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Abstract

Grigorov, B., Rusinko, A. & Vassilev, K. (2024). An approach for studying changes in ecology: A beech forest case
study from Pernik Province, Western Bulgaria. Bulg. J. Agric. Sci., 30 (Supplement 1), 90-96

The present study deals with the investigation of the beech forests of Pernik Province. It aims to test a methodological
approach for determination of the condition of beech forests. The area of research is located in the western parts of Bulgaria.
Forests represent an essential natural resource that impacts the quality of the environment and the population living in its vi-
cinity. The processes of mapping and monitoring of tree habitats has a long tradition in dendrology. Landsat 8 data has been
used for the calculation of the Normalized Difference Vegetation (NDVI) for the study area. Four months (May, June, July and
November) have been studied with the available satellite data. The tested methodological approach shows promise when it

comes to June and July, yet data regarding May and November is controversial.
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Introduction

Forests are a significant natural resource that affects the
quality of the environment and population (Touminen et al.,
2009; Uvsh et al., 2020; Xiao & McPherson, 2005). Forests
serve plenty of ecological functions like energy conservation,
a habitat for wildlife, water catchment functioning, reduction
of air pollution, have recreational, aesthetic and an economic
dimension (Brown et al., 2000; Kramer et al., 2001; Xiao
& McPherson, 2005). All these functions are influenced by
tree health, i.e., forest condition. The condition of forests
can serve as an indicator for global ecological change. Leaf
size, leaf color and pigmentation, leaf moisture, and stem
structure affect the health of vegetation. In addition, the char-
acteristics of forests are connected to other factors, such as

climate, land use, and other socio-economic factors (Chu et
al., 2019). With the gradual development of technology and
the pressure of the human population on global forests, their
health is decreasing (Touminen et al., 2009; Zaitunah et al.,
2018). Therefore, it is important to know the current forest
condition and, based on the results, make decisions about
their further management.

Mapping and monitoring of trees has a long tradition in
dendrology (Wilford et al., 2005). However, this precise meth-
od requires field surveying and thus, it is expensive and not
effective for big study areas (Alexander & Palmer, 1999; Xiao
& McPherson, 2005). Moreover, the methods of field survey-
ing are different among countries and/or have changed over
time. So, data comparisons are complicated or impossible for
some cases. On the other hand, satellite remote sensing data
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provides an appropriate tool to monitor landscape dynamics at
different spatiotemporal scales (Chu et al., 2019). Therefore,
satellite images are widely used in land use and land cover
mapping (Alix-Garcia et al., 2016; Hietel et al., 2004; Hoyos
et al., 2018), vegetation mapping (Potapov et al., 2015; Uvsh
et al., 2020), or mapping of agricultural areas (Griffiths et al.,
2013; Pazur et al., 2020) but the rates and patterns of recent
land changes remain unclear. Here we assess agricultural land
change for the entire Carpathian ecoregion in Eastern Europe
at 30 m spatial resolution with Landsat data and for two change
periods, between 1985-2000 and 2000-2010. The early peri-
od is characterized by post-socialist transition processes, the
late period by an increasing influence of EU politics in the
region. For mapping and change detection, we use a machine
learning approach (random forests.

