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Abstract: The paper presents the review of the potential application of remote sensing techniques
at ground, air, and satellite levels in monitoring, yield assessment for bioenergy crops and the
evaluation of natural grass communities of Miscanthus spp. According to the Directive 2009/28, the
EC countries are obliged to increase the participation of energy production from renewable energy

sources by 20% by 2020. This objective can be achieved in part by using biomass from high energy
plantations. Monitoring of Miscanthus growth, one of the most prospective crop species, is important
because of its use as bioenergy crop, to evaluate quality and quantity, and for environmental reasons.
As Miscanthus is a non-native species in Europe, its uncontrolled spread may threaten the diversity
of native species. Contrary to the traditional field-based observations of Miscanthus communities,

the remote sensing provide suitable data enable the acquisition of precise data about biomass state

and habitat quality. Such methods are highly efficient tools for precise quantitative assessment in
agriculture and for the monitoring of natural Miscanthus communities.
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1. Introduction to Miscanthus

The use of different agricultural resources for energy purposes
can have positive effect in reduction of fossil fuel consumption
and decrease of air pollutant emissions. In addition, it enta-
ils a range of social benefits, such as reduced unemployment
rates and improved living conditions of the rural population
due to the creation of new jobs and additional income sources.
Miscanthus belongs to grass family (Poaceae) and is particu-
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larly suitable for energy purposes because of its physiological
adaptation to a C4 photosynthesis pathway. Due to the more
efficient use of solar energy, water, and nutrients compared to
C3 plants, C4 plants are characterized by a 50% more intensive
biomass growth [30]. In Europe, Miscanthus has been cultiva-
ted for about 50 years. It was initially used as an ornamental
plant, but is now increasingly being planted as a bioenergy
crop. It produces a thick, rigid, spongy stem with a height of
200-350 cm. The most commonly cultivated variety is the giant
Miscanthus (Miscanthus x giganteus), which does not produce
fertile seeds and must therefore be vegetatively reproduced.
Miscanthus reaches its full capacity in the third year after
planting [9]. Some genotypes can spread uncontrolled by seeds
(alien species, potentially invasive).

Dry matter yield is significantly dependent on the crop year
and the harvesting date and ranges between 1-3 t/ha in the
first year, 8-15 t/ha in the second and about 25-30 t/ha in the
third and in subsequent years [9]. The energy value of Miscan-
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thus straw is approximately 17-19 MJ/kg dry weight, which
is comparable to that of wood, but below that of bituminous
coal [5]. The weight of 1.5 to 2.5 tons of dry Miscanthus straw
provides the energy equivalent of 1 ton of coal or of 600-1,000
liters of heating oil [17].

2. Introducing to remote sensing methods

Traditional, mathematical methods of forecasting crop yields
throughout the growing season are based on models that use
climatic data, soil conditions, and other environmental data
as inputs to describe plant growth and development, photo-
synthesis intensity, evapotranspiration, and yield of biomass
for a particular crop [2]. Although these models are based on
physiological and physical agronomy aspects, they poorly ful-
fill prognostic functions under soil spatial variability, stress
conditions or management practices [2]. The use of remote
sensing methods in crop monitoring is considered a valuable
tool for crop forecasting and production management in agri-
culture. These techniques can compete with traditional mode-
ling approaches due to their large-scale range of operation and
their capacity to analyze multiple wavelengths of the spectrum
and to obtain valuable biomass data, which is important for
efficient agricultural production [23]. Numerous studies indi-
cate that the phase of plant development, stress conditions,
and crop yields are expressed in changes in the intensity of the
spectral response from the vegetation cover, and can be expres-
sed quantitatively using spectral vegetation indicators [2, 19].

3. Monitoring methods in Miscanthus
biomass

Monitoring of the abundance and growth of Miscanthus is an
important procedure both of its use of bioenergy crop, the
desired quality or quantity of crops, and due to ecological
reasons, such as the origin of the plants. As an alien species
in Europe, the uncontrolled spread causes a significant threat
to the conservation of native species and, as a consequence,
to local biodiversity [25]. In the field of agriculture, remote
sensing has recently been used to obtain information and to
support the management systems in precision farming [14].
Passive remote sensing methods rely on the analysis of patterns
of reflectance (spectral signatures - reflection of sunlight from
the object, depending on the wavelength of the light) of the
vegetation cover, recorded from a distance (aerial or satellite).

