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Abstract

The vegetation indices (VIs) derived from the hyperspectral reflectance of vegetation are presented in this study for
monitoring live green vegetation in the northern ecosystems of Iceland, along the fjords of Eyjafjorour and the
Skagafjoréur. The comparative analysis of the following VIs was performed: the NDVI, RVI, NRVI, TVI, CTVI, TTVI
and SAVI. The methodology is based on the raster calculator band in a QGIS. The dataset includes a Landsat TM
scene of 2013, UTM Zone 53, WGS84 captured from the GloVis. The computed bands include the NIR and R spectral
bands and their combinations according to the algorithms of each of the seven VIs. The hyperspectral reflectance and
crop canopy computations were applied to generate various scales of VIs and demonstrated following data range:
NDVI: -0.91 to 0.65, RVI: 0.22 to 19.65, NRVI: 0.63 to 0.90, TVI: 0 to 1.12, CTVI: -0.64 to 1.07, TTVI: 0.70 to 1.18 and
SAVI: -1.36 to 0.99 (roughly to 1.00). Of these, the RVI, NRVI, TVI and TTVI are adjusted to the positive values while
the NDVI, CTVI and SAVI do include the negative diapason in the dataset due to the computing algorithm. The
algorithms of the seven VIs are described and visualized in form of maps based on the multispectral remote sensing
Landsat TM imagery identifying vegetated areas, their health condition and distribution of green areas against the
bare soils, rocks, ocean water, lakes and ice-covered glaciers. The paper contributes both to the technical
presentation of the QGIS functionality for the Landsat TM data processing by a raster calculator, and to the regional
geographic studies of Iceland and Arctic ecosystems.
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Introduction

Recently, due to the rapid development of remote
sensing techniques and GIS, various methods are
developed and presented as applications of the
satellite image processing. The methods of
calculations of the Vegetation Indices (VISs)
applied for various types of landscapes have
become popular for vegetation studies and
analysis of the biophysical variables in forests and
agricultural crop types. The functional principle of
the Vls specifically in Landsat TM image consists
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in selecting certain combinations bands showing a
surface reflectance at the two or more spectral
wavelengths. Applying such a combination or
adding a mathematical formula enables to
highlight a particular property of vegetation.

Each of the VIs has its specifics depending on the
cartographic approach and on which particular
vegetation property is designed to be highlighted
(e.g. pigments, water, carbon, chlorophyll,
nutrients). However, all methods of combination of
the Landsat TM bands are based on the
reflectance properties of vegetation. The Landsat
TM includes seven spectral bands, which consists
of the multispectral and a thermal band. With the
exception of Band 6 (thermal diapason with 120 m
resolution), all other Landsat TM bands have 30
meters resolution. Among the Landsat TM
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spectral bands, the Bands 1-3 correspond to the
visible part of spectrum: diapasons 0.45-0.52 um,
0.52-0.60 pm and 0.63-0.69 um for the Bands 1,
2 and 3, respectively. Bands 4 and 5 cover the
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Near-Infrared (0.76—0.90 pm and 1.55-1.75 pm)
part of the spectrum. The Band 6 is a thermal
spectral interval (10.40-12.50 um), and Band 7 is
a Mid-Infrared (2.08-2.35 pum).

Topographic map of Iceland with study area (red square) and global location (insert map)
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Figure 1. Topographic map of the stu’&"&"”é‘}’éa. Mapping: GMT. Source: author.

For the vegetation studies, the most useful and
applicable bands include Near-Infrared (NIR) and
visible part of the spectrum (especially, Red
band), because of the specific vegetation property
of leaves that has a distinct spectral reflectance in
the red part of the spectrum. In addition to the
theoretical principle of the spectral reflectance of
vegetation, a practical availability of the QGIS as
an open source software [1] together with the
Landsat TM free datasets enable an application of
the remote sensing data processing for studying
of spectral reflectance of vegetation. The
advantages of the Landsat TM satellite imagery
consist in following technical characteristics: 1)
30-m resolution which provides the required
accuracy; 2) the availability of various spectral
bands, which makes possible calculating the Vs
using their combination; 3) the geographic global
coverage; 4) GeoTIFF raster data format readable
by all major GIS software including the QGIS. As
a result, there is a variety of publications on
calculating the Vs in general and the NDVI in
particular [2-7], which have been considered in
this study as a methodological background.

