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ABSTRACT

On the basis of the analysis of Landsat 7 and 8 satellite images, compared to field researches, differentiation
of plant cover of “Bagno Chlebowo” Natura 2000 Site was shown. Vegetation indices NDVI, RVI, the con-
tent of chlorophyll “a” in the water, changes of vegetation cover in infrared and natural colour compositions

were taken into the consideration.
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INTRODUCTION

The range of visible light makes a slight percentage
of electromagnetic radiation reaching the Earth. Uti-
lization of radiation from the scope of near and far
infrared reflected and absorbed by plants constitutes
the basis for remote sensing research of vegetation
(e.g. Campbell and Wynne, 2011; Jones and Vaughan,
2010; Wisniewska, 2013). To that purpose remote
sensing uses images from aircrafts, from the ground
and satellite images. Over 40 years have passed since
the moment the first Landsat satellites were put into
the circumterrestrial orbit (23 July 1972). Satellites of
this series were intended from the very beginning to
monitor changes of the environment because of mak-
ing images both in visible light and in multispectral
bands. Their usefulness also results from general data
availability and a long operation period, whereby they
are perfectly suitable for tracking changes that un-
dergo in nature (e.g. Ostapowicz, 2012; Piekarski and
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Zwolinski, 2012). The aim of the study was to check
these possibilities in research on changes of vegetation
undergoing in the “Bagno Chlebowo” Natura 2000
site at the base of satellite images generated from sat-
ellites Landsat 7 and Landsat.

RESEARCH AREA

The “Bagno Chlebowo” Natura 2000 site (PLH
300016) is situated in the catchment of the Ludomicki
Canal, ca. 10 km long, that flows through the Konczak
Canal into the Warta River near the village of Stobnica
(Fig. 1). The area is situated between 52°44'41.82"
and 52°43'41.41" of north latitude and 16°44'18.73"
and 16°46'20.92" of east longitude. A significant part
of the total area of 465.31 (SDF, 2013) is occupied by
peat bogs, surrounded by vast chains of dunes from the
north, west and south, overgrown with pine coniferous
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Fig. 1. Location of the “Bagno Chlebowo” Natura 2000 site (dark green frame) and nature
reserve “Bagno Chlebowo” (red dot) at the base of the Notecka Primeval Forest (light
green area)

Rys. 1. Lokalizacja obszaru Natura 2000 ,,Bagno Chlebowo” (ciemnozielona otoczka)
i rezerwatu przyrody ,,.Bagno Chlebowo” (czerwony punkt) na tle Puszczy Noteckiej (ob-
szar jasnozielony)

i

Fig. 2. Satellite image of the “Bagno Chlebowo” Natura 2000 site (red frame) and nature
reserve (yellow frame) with noticeable open water tables (Apis, 2012)

Rys. 2. Obraz satelitarny obszaru ,,Bagna Chlebowo” (czerwona obwodka) i rezerwatu
przyrody (zotta ramka) z widocznymi otwartymi lustrami wody (Apis, 2012)

146 www.forestry.actapol.net/



Czyz, P., Kowalik, A., Rutkowski, P. (2016). Application of Landsat satellite images for research on changes of vegetation condi-
tions in the “Bagno Chlebowo” Natura 2000 site. Acta Sci. Pol. Silv. Colendar. Ratio Ind. Lignar., 15(3), 145-160. DOI: 10.17306/).

AFW.2016.3.17

forests, that constitute the eastern edge of the Notecka
Primeval Forest.

The analysis of historical data points to the con-
tinuing process of peat digging in this area (Welnicka
et al., 2015), which took on an industrial character af-
ter the end of the Second World War. The effects of
peat digging are the open water tables in pits where
peat was dug, noticeable until now (Fig. 2).

An attempt to protect the most valuable parts of
the peat bog was establishing in 1959, by decision of
the Minister of Forestry and Timber Industry, the na-
ture reserve ‘“Bagno Chlebowo”, with a surface area
of 4.42 ha, that constitutes approximately 1% of the
present Natura 2000 site under the same name.