In [18] authors calculated the value of the GRVI (Green-
-Red Vegetation Index) by remote sensing methods for mapping
and determining the phenology of plant ecosystems in Japan.
They used this indicator to carry out long-term observations
of M. sinensis leaf color changes depending on the vegetation
phase, especially in early spring and autumn. For this purpose,
they used an automatic, rotary hemispherical spectrographic
system and a fisheye camera mounted on top of a tower or mast
in each of the studied fields. Measurements of the remote sen-
sing GRVI and NDVI (Normalized Difference Vegetation Index)
indexes were performed daily, and the purpose of the study
was to estimate the usefulness of GRVI values as a phenologi-
cal indicators of vegetation and as an ecological indicator. The
authors’ observations indicate that GRVI values decreased in
response to changes in the plant cover, even in the middle of
the growth period when changes in leaf color and density were
hard to distinguish visually. Researchers have demonstrated that
GRVI values are clearly associated with phenological differences
related to seasonal changes in the plant cover, particularly leaf
color changes, and that this indicator may also be useful for
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determining vegetation distribution and for ecosystem typing
by remote sensing [18].

In [1] authors used the remote sensing, ground-level moni-
toring technology for energy grass crops to evaluate maximi-
zation of dry matter content. The platform was located on
a 38-meter high tower above an arable field. The pictures were
taken between 12 pm and 15 pm each day, and the algorithm
especially developed for this study allowed the real-time asses-
sment of the acquired data. The system was used to monitor,
among others, Miscanthus and millet crops in red, green, and
blue (RGB) and infrared (CIR) images, which were continuously
transmitted over a wireless network and analyzed. The spatial
resolution of the images, after generating the mosaic and the
georeference, was achieved at 120 mm/pixel. The image acquisi-
tion system, the photo mosaic, and the geographic reference on
the map were developed based on geographic information system
(GIS). To verify the predictability of the Miscanthus yield on the
basis of remote sensing data, the cumulative NDVI value was
correlated with actual biomass data obtained from terrestrial
crop yield measurements in 2011. The results showed that the
data correlated (R?) at 64.4%, indicating a high potential pre-
diction of biomass yield on the basis of real-time remote sensing
data from arable land after calibration of the field processing
method using field data [1].

In [13] authors designed and developed, near real-time, where
a remote sensing platform for monitoring biomass growth of
Miscanthus prior to harvesting. The proposed crop monitoring
system scanned 35 acres of crop in 15 minutes, generating 91
multispectral images per day. Multispectral Miscanthus photos
with a resolution of 100 mm/pixel were generated, and high-
-quality daily images were generated automatically during the
growing season (Li et al. 2014). Remote sensing data was calcu-
lated for NDVT for the entire vegetation season. The results of
the analysis showed that the crop monitoring system [13] could
generate a high-resolution yield map of Miscanthus, with 84.96%
correlation with daily biomass growth. These data, as compared
to the system proposed [13], provided a 20% better effectiveness
of biomass accuracy estimation.

Height of the grass affects biomass yield. In [33] authors pro-
ved a strong correlation between the height and yield of the
Miscanthus crop. These observations have prompted researchers
to use laser scanning with a LIDAR technology (Light Detection
and Ranging) (SICK LMS 291) to monitor Miscanthus cultiva-
tion in Terrestrial Laser Scanning (TLS) systems: static and
dynamic (on the tractor) for plants height measurements [32].
Authors [32] have proposed the use of the Look-Ahead Yield
Monitor (LAYM) as a cost-efficient and more accurate method
for estimating the size of giant miscanthus in real time, predic-
ting its yield, selection of appropriate equipment, and optimal
winter harvest parameters. The effectiveness of using LIDAR
was 92% at a crop density of 62 stems/m?to 98.2% at a density
of 85 stems/m? When LIDAR the scanner was mounted on
a tractor and traversed along the edge of the M. giganteus field,
the stem height was recorded with an accuracy from 93.5% at
a speed of 0.41 m/s to 98.5% (0.05 m of error) at a speed aro-
und 0.22 m/s. Each data frame, consisting of 361 measurement
points, has been corrected for LIDAR, positions relative to the
field, using a scanner angle correction algorithm that enables
reliable measurement of grass height in both stationary and
dynamic modes. Based on the obtained data, the authors found
a strong linear correlation between the mass of the Miscanthus
stems and their height (R square 0.86).

