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Multispectral aerial monitoring of a patchy vegetation oasis
composed of different vegetation classes. UAV-based study
exploiting spectral reflectance indices
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Abstract

The study brings data on monitoring of spectral refectance signatures of different com-
ponents of Antarctic terrestrial vegetation by using a high-resolution multispectral im-
ages. The aim of the study was to compare several spots of a vegetation oasis by
mapping vegetation cover using an UAV approach. This study provides data on vege-
tation distribution within a long-term research plot (LTRP) located at the northern coast
of James Ross Island (Antarctica). Apart from normalized difference vegetation index
(NDVI), 10 spectral reflectance indices (NDVI, NDVIgeg.cdge: RGBVI, NGRDI, ExG, TGI
MSR, MSRRed-cdge> Clareens Clred-edges GLI) Were evaluated for different spots representing
vegetation classes dominated by different Antarctic autotrophs. The UAV application
and spectral reflectance indices proved their capability to detect and map small-area
vegetated patches (with the smallest area of 10 cm?) dominated by different Antarctic
autotrophs, and identify their classes (moss / lichens / biological soil crusts / microbio-
logical mats / stream bottom microbiological mats). The methods used in our study re-
vealed sufficiently high resolution of particular vegetation-covered surfaces and the
spectral indices provided important indicators for environmental characteristics of the
long-term research plot at the James Ross Island, Antarctica.
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Introduction

Remote sensing is considered a very ef-
ficient tool for mapping and monitoring of
Arctic (Beamish et al. 2020) and Antarctic
(for review see Pina and Vieira 2022) ter-
restrial ecosystems. In the last decade, un-
manned aerial vehicles (UAV) carrying
spectral cameras have been used more and
more to identify component of vegetation
cover in polar regions (Fraser et al. 2016,
Jawak et al. 2019, Siewert and Olofsson
2020). In Antarctica UAVs are used for
characterization of vegetation oases and
general vegetation mapping. Moreover, oth-
er types of vegetation cover, such as, e.g.
microbiological mats (Levy et al. 2020),
and snow algae (Gray et al. 2020) are dis-
tinguished by UAV as well. The cameras
used are either visible or narrow-band
multispectral ones (see e.g., Lucieer et al.
2014, Turner et al. 2014).

Within last decades, vegetation classes
have been typically distinguished in re-
mote sensing studies focusing to vascular
plants in subpolar regions (Eischeid et al.
2021). In Antarctic vegetation, however,
classification of particular vegetation com-
ponents (typically non-vascular auto-
trophs) is reported just recently (Calvifio-
Cancela and Martin-Herrero 2016, Sotille
et al. 2022). The latter study brings a pro-
cedure for classification for the Hope Bay
vegetation types capable to distinguish al-
gae-, moss-, and lichen-dominated vege-
tation spots. In freshly green mosses,
species-specific UAV-based classification
based on spectral reflectance is unlikely
since the spectral signatures are rather
similar. However, recent study from Galin-
dez Island (Puhovkin et al. 2022 subm.)
refers to the differences caused by a vigor
of a moss species caused by environmental
stress. The study compares color catego-
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ries of Polytrichum strictum and Sanionia
uncinata (green — vigorous, brown — locat-
ed under snow cover for a long time and
thus loosing chlorophyll, red — typically
under high cumulative PAR and drought
stress). In Antarctic lichens, thanks to their
contrasting spectral properties caused by
their color (Bartdk et al. 2018) ranging
from black (e.g. Umbilicaria decussata) to
orange and yellow (e.g. Xanthoria sp.,
Caloplaca sp., Candelaria sp.), species-
specific classification of lichen-dominated
cover is possible. Recently, Miranda et al.
(2020) were capable to distinguish Usnea
sp. — dominated spots at the Fildes penin-
sula (King George Island). Similarly, Fon-
seca et al. (2022) distinguished spectral
reflectance properties of Usnea sp. — domi-
nated biological soil crust at the Harmony
Point (Nelson Island, Antarctica). For the
same locality, da Rosa et al. (2022) re-
ported species-specific spectral reflectance
curves and the NDVI for several moss and
lichen species.