The geographic extent of the study area covers
the northern coasts of Iceland, along the fjords of
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Eyjafjorour and Skagafjorour (Figure 1). Located
in a severe Arctic climate, this region experienced
the effects of the climate changes [8], the
dynamics of the permafrost [9] and the shelf ice
movement [10]. Active livestock grazing reflected
in the land use affects vulnerable Arctic
ecosystems through the eroded and degraded
lands [11-14]. The geological and glacial
processes, such as ablation and volcanism
additionally contribute to the soil erosion in the
study area and affect vegetation, as recently
reported in several studies published on the
Iceland land cover mapping. Among the recorded
vegetation species in Iceland one should mention
beech (Fagus sp.), downy birch (Betula
pubescens), rowan (Sorbus aucuparia), aspen
(Populus tremula), tea-leaved willow shrub (Salix
phylicifolia) and some conifers. The vegetation
species in Iceland mostly grow scarce and as
shrubs reaching a maximum of ca. 15 m in height
due to the harsh climate conditions, insufficient
soil depth and specific geologic setting (volcanic
ashes). This paper presents the study of the
vegetation conditions in Iceland using the
calculated Landsat TM spectral bands by the
QGIS used for computing several VIs using raster
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calculator options. The results present a series of
maps showing simulated models using the
Landsat TM scene with a coverage of the northern
Iceland.

Material and Methods

The VIs are important indicator of vegetation
health, and their calculation requires the use of
modern cartographic measuring techniques [15-
16]. While the most well-known VI often used in
the studies is the NDVI, this study presents the
comparison of various VIs computed using
different band combinations.

Normalized Difference Vegetation Index (NDVI)
The computing of the Normalized Difference
Vegetation Index (NDVI) (Figure 2) was done
using the expression of the Equation (1)

(NIR-R)
(NIR+R)

NDVI = (Equation 1)
where NIR is a near infra red, and R is red
spectral bands of the Landsat TM. Initially
introduced by [17], the NDVI is widely used in the
existing literature [18-20] and can be referenced
as a graphical indicator to analyse remote sensing
scene, if the study area is being covered by live
green vegetation.

Ratio Vegetation Index (RVI)

The computing of the Ratio Vegetation Index
(RVI) proposed by [21] (Figure 3) was done using
the Equation (2)

RVI = &

NIR

(Equation 2)

where NIR is a near infra red, and R is red
spectral band of the Landsat TM, that is, the
reflectance in the NIR band divided by the
reflectance in the red band. Specifically, the RVI
shows the values high for vegetation and low for
other land cover types (soil, ice, water). The RVI
indicates the amount of vegetation. Its advantage
consists in the reduction of the effects of
atmosphere and topography.

Normalized Ratio Vegetation Index (NRVI)

The computing of the Normalized Ratio
Vegetation Index (NRVI) (Figure 4) was based on
the previously computed RVI using the Equation

(3):

_ (RVI-1) .
NRVI = RVITD (Equation 3)
where RVI is a previously calculated Ratio
Vegetation Index. Applying the mathematical

corrections for adjustments of spectral data
distributions to the previously made RVI enables
the NRVI to better distinguish vegetation from saoil
and perform in a more regular way.
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Transformed Vegetation Index (TVI)

The computing of the Transformed Vegetation
Index (TVI) (Figure 5) was done using the
Equation (4):

_[ir-R)
i = [(NIR+R) + 0'5]

(Equation 4)

where NIR is a near infra red, and R is red
spectral band of the Landsat TM. This index is
derived from a square root of the algebraic
expression of NIR and R. The TVI shows the
sensitivity of SAVI to the optical proprieties of
upper soil layer. In contrast to NDVI and SAVI, it
does not saturate and shows better linearity as a
function of the rate of vegetation cover [22].
Corrected Transformed Vegetation Index (CTVI)
The computing of the Corrected Transformed
Vegetation Index (CTVI) (Figure 6) was done
using the Equation (5):

__ (NDVI+0.5)
CTvI = (I(NDVI+0.5)])
(Equation 5)

+J(J(NDVI + 0.5)])

where the NDVI is a previously calculated index
according to the Equation (1).