The use of the LIDAR Scanner in Miscanthus yield estima-
tion has also been described by previous authors [6, 26], who,
among the limitations of using LIDAR for estimating Miscanthus
yields, listed weather-related conditions as the most important
limitations. Even in light weather conditions, light wind can
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move the blades of the grass, contributing to the unreliability
of the measurements. Another limitation in performing dynamic
measurements is the need to use a slow speed of the LIDAR
movement, because speed is inversely proportional to the data
density per unit length traveled. Here, one of the solutions is
to use a system of double LIDAR or multiple repetitions [32].

The undisputable advantage of ground-based remote sensing
systems located near the monitored target is their accuracy and
lack of dependence on cloudiness and radiation (reflected from
clouds). Data acquisition from such monitoring is less costly
than e.g. hyper-visual satellite images and is not as time-limited
as the use of satellites, because images of terrestrial systems can
be taken daily as needed. These techniques are therefore inde-
pendent of aerial measurement systems that depend on weather,
flight conditions, and time resolution, especially satellites, which
have a limited time resolution [1, 13]. The exception are drones
which can fly under clouds level and are less weather dependent
than satellites or pilot aircraft. As it is coupled with aerial and
satellite imagery analysis, a terrestrial, ground-based system of
real-time data processing algorithms enables efficient crop mana-
gement at every stage of plant development [15].

4. Satellite and aerial methods for
Miscanthus crops

Satellite and aerial remote sensing methods have been widely
used for many years for mapping and vegetation classification,
habitat mapping, biomass estimation in natural and anthro-
pogenic ecosystems, and to determine the plant phenological
stage [7].

In [24] authors proposed an integrated empirical model for
forecasting Miscanthus spp. crops, based on biomass yield data
and NDVT values obtained from georeferenced satellite remote
sensing data. The authors included variable crop conditions in
the proposed model, such as soil type, humidity, and climatic
data. Analysis of satellite data indicates that Miscanthus culti-
vation is largely independent of the soil type and are higher on
medium and light soils than on heavy, clay soils. Although the
acquired NDVI values from satellite imagery show a correlation
with the in situ yield of Miscanthus, the authors suggest that
the input parameters of the mathematical model describing
the shoot density of the plant should be enriched with informa-
tion about their height, as it also determines total Miscanthus
biomass.

The use of remote-controlled drones as well as helicopters,
airplanes, and balloons enables the acquisition of high-resolution
aerial imagery with better resolution than that from satellite
systems. Aerial remote sensing systems were also applied to
identify Miscanthus species abundance in natural and anthropo-
genic grasslands. In [16] authors obtained hyperspectral images
using the AISA (Airborne Imaging Spectrometer for Applica-
tions) system and demonstrated a method of Matched Filter-
ing (MF) as a specialized type of analysis of a mixture pattern
of spectra to estimate the number (expressed as a derivative
of the stem diameter and plant height) and density of M. sac-
chariflorus and Phragmites australis in wet meadows, where
these plants are the dominant species. Images with a spectral
range from 398 nm to 993 nm (at 10 nm) were obtained using
68 spectral channels of the radiometric resolution of 16 bits,
which enables the identification of small differences in the reflec-
tance values between the pixels. Hyperspectral images were
obtained from an airplane from the altitude of 1.438 m, and
the area of each pixel represented 1.5 m x 1.5 m of vegetation
cover [16]. The results obtained with the MF model and in
situ data showed a high correlation for M. sacchariflorus den-
sity (r = 0.89) and for the total number of stalks (r = 0.78).