It was shown in our previous study
(Vaczi et al. 2020), that PRI, NDVI, GLI,
RGBVI, and ExG indices (see Table 1)
were very sensitive in the indication of
moss-dominated vegetation cover. In this
study, we used UAV equipped with a spec-
tral camera to classify different elements
of moss- and lichen- dominated vegeta-
tion cover in an Antarctic vegetation oasis
(James Ross Island, Antarctica). We hy-
pothesized that, apart of NDVI, other spec-
tral indices would be sufficient tool to
distinguish vegetation cover differences
caused by dominating species. We also fo-
cused on the microrelief and water availa-
bility as important factors forming patchy
spots of different spectral characteristics.
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Material and Methods

Description of Antarctic vegetation oasis

In this work, we focused on spectral
properties of vegetation cover constituents
forming diverse bio-cover and mineral
surfaces at a coastal terrace (63° 48’ 00" S,
57° 52' 56" W, 6 m a.s.l.) of the northern
part of James Ross Island. This vegetation
oasis is a part of a long-term research plot
(LTRP) in the neighbourhood of the Czech
station (J.G.Mendel). The LTRP is located
close to a coastal line in between the con-
fluxes of the Bohemian and Algal streams.
The area is dominated by Bryum pseudotri-
quetrum that forms carpets (Fig. 1F, 2F) in
a longitudinal axis that follows the line of
thawing water pathway from a temporary

snowfield 50 m far from the area (Fig. 1A,
2A). In the vicinity of snow carpets are
microbial mats (Fig. 1G, 2G) formed by
Nostoc sp. colony, algae (e.g. Zygnema
sp.) and cyanobacteria at the bottom of
shallow streams vegetatively active for a
short-term period during austral summer
(Komarek 2013, Komarek et al. 2015).
In Algal stream delta and adjacent area
(Fig. 1C, 2C), a baresoil (regolith) and
stone surfaces are located. In stabilized
area (bankside) the stones are covered by
patches of lichens, such as e.g. Rhizoplaca
melanopthalma, Xanthoria elegans (Bartak
et al. 2015).

Aerial vegetation images and data processing

The long-term research plot vegetation
images were acquired by using UAV
Matrice 200 (DJI, Shenzhen, China)
equipped with multispectral RedEdge-M
camera (Micasense Inc., USA) in hight
of 100 m above ground level within one
flight at the stable light condition. Ad-
ditionally, the reference images of cali-
bration reflectance panel (Micasense Inc.,
USA) were acquired immediately before
and after flight for radiometric calibration
of multispectral images.

The acquired image data were proc-
essed using the structure from motion pho-
togrammetry software Agisoft Metashape
Professional v. 1.6 (Agisoft LLC.) to de-
rive a multichannel orthomosaic with 4 cm
spatial resolution. Spectral indices were
calculated per plot from the multispec-
tral camera's narrow-band spectral images
(RedEdge-M). Several spectral indices were

calculated for each image pixel and visual-
ized in false colour scale (see Table 1, and
Figs. 2, 3).

The images were used for the analysis
of constituents of vegetation cover and
characteristics of vegetation-free areas as
well as the physiological status of particu-
lar bio-cover. For analysis of spectral
indices at James Ross Island, the following
covers were distinguished: snow field — A,
tidal zone — B, water stream (Algal stream
delta) — C, stony regolith — D, sand — E,
moss carpets — F, soil crusts (Nostoc colo-
nies dominated) — G, soil crusts wetted by
meltwater — H (Fig. 1).