MATERIAL AND METHODS

For analyses the available free images from satellites
Landsat 7 and Landsat 8 were used (http 2015a, http
2015b, http 2015¢). The images were made in resolu-
tion 30 x 30 m and such value was assumed for cal-
culations for statistical purposes. The analyses were
carried out with Open Source software: QGIS ver-
sion 2.12.2 Lyon with free plug: Semi-Automatic
Classification Plugin. The images were subjected to
atmospheric correction using DOS1 algorithm in the
pre-processing process, pan-sharpened and converted
from K degrees to C degrees for thermal images.

Owing to the high number of vegetation indices
applied in remote sensing, the analysis was focused on
the most frequently applied indices, i.e. NDVI (Nor-
malized Difference Vegetation Index) and RVI (Ratio
Vegetation Index).

NDVI index is used to quantify the photosynthetic
capacity of plant canopies and

forecasting of yield crop and biomass production.
It also provides information on changes in chlorophyll
content, as well as information on water stress plants.

For calculation of the NDVI index the following
formula was applied (http, 2015c):

NDVI = (B4 - B3) / (B4 + B3) for Landsat 7 TM

NDVI = (TM5 — TM4) / (TM5 + TM4) for Landsat 8

Index RVI, recommended, among others, by
Wisniewska (2013) was used too. RVI, commonly
known as a Vegetative Index, exceeding the value of 1
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for the naked earth cover, and over 20 for very dense
vegetation cover.

For RVI the following formula was used (http,
2015¢):

RVI = B4 /B3 for Landsat TM
RVI=TMS5 / TM4 for Landsat 8

where:
B3, B4 — spectral channels of Landsat 7 satellite,
TM4, TMS5 — spectral channels of Landsat satellite 8.

Also the composition of infrared channels was
submitted to analysis (B4, B3, B22 for Landsat 7 and
TMS, TM4, TM3 for Landsat 8) and images in visible
light from 1975 to 2014.

The content of chlorophyll “a” in the water was
also analysed based on the available images. Ghezzi
et al. (1998) found that in case of LANDSAT TM data
the spectral reflection in TM3 range can be subtracted
from the spectral reflection in TM2 channel in order to
adjust the influence of radiation dispersion by inorgan-
ic particles suspended in water. Following this line of
thought they obtained the following form of depend-
ence with the determination coefficient R* = 0.738:

Chl-a [mg/m’] = 40.741 - [(pTM2*™ — pTM32™) /
pTMlatm]

where:

pTM1*™ pTM2™ pTM3#™ — gpectral reflection in
TM1, TM2 and TM3 channels, adjusted because of the
influence of the atmosphere.

Results of field studies carried out by the company
Apis (2015) were adopted as reference point between
the images and the condition on the ground.

RESULTS

Analysis of NDVI index

In total, for the winter period (January 2015) and sum-
mer (September 2014 and July, August and Septem-
ber 2015), for the area covered by the image shown in
Figure 3, NDVI index values ranging from —0.715 to
0.925 have been shown. These values coincide with
both minimum and maximum for the summer season.
In winter range was narrower (from —0.089 to 0.795),
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Table 1. Analysis results of NDVI coefficient for studied images
Tabela 1. Wyniki analizy wspotczynnika NDVI dla badanych zobrazowan

Image of — Zobrazowanie z dnia

Value — Wartos¢
2014-09-16 2015-01-06 2015-07-01 2015-08-02 2015-09-19

Minimal value 0.011 —-0.089 —-0.578 -0.262 -0.715
Warto$¢ minimalna

Maximal value 0.848 0.795 0.925 0.924 0.881
Warto$¢ maksymalna

Mean value 0.686 0.579 0.743 0.770 0.695
Srednia warto$¢

Standard deviation 0.094 0.159 0.101 0.115 0.130
Odchylenie standardowe

Pixel size X, m 29.992 29.992 29.992 29.992 29.992
Rozmiar piksela X, m

Pixel size ¥, m 30.101 30.101 30.101 30.101 30.101

Rozmiar piksela ¥, m
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Fig. 3. An example of NDVI analysis — comparison for images of 2015-01-06 and 2015-
-07-01 (http, 2015a; http, 2015¢)

Rys. 3. Przyklad analizy NDVI — poréwnanie zobrazowan Landsat 8 OLI z 2015-01-06
oraz 2015- 07-01 (http, 2015a; http, 2015c)
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Fig. 4. Graph of NDVI index area summary for images selected for analysis. In order
to make it more legible, the NDVI index values were grouped into classes (interval 0.1)