For P. australis observation, slightly lower r values (0.43 and
0.58, respectively) were obtained. The authors point out that
the greatest limitation of the proposed method is the difficulty
in distinguishing the sought material on the image from back-
ground reflection [21, 31, 16].

In remote sensing monitoring of grasses in multi-species
communities, important elements are the plant characteris-
tics and the growth rate. These elements should be taken into
account when modeling the biomass yields of these crops. In
[16] authors believe that the probable cause of the differences in
the effectiveness of the proposed method is the morphology of
the growth of the examined grasses. The leaves of M. sacchari-
florus are relatively soft and tend to develop more horizontally,
covering almost the entire area under the plant (seen from the
top). This allows hyperspectral sensors to capture the pure spec-
trum of M. sacchariflorus, unaffected by background materials
such as soil, stones, or understory plants. On the other hand,
the leaves of P. australis are relatively hard, rigid, and grow
upright, thus revealing the soil and lower plants, which results in
a hyperspectral mixed spectrum of P. australis, soil, and under-
story plants. The morphological differences between these two
plants are the key to estimate the abundance and distribution
of M. sacchariflorus and P. australis in the studied area. These
authors believe that the critical point of the MF method is to
determine the characteristics of the spectral signature of a single
plant of a species as a reference sign. For Miscanthus, this was
possible due to its leaf morphology, whereas for P. australis,
the proposed method was not satisfactorily effective because
of the difficulty of selecting pixels containing only the selected
grass without disturbing the background [16].

In Japan, authors tested [7] a UAV remote sensing using
method as multi-rotor radar (“Falcon-PARS — UAV for Photo-
grammetry and Remote Sensing®) with a wetland vegetation
monitoring camera in an area dominated by Phragmites aus-
tralis and M. sacchariflorus. It took 11 min and 10 secs to take
pictures of the whole area of 100 m x 200 m from a height of
30 m. Images of spatial resolution (1 cm) and position accuracy
of less than 1 m (RMSE (Root Mean Square Error) were 0.974 m
and 0.360 m) were used to produce high resolution mosaics.
Based on the remote sensing data, it could be confirmed that
P. australis and M. sacchariflorus can be identified by visual
interpretation, because the results showed that the remote sens-
ing data correlated in more than 90 percent with data from in
situ, observations. The authors conclude that such systems can
be used for the direct identification of grassy plant species as
a non-destructive alternative to field research. Because of the
low altitude of the flight (below the cloud level), air-to-ground
observation is possible even on cloudy days, allowing observa-
tion at any time of the year [7].

The UAV (Unmanned Aerial Vehicle), compared to the classic
manned airborne remote sensing methods, provides low oper-
ational complexity and competitive costs. In addition, remote
sensing devices located on UAVs provide high spatial, spectral,
and temporal resolution data [3, 8, 4]. In [12] authors used
the UAV method to map vegetation in the Niida River valley
near Fukushima, Japan. The research was conducted the aerial
photography using a UAV and created a vegetation map from
the aerial photographs taken by the UAV. A controlled quad-
copter with a multispectral camera and ArcGis9 software was
used to analyze plant communities dominated by P. australis,
Typha domingensis, and M. sacchariflorus. From the photo-
graphs taken by the UAV, shape and number of plants could be
shown in detail, enabling precise distinguishing in terms of mor-
phology. Photos of the UAV also enabled to precisely recognize
the distribution of many plant communities due to the accurate
vegetation maps [12]. The schematic diagram of the general
process of mapping using the UAV method is shown in Fig. 1.
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Fig. 1. Diagram of the mapping process with UAV method used in plant communities (P. australis, Typha domingensis, and M. sacchariflorus)

monitoring in Japan [12]

Rys. 1. Schemat procesu mapowania metodg UAV zastosowang w zbiorowiskach roslin (P. australis, Typha domingensis i M. sacchariflorus) w Japonii [12]

The UAV remote sensing methods for monitoring natural and
anthropogenic vegetation cover are a good supplementation to
existing satellite monitoring methods and aircraft platforms,
due to their low cost, accuracy, weather resistance, and high
resolution of generated images [27]. In addition, remote sensing
UAV technology can be used for long-term monitoring espe-
cially where vegetation field studies are difficult, e.g. in raised
bogs. This method also enables to maintain the reproducibility
of photographed positions in areas inaccessible for field trips.
The application of UAVs reduces the risk of working in diffi-
cult terrain conditions while obtaining highly accurate measu-
rements [20, 7, 12].