Values of indices for above specified
areas (A — H; 130pix = 0.2m%) were de-
termined as normalised colour value of
pixels by image analysis (Image J 1.53,
National Institutes of Health, Bethesda,
USA).
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Fig. 1. Photographs of the surfaces investigated typical for the spots defined in Fig. 2 and 3:
A — snow field, B — tidal zone, C — water stream (Algal stream), D — stony regolith, E — sand,
F — moss carpet, G — soil crusts (Nostoc colonies), H — soil crusts wetted by meltwater. In the
B photo, an arrow indicates a stream bottom microbiological mat. In the C photo, an arrow
indicates location of the C spot in the Algal stream.
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Index Equation Reference
. . . R —_ R
Normalized Green-Red Difference NGRDI = -6 R Tucker 1979
Index R;+ Ry

Green Leaf Index GLI =

2XR; — Rz — Ry
2X R, + Ry + Ry

Louhaichi et al. 2001

Triangular Greenness Index

TGl = R; — 0.39 X Ry — 0.61 X Ry

Hunt et al. 2013

Red-Green-Blue Vegetation Index RGBVI =

R;% — Ry X Ry

—_— Bendig et al. 2015
R+ Ry XRp

Normalized Excess Green Index ExG =

2X R; — Rz — Ry

Woebbecke et al. 1995

R;+ Rp+ Rp
- - - Ro- —R
Normalized Difference Vegetation NDVI = —NIR R Rouse et al. 1974
Index Ryip + Rp
Red-edge Normalized Difference Ryir — Rpg

NDVIRed —edge

Gitelson & Merzlyak 1994

Vegetation Index - Ryir + Rpr
Ryir/Rp —1
Modified Simple Ratio Index MSR = ————= Chen 1996
VRuir/Rg +1
i S - Run/Rag — 1
}lzd edge Modified Simple Ratio MSRped —edge = NIR/ TRE Wu et al. 2008
ndex VRyir/Rre +1
Green Chlorophyll Index Clyroen = % - Gitelson et al. 2003
G
Red-edge Green Chlorophyll Ryir _ .
Index Clred —edge = Rup Gitelson et al. 2005

Table 1. Overview of applied vegetation reflectance indices calculated from narrow-band reflec-

tance data.

Results and Discussion

This study, similarly to Jawak et al.
(2019), brings data suitable for a high
resolution of the components of Antarctic
vegetation oases. In all studied spectral re-
flectance parameters, their images, respec-
tively, snow beds were well detectable
since they (with the exception of NGRDI
and TGI) showed deep blue objects with
well distinguishable margins (see spot A in
the Figs. 2 and 3). Stony surfaces (D spot
and majority of the area on the right side
of the stream in Figs. 2 and 3) were also
well distinguishable having greenish-blue
color. The same was true for the coastal
line formed mainly by sands and stony
surfaces (see D spot, and the arrows show-
ing the coastal line in Fig. 2). In VIS im-
age as well as in the majority of spec-
tral reflectance indices images, the stream
(Algal stream, James Ross Island) forming
a 2-arm delta with a complex multiple
branching and junction pattern was well

distinguishable, typically by blue color. In
spite of the fact the freshwater of the Algal
stream is typically inhabited by a relatively
small biomass of microalgae and cyano-
bacteria in austral summer season (Kopa-
lova et al. 2013, Skacelova et al. 2013), no
indication in NDVI was apparent. The on-
ly exception was a blind arm of the
Bohemian stream (see the yellow spot
close to B spot in Fig. 2) — mode details
below in the NDVI discussion.