Satellite technology has recorded significant technical
progress since the launch of the World’s first satellite mis-
sion — Sputnik in 1957. The most consecutive multi-spectral
satellite images are provided by Landsat. The first mission
of Landsat was launched in 1972. In 1984, spatial, geomet-
rical, and radiometric resolutions were enhanced with The-
matic Mapper sensor of Landsat-4. Current Landsat satellites
are Landsat-8, launched in 2013 and Landsat-9, launched in
2020. Both have Operational Land Imager (OLI) optical sen-
sor and Thermal Infrared Sensor (TIRS) (Hemati et al., 2021;
Rogan & Chen, 2004)Landsat plays a key role in systematic
monitoring of the Earth’s surface, enabled by an extensive
and free, radiometrically consistent, global archive of im-
agery. Governments and international organizations rely on
Landsat time series for monitoring and deriving a systemat-
ic understanding of the dynamics of the Earth’s surface at a
spatial scale relevant to management, scientific inquiry, and
policy development. In this study, we identify trends in Land-
sat-informed change detection studies by surveying 50 years
of published applications, processing, and change detection
methods. Specifically, a representative database was creat-
ed resulting in 490 relevant journal articles derived from the
Web of Science and Scopus. From these articles, we provide
a review of recent developments, opportunities, and trends in
Landsat change detection studies. The impact of the Landsat
free and open data policy in 2008 is evident in the literature
as a turning point in the number and nature of change detec-
tion studies. Based upon the search terms used and articles
included, average number of Landsat images used in studies
increased from 10 images before 2008 to 100,000 images in
2020. The 2008 opening of the Landsat archive resulted in
a marked increase in the number of images used per study,
typically providing the basis for the other trends in evidence.
These key trends include an increase in automated processing,
use of analysis-ready data (especially those with atmospheric

correction. Besides Landsat, there are also other satellite im-
ages from different remote sensing missions. For example,
CORONA, SPOT, Sentinel, MODIS, and also non-optical
datasets, mainly from radar (SAR) missions: ASTER, SRTM
etc. (Purnamasayangsukasih et al., 2016).

Satellite images contain a combination of bands with dif-
ferent wavelength. Using GIS, the composite images can be
created and used for imagery analysis. The biggest advantage
of multi-spectral satellite images is the fact that every specific
combination of single bands can highlight particular objects on
the Earth’s surface including vegetation (Huang et al., 2021;
Touminen et al., 2009). During the last decades, more than
one hundred vegetation indices have been derived (Xue & Su,
2017)vigor, and growth dynamics, among other applications.
These indices have been widely implemented within RS ap-
plications using different airborne and satellite platforms with
recent advances using Unmanned Aerial Vehicles (UAV and
are available for use in vegetation studies and forestry. One
of the most well-known indices is the Normalized Difference
Vegetation Index (NDVI) (Eastman et al., 2013; Huang et al.,
2021; Touminen et al., 2009). The NDVI is derived from re-
flectance of sunlight in the visible red and near-infrared (NIR)
wavelengths as a simple calculation: NIR minus red radiation
divided by NIR plus red radiation (Tucker, 1979). The NDVI
is sensitive to chlorophyll concentration, therefore, it is used
as indicator of (healthy) vegetation. Likewise, the NDVI can
be used for very quick delineation of vegetation from other
land use / land cover classes. On the other hand, the NDVI
is sensitive to phenological phases during the year. Thus, the
NDVI measurements over different seasons can exhibit sig-
nificant differences (Eastman et al., 2013). However, while
the spatial and temporal scales are harmonized in datasets, the
NDVI still provides an easily obtainable and high explanatory
tool for vegetation mapping on wide areas.

Studies, that included NDVI, that have been carried out
in the territory of Bulgaria include the ones of Bozhkov
(2017), Stoyanova et al. (2018) and Ivanov and Tyufekchiev
(2019). At the same time methodological studies (Nedkov et
al., 2021) also play an important role for the present research.

We hypothesize that the application of NDVI will pro-
vide stable data for the summer months.

The aim of the present study is to test a methodological
approach for determination of the condition of beech forests.