5. Remote Sensing of natural Miscanthus
spp. communities monitoring

Remote sensing methods for vegetation monitoring have been
applied to study Miscanthus communities, mainly to confirm
a high correlation between vegetation index (based on the pro-
portion of reflectance of visible light and near-infrared) and
radiation actively used in photosynthesis — IPAR (Intercep-
ted Photosynthetically Active Radiation) [11]. In [29] authors
showed that measuring reflectance spectra allows for a more
accurate and reliable estimate of the energy PAR (Photosyn-
thetically Active Radiation), even in the final stages of the
growing season, compared to the traditional standard longitu-
dinal photosynthesis PAR sensors. Furthermore, the waveform
data of reflectance are useful for monitoring aging and ripe-
ning of Miscanthus plants which, in a more advanced stage of
crop development, affect the quality of the biomass during the
combustion process [10]. Due to spectral signatures of crops
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it is possible to monitor the important qualitative and quan-
titative features at every developmental stage of the Miscan-
thus crop [11].

Remote sensing methods can also be used to estimate the
efficiency of water use — in the scale of the cultivation crop
and of the region [22]. In cellulosic crops for energy purposes,
such as Miscanthus spp, biomass production depends largely on
the intensity of irrigation, because the cultivation of cellulose
can consume more water than food crops [28]. Previous data,
obtained both from field measurements and from mathematical
modeling [22] have proven that the Miscanthus spp. crops are
characterized by higher productivity than other C4 plants and
consumes more water than, for example, maize. Further analy-
sis showed that Miscanthus had the greatest efficiency of water
use in relation to the production of net biomass [22]. With the
same level of water use, millet and Miscanthus sequester similar
amounts of carbon, while the maize cultivation carbon balance
was negative. The authors of the above mentioned study the-
refore stress the need to increase the amount of data from field
observations in order to improve ecosystem modeling and to
conduct analyses on a wider scale.

Remote sensing methods have also been applied in the ana-
lysis of the biodiversity of natural grassland ecosystems with
Miscanthus as the dominant genus. Economical, large-scale,
long-term, and continuous monitoring of plant populations
dominant in communities is one of the few available tools to
assess biodiversity in wet land plant communities which are dif-
ficult to access. The analysis of large-scale grass communities is
extremely costly and time-consuming [34]. Therefore, a method
that can rapidly and efficiently collect data over a large area is
crucial for effectively monitoring vegetation conditions, such as
the degree of coverage or the diversity of dominant species in
wetland grass ecosystems.
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The analysis of Miscanthus spectral signatures was also used
[11] on the selection and frequency of its genotypes, which is
important because of its origin and adaptive abilities to new
habitats. European Miscanthus plantations were measured with
the spectral signature and results were obtained as the ATIPAR
(accumulated IPAR). Measurements and analysis of the spectral
signatures allowed to separate the species with a high produc-
tivity, depending on the habitat [11].

6. Conclusions

The development of diagnostic and forecasting tools based on,
simultaneously or separately, field and satellite remote sensing
methods may be useful for the improvement of crop yields and
the systematic supply of energy crops biomass. Data obtained
from satellite monitoring can also be used as a support tool for
national statistical system monitoring of biomass yield within
a country or region.

