) BLUE is blue band (wavelength et
450–485 nm). Specifically, the algorithm of
EVI has been updated, by focusing on the
higher biomass regions using the effects of the
improved sensitivity in these specific areas, by
de-coupling of the canopy background signal
which
eventually improved
vegetation
monitoring, and by a reduction in the
atmosphere influences.
3. Results and discussions
The
simulated
Tasseled
Cap
transformations of Landsat TM data represent
examples of linear combination features
showing three characteristics of the vegetation:
1) wetness (Fig. 3); 2) greenness (Fig. 4);

3) brightness (Fig. 5). The results of the EVI
model are presented in Fig. 6. Analysis of the
moisture content in Fig. 3 shows the maximal
values concentrated in the ice-covered regions
of the glaciers stretching an as long and narrow
sheet of ice and two glaciers on the southern
part of the region, 64°N-65°N (bright red spots
in Fig. 3). Very low values of wetness (0 to 20) are notable for the areas of local
desertification and mountainous rocks (dark
grey areas in Fig. 4). Bright yellow colours
correspond to moderate values (20-40) which
indicates the healthy vegetation. According to
the statistics (Fig. 7, upper right), the most
frequent data of wetness vary from slightly
negative values -28,17 to 11,8.

Fig. 3. Wetness of vegetation, modelled by SAGA GIS. Source: author.
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Fig. 4. Greenness of vegetation, modelled by SAGA GIS. Source: author.

Fig. 5. Brightness of vegetation, modelled by SAGA GIS. Source: author.
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Fig. 6. Enhanced vegetation index, modelled by SAGA GIS. Source: author.
The analysis of greenness variations (Fig.
4) clearly shows that the lowest values of
greenness correspond to the ice-covered areas
(dark crimson brown colours in Fig. 4) which
indicates the low values on the statistical
histogram (Fig. 7) ranging from -56.98 to 18.69. On the contrary, high values correspond
to the peak on the histogram with values
between -23.48 to 9.12 (Fig. 7, lower left).
High values of greenness are notable for the
river valleys with dense vegetation coverage,
clearly depicting the geomorphology of the
river network. The absence or very low
vegetation coverage can be interpreted from the
mustard yellow colours with values 0 to -16.
They are typical for the water areas and rocky
terrain.
The analysis of brightness (Fig. 5) shows
its variations in the range between 20 and 260
units of surface luminosity. In particular, the
darkest areas (brown-coloured, Fig. 5)

correspond to the vegetation-free areas and
ocean, which corresponds to the peak of 30.87
to 41.19 in Fig. 7 (upper left). In contrast, light
green colours correlating with vegetationcovered areas (100-150) can be seen as
depicting the river valleys (Fig. 5) and on the
coastal areas. White regions show dominating
ice-covered mountainous areas. The statistical
analysis points at the bell-shaped distribution
of the data lying in the range of 43.19 to 141.74
for the areas of vegetation with difference
indicating its healthy state and density of
canopy. The analysis of the EVI (Fig. 6) shows
the variations of the data range between -0.14
to 0.04. Here the lowest values corresponding
to the dark brown colours are notable for the
ice-covered areas and glaciers, while vegetation
in valleys and coastal areas is depicted by
beige. The results showed SAGA GIS to be
effective for analysis of the vegetation
coverage by Landsat TM bands combination.
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Fig. 7. Four statistical histograms of the data distribution: wetness, brightness, greenness,
enhanced vegetation index, modelled by SAGA GIS. Source: author.
Current environmental problems of Iceland
include changes in vegetation coverage and
anthropogenic pressure, such as increased
number of tourists which may cause some
mechanical disturbances on fragile Polar
landscapes (Ásgeirsdóttir and Karlsson, 2016;
Óladóttir, 2019). A complex interaction
between various factors affect land cover and
vegetation
in
Iceland,
for
instance
anthropogenic (Tverijonaite et al., 2018),
climatic factors (Haraldsson and Ólafsdóttir,
2003). This can be illustrated by issues
regarding the vulnerability of the Northern
ecosystems, e.g. land use pressure and
overgrazing. Since land degradation may affect
land use sustainability in the future, these
issues present the concern for the
environmental
monitoring
in
Iceland.
According to previous studies (Bergþórsson et
al., 1996), Iceland has experienced climatic
variations over the past years which resulted in
the changes in vegetation. Besides, due to the
anthropogenic effects, over half of the
Icelandic vegetation deteriorated from the time

of Iceland's first settlement by vikings in ca.
AD 830 (Hallsdóttir 1995) and over 90% of its
forest cover (Þorsteinsson, 1972). In view of
abovesaid, detailed studies of the selected
landscapes of Iceland present a contribution to
the monitoring of natural resources prevention
of degradation of the Northern ecosystems.
Conclusions
Thanks to the advances in the remote
sensing data processing by cartographic
methods, the massive amount of Landsat TM
images of 30-m resolution and high quality
became available in agricultural studies, for
instance for a crop or vegetation mapping.
Reflectance curves for various land cover types
on Earth, including healthy and unhealthy
vegetation and its types (coniferous, broadleaf),
have particular characteristics (Abburu and
Golla, 2015; Knipling, 1970; Lemenkova,
2013). Remote sensing data analysis using
spectral reflectance curves shown a trend in
17
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land cover changes and variations in vegetation
coverage of Earth (Lemenkova, 2013, 2015d).
The possibility of synergism between these
risk factors remains a topic that can be further
researched.
Other studies upscaled the question of the
vegetation changes and focused on the
quantification of landscape fragmentation by
metrics
approach
for
environmental
sustainability (Klaučo et al., 2013b, 2014,
2017). Examples of the statistical analysis
applied for geosciences provide more advanced
methods of data visualization (Lindh, 2004;
Klaučo et al. 2013a; Lemenkova, 2019a,
2019b, 2019c). Other ways of geodata
processing include machine learning, GIS
(Suetova et al., 2005a, 2005b; Schenke and
Lemenkova, 2008; Lemenkova, 2014). This
review focused on the effective methods of
Enhanced Vegetation Index and Tasseled cap
transformation by SAGA GIS applied for
processing of the Landsat TM scene covering
the region of northern Iceland.
The paper contributed both to the
agricultural studies of vegetation coverage and
the development of methods by presenting twostep methodology: computing raster bands for
visualizing the Tassel Cap Transformation and
EVI. The application of the Tasseled Cap
Transformation and EVI in Arctic vegetation
monitoring showed effective methods of data
visualization. With a context of the presented
case study of Iceland, notable for fragile
ecosystems, these two methods demonstrated
usefulness for Landsat TM scene analysis of
the vegetation canopy, health status and land
cover parameters by cartographic means of
SAGA GIS.
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