Thiam’s Transformed Vegetation Index (TTVI)
The computing of the Thiam’'s Transformed
Vegetation Index (TTVI), proposed by Thiam [23]
(Figure 7), was done using the Equation (6):

TTVI = \/(I((NDVI)| + 0.5) (Equation 6)
where the NDVI is a previously calculated index
according to the Equation (1).

Soil Adjusted Vegetation Index (SAVI)

The computing of the Soil Adjusted Vegetation
Index (SAVI) (Figure 8) was performed using the
Equation (7):

(NIR-R)

SAVI =
(NIR+R)

*(1+S) (Equation 7)

where NIR is a near infrared spectrum, R is a red
spectrum, S is a soil adjustment factor, aimed to
adjust the NDVI for the influence of soil brightness
in areas with low vegetative coverage. More
specifically, SAVI minimizes the effects of the soil
background on vegetation. To achieve this, the
NDVI formula was adjusted by a constant soil
factor which varies with the colour and brightness
of the soil as its reflectance characteristics [24].

Results and Discussion

The NDVI (Figure 2) shows values in a range -
0.91 to 0.65. The glacial areas and ice-covered
lakes have the lowest values (coloured as crimson
brown in Figure 2). Here the NDVI calculates the
amount of vegetation by quantifying the difference
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between the NIR which is strongly reflected by
vegetation and R, which, in contrast, is absorbed
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by vegetation, using the formula of NDVI provided
in the Methodology section.
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Figure 2. Normalized Difference Vegetation Index (NDVI). Mapping: QGIS. Source: author.

The water areas in fjords show value -0.13.
Similar to the NDVI, the RVI is based on the
contrasting values between the red and NIR
bands of the Landsat TM image. The RVI (Figure
3) assesses the image in positive values with a
range from 0.22 to 19.65. The dominating values
for the glacial areas and lakes are 2.69 (beige
colour in Figure 3). The water areas in fjords show

G530 N

B5N

value 1.99. The clear difference between the
NDVI and RVI indices can be explained by the
contrast between the R and NIR bands for
vegetation in both indices. In case of RVI, high
index values are induced by the combinations of
reflectance values: low R (chlorophyll) and high
NIR (leaf structure).
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Figure 3. Ratio Vegetation Index (RVI). Mapping: QGIS. Source: author.



DOI: 10.2478/arls-2020-0021

The NRVI is based on the RVI, but NRVI better
distinguishes vegetation from soil by a more
regular equation. The results of the NRVI
calculations (Figure 4) show data variations
between the -0.63 to 0.90. The difference
between the RVI and the NRVI can be explained
by the technical approach where the result of the
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expression (RVI — 1) are normalized over the
expression (RVI + 1). As a result, such a
normalization  minimizes  the  topographic,
luminosity and atmospheric effects, creates a
statistically normal distribution and performs better
comparing to the non-normalized RVI.
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Figure 4. Normalized Ration Vegetation Index (NRVI). Mapping: QGIS. Source: author.

The results of the TVI calculations (Figure 5) show
the data range in a dataset from 0 to 1.12, that is,
the data are positive according to the embedded
methodology of the TVI: the TVI changes the
initial NDVI by adding a 0.5 to all its values.