The use of aerial, and satellite remote sensing methods allows
the monitoring of Miscanthus crops cultivated for bioenergy
purposes and the evaluation of natural grass communities, with
a precise division into plant groups even in areas difficult to
access. Table 1 contains comparison of remote sensing meth-
ods used in Miscanthus monitoring with advantages and dis-
advantages. In general, remote sensing systems provide high
resolution images and are therefore a valuable alternative to
field research due to limiting or eliminating vegetation damage.
Images were obtained from aerial systems such as the AISA
(Airborne Imaging Spectrometer for Applications), multi-ro-
tor radar (“Falcon-PARS”) and analyzed by special designed
method to estimate the number and density of Miscanthus spp.
among other grass in wet meadows.

The results of aerial remote sensing application, showed that
data correlated in more than 90 percent with data from in situ
observations, what gives good prognosis that such systems can
be used for the direct identification of grassy plant species in
non-destructive field research. The use of aerial remote-sensing
platforms, because of the low altitude of the flight enables acqui-
sition of high-resolution aerial imagery even on cloudy days,
what is advantages in comparing to satellite systems.

Satellite remote sensing methods provide data of large scale
monitoring. What gives useful tool for the improvement of
Miscanthus crop yields and biomass production management
strategies, systematic supply of energy crops biomass and gives
a support tool for national statistical system monitoring of bio-
mass yield within a global, country or region scale. Moreover,
the analysis of large-scale remote sensing data were used in
mathematical modeling in order to assess the yield and water
balance in the cultivation of Miscanthus energy crops to evalu-
ate water use efficiency, depending on the cultivated ecosystem
type in the United States.

The findings from various studies confirm that remote sens-
ing methods are an effective tools for monitoring biomass of
plant communities such as Miscanthus. In the future, RS based
methods will be improved by decreasing the time spent on field
research and labor, and can also be used to quantitatively eval-
uate plant height of Miscanthus, and what is more important,
can provide homogenous data in regional or global scale
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Table 1. Comparison of different methods used in vegetation crop (Miscanthus yield) monitoring
Tabela 1. Poréwnanie metod monitorowania plonu biomasy (Miscanthus spp.)

Remote sensing
technology used to
study Miscanthus

Description

Pros

Ground-based

Ground-based remote sensing techniques
consisting of laboratory and field tests on
a small scale using such tools as multi- or
hyperspectral cameras, terrestrial laser
scanning, spectrometers, etc.
Ground-based techniques give
opportunities to determine the dynamics
of the yield.

It is possible to predict (from 65% to
85% accuracy via multi- or hyperspectral
images or 92% to 98.5% accuracy via
Lidar) Miscanthus yield in the early stage
of the vegetative season.

— high resolution data and accuracy,

—no atmospheric effect,

— possibility of carrying out systematic monitoring,

—real-time assessment of the acquired data,

— the ability to analyze multiple wavelengths of the
spectrum (multi- or hyperspectral cameras),

— ability to obtain 3D data using point clouds,

— can be use/treat as reference data,

— precise selection and measurement of
sample position.

Aerial-based monitoring

Remote sensing techniques at the aerial
level mainly use aerial photographs
acquired by multi- or hyperspectral
cameras and aerial laser scanners. They
can be installed both on small UAV or
manned airborne platforms.

Aerial techniques are more effectiveness
of monitoring of agricultural and
ecological systems than the satellite-based
monitoring (high correlation with in situ
data 90%)

— high resolution data,

— high accuracy,

—no atmospheric effect on low flight altitude,

— flight possibility even on cloudy days, allowing
observation at any time of the year,

— possibility of carrying out systematic monitoring
(rather, not every day),

—real-time assessment of the acquired data,

— the ability to analyze multiple wavelengths of the
spectrum (multi- or hyperspectral cameras),

— ability to obtain 3D data using point clouds,

—non-destructive alternative to field research,

— opportunities to determine the dynamics of
the yield,

— UAV compared to the classic manned airborne
remote sensing methods, provides low operational
complexity and competitive costs,

— superiority of air methods for mapping vegetation
communities difficult to reach in comparison to
traditional field observations,

— enabling precise distinguishing in terms
of morphology,

— data acquisition for areas difficult to access,

— precise division into plant groups,

— low altitude of the flight enables acquisition of high-
resolution aerial imagery even on cloudy days, what
is advantages in comparing to satellite systems.