Rys. 4. Wykres zestawienia powierzchni indeksu NDVI zobrazowan wybranych do anali-
zy. W celu lepszej czytelnosci wartosci indeksu NDVI pogrupowano w klasy (przedziat 0,1)
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Fig. 5. Example of RVI analysis — comparison for images of 2015-01-06 and 2015-07-01
(http, 2015a; http, 2015c¢)

Rys. 5. Przyktad analizy RVI — poréwnanie zobrazowan Landsat 8 OLI z 2015-01-06 oraz
2015-07-01 (http, 2015a; http, 2015¢)
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Fig. 6. Graph of RVI index area summary for images selected for analysis. In order to
make it more legible, the RVI index values were grouped into classes (interval 0.1)

Rys. 6. Wykres zestawienia powierzchni indeksu RVI zobrazowan wybranych do analizy.
W celu lepszej czytelnosci warto$ci indeksu RVI pogrupowano w klasy (przedziat 0,1)

05 0 0.5 1I km 0.5 (I) 0.5 1 km

1984-07-11 2014-09-16

Fig. 7. Summary of images in visible light for 1984-07-11 and 2014-09-16 (http, 2015a). Areas with distinct
changes caused by peat digging were marked with a yellow arrow

Rys. 7. Zestawienie zobrazowan w §wietle widzialnym z 1984-07-11 (Landsat 4 TM) oraz 2014-09-16 (Land-
sat 8 OLI) (http, 2015a). Z6tta strzatka zaznaczono miejsce z wyraznymi zmianami wywotanymi eksploatacja
torfu

150 www.forestry.actapol.net/



Czyz, P., Kowalik, A., Rutkowski, P. (2016). Application of Landsat satellite images for research on changes of vegetation condi-
tions in the “Bagno Chlebowo” Natura 2000 site. Acta Sci. Pol. Silv. Colendar. Ratio Ind. Lignar., 15(3), 145-160. DOI: 10.17306/).

AFW.2016.3.17

2015-01-06

Fig. 8. Summary of exemplary images in NIR composition (unreal colours) dated 2015-
-01-06 and 2015-07-01 (http, 2015a; http, 2015c¢)

Rys. 8. Zestawienie przyktadowych zobrazowan Landsat 8 OLI w kompozycji NIR (bar-
wy nierzeczywiste) z 2015-01-06 oraz 2015-07-01 (http, 2015a; http, 2015¢)
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Table 2. Analysis results of RVI index for studied images
Tabela 2. Wyniki analizy wspétczynnika RVI dla badanych zobrazowan

Value — Wartos¢

Image of — Zobrazowanie z dnia

2014-09-16 2015-01-06 2015-07-01 2015-08-02 2015-09-19
Minimal value 1.023 0.836 0.267 0.585 0.166
Warto$¢ minimalna
Maximal value 12.173 8.743 25.704 25.486 15.865
Warto$¢ maksymalna
Mean value 5.762 4.355 7.757 9.153 6.383
Srednia warto$é
Standard deviation 1.437 1.685 2.895 3.388 2.126
Odchylenie standardowe
Pixel size X, m 29.992 29.992 29.992 29.992 29.992
Rozmiar piksela X, m
Pixel size ¥, m 30.101 30.101 30.101 30.101 30.101

Rozmiar piksela ¥, m

Fig. 9. Summary of percentage of dead trees in the areas I-VI. The values before the slash
[%] state the data of 2014, the ones after the slash — that of 2015. In areas V and VI no dead
trees were recorded in the years 2014 and 2015. Also the additional area, in which all trees
were dead in 2014 and 2015, was marked by red rectangle
Rys. 9. Zestawienie udzialu procentowego drzew martwych na powierzchniach I-VI.
Wartosci przed uko$nikiem [%] podaja dane z 2014 roku, po uko$niku — z 2015 roku. Na
powierzchniach Vi VI w latach 2014 1 2015 nie odnotowano drzew martwych. Na rysunku
zaznaczono tez dodatkowg powierzchnig, na ktorej w 2014 1 2015 roku wszystkie drzewa

byly martwe (czerwony prostokat)
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Fig. 10. Summary of exemplary analyses of chlorophyll “a” content in water according to
satellite images dated 2015-01-06 and 2015-07-01 (http, 2015a; http, 2015c¢)