Materials and Methods

Case Study Area

The Pernik Province is located in South-West Bulgaria,
and it is adjacent to the capital city of Sofia. The West and
North borders of the study area overlap with the national bor-
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der with the Republic of Serbia, which follows the main ridges
of Karvav Kamak and Ruy Mountains (Figure 1). The North-
East border follows the orientation of Zavalska, Viskyar, and
Lyulin Mountains reaching the southwestern slopes of Vitosha
Mountain. The East boundary follows the main crest of Vito-
sha Mountain from its highest peak — Cherni vrah (2290 m), to
the Petrus peak (1454 m) from where it follows the periphery
of Verila Mountain, encompassing the source area of Arkata
river and its tributaries. In the south, the lower parts of Kon-
yanvska Mountain separate Pernik Province from Kyustendil
Province. The southwest border follows the foots of the Ze-
menska Mountain and the dividing ridge between the basins
of Treklyanska and Yavor river, known as Penkyovska Moun-
tain. Within these boundaries, the area of Pernik Province is
2396.8 km? or about 2.16 % of the total territory of Bulgaria.
Most of the mountains and ridges, as well as some of the
river valleys, such as Konska reka, Svetlya, Yavor, and Trek-
lyanska Rivers, are oriented from NW to SE (Figure 1). The
highest point within the boundaries of the administrative unit

is Cherni Vrah peak (2290 m) in Vitosha Mountain whereas,
the Struma Valley near the town of Zemen is the point with
the lowest elevation (about 560 m). A large portion of the
study area (31.23%) is occupied by flood plains and river
terraces, covering the extent of Pernik and Radomir graben
valleys. The Radomir graben valley with its surrounding
mountain slopes covers about 462.5 km?, while the area of
Pernik graben is significantly smaller — about 286.07 km? in-
cluding the adjacent mountain slopes (Ivanov, 1960; 1961).
The basin of Konska reka, known as Graovo, as well as the
Tran Valley (Znepole) are also examples of relatively flat ter-
rains with a low relief. At the same time, many mountains
fall within the perimeter of Pernik Province, namely Ruy,
Karvav Kamak, Erul, Strazha, Lubash, Cherna Gora, Golo
Bardo, and Rudini Mountains, etc. which are considered to
be part of the Kraishte physiographic region of Bulgaria.
Mountains like Zavalska, Viskyar, Lyulin, Vitoha and Verila
are a part of the Srednogorie Region. Due to this variety of
landforms, the mean elevation of the study area is 8§74.8 m.
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Fig. 1. Location of the study area of Pernik Province in the western part of Bulgaria
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The predominant part of the study area (80.25%) has
an elevation between 600 and 1000 m and the climate is
temperate or mesothermal Cfb according to Koéppen clas-
sification (Toplyiski, 2006) with no pronounced dry season
and without significant precipitation difference between
seasons. Terrains with an elevation between 1000 and
1600 m cover 18.53% of the study area, thus affecting the
parameters of local climate by increasing annual precipita-
tion sums and decreasing monthly air temperatures. These
conditions are optimal for the development of different
types of vegetation, mainly deciduous forests. Neverthe-
less, the record low temperature for Bulgaria (-38.3 °C)
was measured at Tran in 1947 and temperature inversions
are a common phenomenon in both the autumn and the
winter months.

The variety of abiotic factors within the Pernik Prov-
ince determine the vast diversity of landscapes, habitats,
and its ecological conditions which reflect the dominant
vegetation and the variability of soil cover. Significant ar-
eas such as Golo Bardo ridge and the south-west slopes
of Vitosha Mountain are comprised of carbonate sediment
rocks, mainly limestone and dolomites, which have been
karstified. The presence of surface karst landforms prevents
the formation of thick soil cover and the development of
forest vegetation. Steep mountain slopes are prone to ero-
sion which also affects the vegetation canopy. As a result
of the continuous anthropogenization of the area due to ag-
riculture and coal mining, the natural vegetation has been
replaced by secondary communities in many places.