Numeric values of the studied spectral
reflectance images differed for the A to H
spots (see Table 2) suggesting their great
potential in vegetation mapping of ice-free
areas. NDVI image showed the NDVI dis-
tribution over the long-term research plot
having the highest values for the areas
where moss vegetation occurred (see F
spot) followed by a Nostoc-dominated
seepage. This is well comparable to the
field studies from polar regions that report
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high NDVI values for vigorous, well hy-
drated and physiologically active moss
communities (Lucieer et al. 2012, 2014;
Turner et al. 2014). High NDVI values
occurred also in a close proximity to the F
spot (outside of the margins of yearly
melting snowfield) which represented bio-
logical soil crusts dominated by microal-
gae and cyanobacteria freshly exposed to
light after the snow bed retreat (MB, PV —
personal in situ observation). Distribution
of these close-to-snow bed margins spots
showing high NDVI corresponded well to
the distribution of meltwater on the day of
the UAV flight. These spots are well dis-
tinguishable also in the other spectral re-
flectance parameters (see €.g. NDVIgeq_cdges
NGRDI in Figs 2, 3). The close-to B spot
area showing high NDVI values (see yel-
low area in the NDVI image) might be
associated with microautotrophs that are
accumulated in the bottom of one arm of
the Bohemian stream during low tide pe-
riod. This accumulation forms a microbio-
logical mat fixed to the stream bottom and
is ‘visible” only during low tide events.
This is well comparable with the results of
Salvatore et al. (2020), who investigated
the Crescent Stream in the Fryxell basin
and found NDVI values related to the
abundance of autotrops-dominated micro-
biological mats formed at stream bottom.
Our results do not show high NDVI values
along the whole stream because of gen-
erally low abundance of microautotrophs,
and a high amount of mineral particles
transported by the stream. However, ExG
and GLI indices indicate mats distribution
in the streams (see arrows in Figs. 2, 3).
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Our data from the stream bottom suggest
that the technique might be used in the
investigation of Antarctic aquatic environ-
ments, such as e.g. seepages and shallow
freshwater lakes, aimed to the evaluation
of spectral libraries of particular vegata-
tion classes (see e.g. da Rosa et al. 2021).

Moss carpets (F spot and neighbouring
patches) were well distingushable by the
GLI, RGBVI, and ExG spectral indices,
similarly to the previous study (Vaczi et al.
2020). This is consistent with earlier expe-
rience with e.g. RGBVI, which is gener-
ally used for detection of freshly green
vegetation (Lee et al. 2021). Similarly,
ExG spectral reflectance index was used
successfully for classification of moss-
dominated vegetation in Iceland (Gat-
zouras 2015). Recently, spectral character-
istics of Antarctic vegetation are in focus
of many studies using an UAV-based
remote sensing approach. Main emphasis
is to measure spectral reflectance curves
and evaluate spectral reflectance indices
in order to contribute to a spectral library
(Chi et al. 2021) of vegetation components
in polar regions. Our study contributes by
10 different vegetation-dominated or vege-
tation-free surfaces. Since remote sensing
of vegetation is widely used in polar re-
search, forthcoming studies will be ori-
ented to the spectral signatures of particu-
lar species of mosses and lichens, as well
as algae- and/or cyanobacteria-dominated
seepages and mats. This UAV-based ap-
proach together with ground inspection
outputs can provide helpful information of
Antarctic vegetation oases in difficult-to-
access or distant areas.
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Fig. 2. Visual (VIS) and false colour images of MSR, MSRge4.cdger Cloreens Clred-edges and GLI
indices distribution on long-term research plot (LTRP), James Ross Island, Antarctica with
highlighted localities of different surface and vegetation types (see Table 2).
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Fig. 3. False colour images of NDVI, NDVIgeg.eqee, RGBVI, NGRDI, ExG, and TGI indices
distribution on long-term research plot (LTRP), James Ross Island, Antarctica with highlighted
localities of different surface and vegetation types (compare with Fig. 2).
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Concluding remarks

For vegetation science and mapping of
Antarctic vegetation oases, spectral library
of different vegetation classes and species-
specific components is of great importance
(see e.g. spectral library of the Korea Polar
Data Center — Other sources). Future de-
velopment of such spectral libaries will
focus on single species-dominated spots,
especially in lichens which have species-
specific spectral signatures (Bartak et al.
2018). However, definition of their spec-
tral properties represents a critical require-
ment for improving vegetation remote
sensing in polar regions. For mosses, due
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