Rys. 10. Zestawienie przyktadowych analiz zawartosci chlorofilu ,,a” w wodzie na pod-
stawie zobrazowan satelitarnych Landsat 8 OLI z 2015-01-06 oraz 2015-07-01 (http,
2015a; http, 2015¢)

Table 3. Results of analysis of chlorophyll “a” in water for investigated images
Tabela 3. Wyniki analizy chlorofilu ,,a” w wodzie dla badanych zobrazowan

Value — Wartosé Image of — Zobrazowanie z dnia
mg/m? 2014-09-16 2015-01-06 2015-07-01 2015-08-02 2015-09-19

Minimal value 1.366 0.000 2.293 0.230 0.000
Warto$¢ minimalna
Maximal value 4.458 2.134 5.997 5.113 4.695
Warto$¢ maksymalna
Mean value 2.983 0.431 3.746 3.491 2.823
Srednia warto$é
Standard deviation 0.270 0.789 0.591 0.487 0.350

Odchylenie standardowe
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Rys. 11. Wykres przedstawiajacy zalezno$¢ migdzy zawartoscig chlorofilu ,,a” w wodzie
a powierzchnig wod
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Fig. 12. Sampling areas for analyses dated 2015-05-03 and 2015-07-18 against Landsat
analysis for the composition of 2015-07-01 (the numbers on the map are numbers of meas-
urement points)

Rys. 12. Miejsca poboru probek wody (oznaczone numerami 1-7, 18-25) z 3 maja oraz
18 lipca 2015 roku, na tle analizy danych z satelity Landsat 8, dla kompozycji z 1 lipca
2015 roku
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Fig. 13. Sampling areas for analyses dated 2015-05-03 and 2015-07-18 against Landsat
analysis for the composition of 2015-08-02 (the numbers on the map are numbers of
measurement points)

Rys. 13. Miejsca poboru probek wody (oznaczone numerami 1-7, 18-25) z 3 maja oraz
18 lipca 2015 roku, na tle analizy danych z satelity Landsat 8, dla kompozycji z 2 sierpnia
2015 roku
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Fig. 14. Sampling areas for analyses dated 2015-05-03 and 2015-07-18 against Landsat
analysis for the composition of 2015-09-19 (the numbers on the map are numbers of meas-
urement points)

Rys. 14. Miejsca poboru probek wody (oznaczone numerami 1-7, 18-25) z 3 maja oraz
18 lipca 2015 roku, na tle analizy danych z satelity Landsat 8, dla kompozycji z 19 wrze-
$nia 2015 roku
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Fig. 15. Comparison of field data of 2015-05-03 with results of Landsat analysis for the
composition of the days: 2015-07-01, 2015-08-02 and 2015-09-19: b.l. — laboratory tests,
k.l. — Landsat composition
Rys. 15. Porownanie danych terenowych z 2015-05-03 z wynikami analizy Landsat 8 OLI
dla kompozycji z dni: 2015-07-01, 2015-08-02 oraz 2015-09-19: b.1. — badania laboratoryjne,
k.l. — kompozycja Landsat
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Fig. 16. Comparison of field data of 2015-07-18 with results of Landsat analysis for the
composition of the days: 2015-07-01, 2015-08-02 and 2015-09-19: b.l. — laboratory tests,
k.1. — Landsat composition
Rys. 16. Porownanie danych terenowych z 2015-07-18 z wynikami analizy Landsat 8 OLI
dla kompozycji z dni: 2015-07-01, 2015-08-02 oraz 2015-09-19: b.1. — badania laboratoryjne,
k.l. — kompozycja Landsat
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Fig. 17. Chart of summary of NDVI index area for images selected for analysis in view
of the data of 13.06.2000, being cross-reference to Figure 4

Rys. 17. Wykres zestawienia powierzchni indeksu NDVI wybranych do analizy zobrazo-
wan z uwzglednieniem danych z 13 czerwca 2000 roku, bedacy odnosénikiem do rysunku 4
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Fig. 18. Chart of summary of RVI index area for images selected for analysis in view of
the data of 13.06.2000, being cross-reference to Figure 6

Rys. 18. Wykres zestawienia powierzchni indeksu RVI dla wybranych do analizy zobrazo-
wan z uwzglgdnieniem danych z 13 czerwca 2000 roku, bedacy odnosnikiem do rysunku 6

www.forestry.actapol.net/

157



Czyz, P., Kowalik, A., Rutkowski, P. (2016). Application of Landsat satellite images for research on changes of vegetation condi-
tions in the “Bagno Chlebowo” Natura 2000 site. Acta Sci. Pol. Silv. Colendar. Ratio Ind. Lignar., 15(3), 145-160. DOI: 10.17306/).