Satellite-based
monitoring

Using Satellite-based monitoring, multi-
or hyperspectral image data can be
obtained. Satellite data are best suited
for conducting remote sensing analyzes
on a country, regional or global scale but
due to the low resolution (resolution of
images obtained from satellite systems
is relatively low compared to that of
airborne systems) it does not give very
high accuracy results.

— the ability to analyze multiple wavelengths of
the spectrum (more than in other remote sensing
techniques with a higher radiometric resolution),

—non-destructive alternative to field research,

— cost-effective way especially in large areas,

— opportunities to determine the dynamics of the yield
in global scales,

—rough classification of vegetation,

— continuously providing mapping of large surfaces at
different spatial and temporal resolutions,

— possibility to mapping vegetation and
soil parameters,

— support national statistical system monitoring of
biomass yield within a country or region,

—results of analyzes on a large scale,

— data acquisition for areas difficult to access,

— easily accessible multi-temporal data,

— ability to obtain 3D data using point clouds (from
stereo-matching),
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— problematic, especially for large areas, [33]

— only provide point-to-point information, 1]

— destructive field research, [32]

— high cost of acquisition for a larger area, [26]

— time-consuming for a larger area, [6]

— weather-related conditions (light wind can move [13]
the blades of the grass, contributing to the
unreliability of the measurements),

— measurement accuracy depends on the
technology used.

— problematic, especially for very large areas (UAV), (3]

— high cost of acquisition for a larger area (manned 8]
airborne platforms), [7]

— time-consuming for a larger area (UAV), [27]

— weather-related conditions (light wind can move [4]
the blades of the grass, contributing to the (12]
unreliability of the measurements),

— measurement accuracy depends on the GPS
connection (Lidar),

— flight dependent on weather,

— the field lighting conditions should be taken
into account.

— low resolution data, accuracy, geo-localization of [21]
acquired data and problem of co-registration with [31]
field based data, [16]

— require large field sample plots, [1]

— cloud and atmospheric effect, [13]

— the field lighting conditions should be taken [24]

into account,

— problem with acquiring data at any time,

— processing including atmospheric corrections,

— data acquired with time delay compared to aerial
and ground — based data.
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Pofautomatyczne pomiary metoda teledetekeji do monitorowania
bioenergetycznych upraw Miscanthus spp.

Streszczenie: w pracy przedstawiono przeglad najnowszej literatury dotyczgcej mozliwosci
zastosowania technik teledetekcyjnych naziemnych, lotniczych i satelitarnych do monitorowania,
prognozowania plonu oraz oceny zbiorowisk naturalnych bioenergetycznych traw nalezgcych do
Miscanthus spp. Zgodnie z dyrektywg 2009/28 kraje nalezace do Unii Europejskiej zobowigzane
sg do 2020 r. do zwiekszenia udziatu produkcji energii z odnawialnych zrédet o 20%. Cel ten moze
zostacé czesciowo osiggniety przez wykorzystywanie biomasy na cele energetyczne. Monitorowanie
wzrostu bioenergetycznej trawy — miskanta, jednego z najbardziej perspektywicznych gatunkdéw roslin
uprawnych, jest istotne nie tylko ze wzgledu na jego przeznaczenie jako uprawy bioenergetycznej,
ale takze ze wzgleddw srodowiskowych. Poniewaz miskant jest gatunkiem obcym w Europie,

jego niekontrolowane rozprzestrzenienie sie moze zagrozic¢ réznorodnosci gatunkéw rodzimych.

W przeciwienstwie do tradycyjnych metod obserwacji zbiorowisk miskanta, metody teledetekcyjne
dostarczajg doktadnych danych o stanie biomasy i jakosci zbiorowisk. Metody te sg wysoce
wydajnymi narzedziami do precyzyjnej oceny ilosciowej i jakosciowej upraw oraz monitorowania
naturalnych zbiorowisk roslinnosci, m.in. miskanta.

Stowa kluczowe: bazy danych, Miscanthus spp; metody teledetekcyjne, monitoring
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