19w
0 25 50 75 100 km
| | l | |

In such a way, this constant enables to avoid
operating with negative NDVI values which can
eventually be better for the cartographic output
(Figure 5).
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Figure 5. Transformed Vegetation Index (TVI). Mapping: QGIS. Source: author.
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The areas of the significant increase of the TVI
trends to correlate with the areas of dense forests,
as well as other types of vegetation around the
mountains, in the river valleys and fields. Although
the TVI decreased in the sea water areas (up to
zero) and the areas of inner lakes (0.518 to
0.669), there was an increasing TVI trend in the
coastal areas and river valleys (to 0.96-1.12 with
bright yellow colours). In areas of mountains and
persistent land cover, the TVI values were lower

BE'30'N
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(categories 0.74 to 0.77 and 0.77 to 0.84) than in
mixed land cover types (0.84 to 0.90).

The results of the CTVI calculations (Figure 6)
show the dataset range between the -0.64 to 1.07.
So, adding a constant of 0.5 to all the initial NDVI
values did not enable to disable negative values in
a CTVI (Figure 6), because the initial NDVI values
also had negative values up to -0.91 (comparing
to Figure 2). The results of the TTVI calculations
(Figure 7) show values from 0.70 to 1.18.
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Figure 7. Thiam’s Transformed Vegetation Index (TTVI). Mapping: QGIS. Source: author.
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Figure 8. Soil Adjusted Vegetation Index (SAVI). Mapping: QGIS. Source: author.

The results of the SAVI calculations (Figure 8)
show the dataset ranging between the -1.36 to
0.99 (roughly to 1.00). Such a different data range
can be explained by the specifics of the algorithm:
the soil adjustment factor depends on the density
of the vegetation, therefore, the higher the
density, the higher is the actual values (Figure 8).
The applicability of the presented methodology of
raster calculator in a QGIS and the open source
availability of the Landsat TM scenes enables the
computing of the VIs in other geographic areas
and repeatability of the presented research.
However, different environmental components can
limit the effectiveness of the VIs and substantiate
the choice depending on the geographic
conditions of the study area.

The choice of the presented VIs is motivated by
the study aim and general geographic setting of
the region of the northern coasts of Iceland. All
the reviewed VIs are slope-based, which present
the clear computed results comparing to the
distance-based ViIs.

Conclusions

The research presented the QGIS applicability in
the environmental monitoring, which is also
applied in previous research in combination with
the advanced methods of data analysis [25-26]. In
particular, the visualization of various VIs by the
Landsat TM has been presented. A Landsat TM
image representing various vegetation conditions
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(mountainous ice-covered, sandy and rocky
terrain, forests, coastal areas) covering northern
region of Iceland was processed to test the seven
slope-based VIs: NDVI, RVI, NRVI, TVI, CTVI,
TTVI and SAVI. These spectral VIs were
compared for variations in their sensitivity to
vegetation conditions. In general, the presented
VIs demonstrated a numerical correlation to
vegetation distribution and areas.

There were some differences among the VIs over
the rocky areas, grassland, and selected forested
regions. The application of the machine learning
in cartography are diverse and may include
automatization in data processing, application of
various modules of GIS for cartographic mapping,
or using programming languages [27-30]. For the
case of remote sensing data processing,
automatization include, among other, streaming of
the data capture and machine learning in
algorithms of raster bands combinations. The
presented research demonstrated how the
Landsat TM data can be processed and visualized
using spectral characteristics of the vegetation.
Apart from the traditionally used software for the
raster data processing, such as Erdas Imagine,
ENVI GIS, Idrisi GIS, SAGA GIS, the QGIS shows
capabilities in the satellite images processing that
can be applied in a similar research. Technically,
the results demonstrated that cartographic data
processing by QGIS is effective for remote
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sensing data processing with an example of the
Landsat TM scene.

The visualization of various VIs can be a good
estimator for mapping canopy health and
botanical studies, especially for regions with harsh
climate conditions, such as Iceland. Cartographic
data processing by the open source QGIS
contribute greatly to the thematic mapping of
global vegetation, demonstrating plant growth and
health conditions. The demonstrated methodology
can be applied for similar studies aimed at the
environmental forest monitoring.
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