AFW.2016.3.17

which is a natural consequence of plants winter rest

period. Plant cover showed on Figure 3 can be divided

into three distinct groups:

* pine forests, with similar winter and summer-
values of NDVI (values near to 0.7), which vast
complex extends mainly beyond the boundaries of
“Bagno Chlebowo” (within the area of occupying
only western part of Natura 2000 site)

* bogs, meadows and forests on peat, which show
a clear winter rest period (values near 0.2), passing
lush growth phase in the summer (when the index
achieve maximum values). Altered state of forests
on peat, compared to the pine forests outside the
Natura 2000 site, may indicate a growing share of
birch (Betula pendula and B. pubescens) in these
communities and equally transition of the of Vacci-
nio uliginosi-Pinetum into Vaccinio uliginosi-Betu-
letum pubescentis plant community

* the peat pits filled with water, which in winter have
aligned state with the index close to 0.0, differen-
tiating on summer, when the small patches reaches
NDVI value (—0.7), but most of reservoirs show in
Figure 3 mosaic of colors with values from 0.0 to
0.4. The mosaic of colors correspond to the vari-
ability of cover of water vegetation — depending on
the reservoir — of the genus Spirodela or Lemna.

Analysis of RVI index

Values of RVIindex ranged from 0.166 to 25.704. They
are summarized in Table 2, while the results for differ-
ent measuring seasons in Figure 5. RVI index in an
even stronger way highlights seasonal differences be-
tween winter and summer. In January 2015 RVI values
ranged from 0.836 to 8.743, the summer correspond-
ing to above mentioned extreme values. Obtained re-
sults of RVI index confirm the merits of dividing the
vegetation of Natura 2000 site and its neighbourhood
on 3 above mentioned NDVI groups, with a similar
interpretation. It seems, however, that the RVI index,
in a better way highlights the presence of pine (Pinus
sylvestris), which — apart from the forests outside the
Natura 2000 site — spreads in the western part of “Bag-
no Chlebowo” Natura 2000 site and surrounds the peat
pits. In the neighbourhood of the “Bagno Chlebowo”
nature reserve and to the east, to the border of Site, it
seems that the grater share achieves the birch (the RVI
values in July 2015 close to 15).
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Analysis in visible light
The analysis of images in visible light available from
1984 points to increasing anthropopressure related to
intensification of forest management, arable farming
and peat digging. A visual example of these phenom-
ena is shown in Figure 7.

The usefulness of such a type of data increases
with the improving of image quality, which is apparent
even in the comparison of images of 1984 and 2014,
however the quality is definitely worse than that of the
contemporary orthophotomaps.

Analysis in unnatural colours

(NIR - infrared composition)

The analysis of images in unnatural colours (NIR —
infrared composition) points, especially in winter, to
tree stands apart from the other types of vegetation,
equally differentiating the health state of the forests in
summer (Fig. 8). Visible summer differences could be
the result of the forest species composition, as well as
in forest health. In the western part of the Natura 2000
well visible are the pine stands, with the health similar
to the forests growing beyond the borders of Natura
2000 site, while in “Bagno Chlebowo” nature reserve
and in its neighbourhood a lighter colour distinguishes
pine and birch stands (Vaccinio uliginosi-Betuletum
pubescentis).

Analysis of chlorophyll “a” content in water

The primary algorithm was used for the analysis of
areas covered with large water reservoirs (Osinska-
-Skotak, 2009). Here, due to the small area of res-
ervoirs, in the analysis of the image of 2015-01-06
negative values appeared, which, for the needs of the
analysis, were replaced by the value “0” meaning, in
this specific case, the shortage of chlorophyll. All data
were presented in Table 3.

DISCUSSION

The quality of satellite images and the possibility of
their utilization are increasingly larger. A continuous
comparison of data collected by satellites with the re-
sults of ground observations and their interpretation
serve the improvement of this quality. Such a situa-
tion was encountered at this study too, which revealed
errors in the data collected by Landsat 7 satellite in
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2000. Taking into account the data of 13 June 2000,
the charts for NDVI index presented in Figure 4 and
RVI index shown in Figure 6 would look like in Fig-
ures 16 and 17.

From this data sheet it would arise that the veg-
etation exhibited a higher activity in January (2015)
than in June (2000), and this result would be difficult
to defend.

Information on operating errors of Landsat 7 satel-
lite in the described period is also confirmed by other
authors (Walawender et al., 2011).

Verification of data can also have importance for
ground observations. A good example are the results of
chlorophyll “a” content in water in the area of “Bagno
Chlebowo”. In this case taking samples for laboratory
analyses from a single point of the reservoir may be
responsible for the error, as it does not correspond to
average chlorophyll “a” content in the reservoir in all.

In this respect satellite data can be more credible,
although it may depend on the size of the reservoir.
For it is worth remembering that satellite data ap-
plied for testing of chlorophyll “a” content in surface
waters once related to seas and oceans only. And now
they also refer to large areas of freshwater reservoirs.
One reason for the differences between results of lab-
oratory analyses and satellite data for chlorophyll “a”
content in the study may be the fact that the inves-
tigated pits formed after peat digging are not very
large. The trees growing in the surroundings of the
reservoirs could have disturbed the transparency of
the image by casting a shadow on the water sheet.
However such observations confirm the research ne-
cessity this study was dedicated to.

CONCLUSIONS

Each of satellite images comprising data concerning
the NDVI index (Normalized Difference Vegetation
Index), RVI index (Ratio Vegetation Index), analy-
sis in visible light, near infrared analysis (NIR) and
chlorophyll “a” content in water have different signifi-
cance. Regarding the changes undergoing in the area
of “Bagno Chlebowo”, comprising merely peat dig-
ging, images in visible light are sufficient, although
the quality of satellite images gives way to the ortho-
photomap, which has a higher resolution. However, an
increasing area of pits formed after peat digging was
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demonstrated, and thereby a decreasing share of valu-
able habitats such as peat bogs.

An analysis of NDVI index showed relative stabili-
ty of the photosynthesis process in pine stands on min-
eral soil growing outside the Natura 2000 area, both in
the winter and summer seasons (NDVI ca. 0.78) and
significant changes undergoing in tree stands growing
in the area “Bagno Chlebowo” on peat, where NDVI
in the winter season fluctuates around 0.55, reaching
the value of almost 1.00 in summer. A similar reaction
of the tree stands is confirmed by the analysis of RVI
index, the values of which are similar for pine stands
on mineral soils outside the area, both in winter and
summer (in the range 6—8), whereas tree stands grow-
ing on peats have a discrepancy ranging from 6-8 in
January, to 13—15 in summer.

For the analysis of the health state of tree stands im-
ages in near infrared (NIR) seem to be useful, showing
convergence with the percentage share of dead trees in
the investigated tree stands.

With regard to images showing chlorophyll “a” con-
tent in waters of the area “Bagno Chlebowo”, a signifi-
cant divergence from the results of laboratory analyses
was revealed. These divergences may be affected by
differences resulting from the water sampling place,
differences in dates of image taking and water sam-
pling, that can be significant even in case of several
days intervals, especially in summer, or shadow cast
by trees surrounding the water reservoirs.
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ZASTOSOWANIE ZOBRAZOWAN SATELITARNYCH LANDSAT
DO BADAN NAD ZMIANAMI STANU ROSLINNOSCI
W OBSZARZE NATURA 2000 ,,BAGNO CHLEBOWO”

ABSTRAKT

W pracy przedstawiono zrdznicowanie roslinno$ci obszaru Natura 2000 ,,Bagno Chlebowo” na podstawie
analizy zdje¢ satelitarnych Landsat 7 1 8. Opracowania teledetekcyjne obejmowaty analizy: wskaznikéw
wegetacyjnych NDVI, RVI, zawarto$ci chlorofilu-a w wodzie, zmian pokrycia roslinno$ci w kompozycjach
barw nierzeczywistych i w $wietle widzialnym. Analiz¢ zobrazowan odniesiono do badan terenowych.

Stowa kluczowe: NDVI, RVI, chlorofil ,,a”, teledetekcja
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