Theoretical Implications

Images from Landsat 8 (Landsat Collection 2 Level-2,
Landsat 8-9 OLI/TIRS C2 L2) have been explored. Addi-
tional criteria have been applied to sort out and reduce the
number of images with land cloud cover with values from 0
to 10. NDVI values have been calculated for all of them. In
the end four months stood out. The months of May, June and
July were picked due to the fact that the highest NDVI re-
sults that have been uncovered in them. November has also
been chosen to get the lowest possible of the high NDVI
values that could be used for a comparison. The months
from December to April were excluded from the study due
to intense snow cover. Composite bands were created to
get the NDVI by using the Image analysis tool in ArcGIS
10.6.1. NDVI values have been used to reveal the condition
of the beech forests in Pernik Province. Data, regarding
forest distribution, has been provided by the National For-
estry Inventory. The condition has been determined by the
application of the following classes (https://eos.com/blog/
ndvi-fag-all-you-need-to-know-about-ndvi/):

-1-0 Dead plants

0-0.33 Unhealthy plants

0.33-0.66 Moderately healthy plants
0.66—1 Very healthy plants

Results and Discussion
Four particular Landsat 8 images have used for the anal-
ysis (Table 1).

Table 1. Landsat 8 images that have provided the basis
for the analysis

May 2021.05.13
June 2021.06.30
July 2021.07.16
November 2021.11.05

Figure 2 displays the NDVI values for Fagus sylvatica L.
forests for the four months. High values are peaking in May
(0.60). This may be explained by its physiological patterns
(Berveiller & Damesin, 2008). They are the lowest in No-
vember when photosynthesis levels are very low.
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Fig. 2. NDVI values (high and low) for Fagus sylvatica L.
forests in the territory of Pernik Province

Figures 3 and 4 are dealing with the condition of the for-
ests that are dominated by Fagus sylvatica L. 1t is broad-
leaved and its forests are covering the largest territory of
Pernik Province when it comes to deciduous forests cover.
It is a typical species for the whole country and can be found
throughout the whole Europe from the southern parts of the
Scandinavian Peninsula to the shores of the Mediterranean
Sea. An analysis on its condition in a part of Bulgaria could
be useful from a continental point of view. Beach forests in
Pernik Province (Figure 3 and Figure 4) are predominantly
moderately healthy in May, June and July, while the numbers
are the opposite in November when photosynthesis lacks.
As for the month of May the moderately healthy individu-
als (121.5 km?) are almost twice, as much as the unhealthy
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plants (66.2 km?). The territories with unhealthy plants in
May are located to the east of the village of Studena, and
mainly between the villages of Strezimirovtsi and Penkyovt-
si. They can also be found to the northwest and southeast of
the town of Tran. Almost all Fagus sylvatica L. forests are
falling within the category of the moderately healthy plants
in the months of June and July, covering 185.31 km? and
186.1 km?, respectively. Unhealthy plants in June are taking
only 0.8 km? and can be located mainly to the north of the
village of Penkyovtsi. The same category takes 0.01 km? in
July, located mostly to the east of the village of Dren. The
picture becomes quite different when we look into Novem-
ber. Unhealthy plants are taking up to 183.9 km?. Moderately
healthy plants are covering only 3.8 km?2. They are sparse-
ly distributed mainly near the settlements of Strezimirovtsi,
Tran and Penkyovtsi to the west and northwest and to the
cast of the villages of Studena and Dren.

Forests and their health with a focus on global change
have been studied in the recent years and all of the above-
mentioned data may support this type of research. Ayers &
Lombardero (2000) and Trumbore et al., (2015) also empha-
sized on the importance of the definition of forest health, es-
pecially in the vicinity of climate change. They also focus on
how essential is to detect the implication of different stress
on forest ecology and the gravity of different types of distur-
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bance. Additionally, Pravalie et al. (2014) used Landsat TM
NDVI data for studying forest ecosystems in Southwestern
Romania. Their study area is not that far away from the focus
territory of the present investigation. Their data is from three
distinct moments from 1990, 2000 and 2011 and it can be
used for correlation. The scientists indicate the presence of
a stable connection between thermal stress and forest deg-
radation. A few years later Garcia et al. (2020) conducted
a study on forest regeneration and expansion in the face of
ecological change. The authors emphasize on the need of
evidence-based strategies, including pilot studies and long-
term monitoring.
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Fig. 3. The condition of Fagus sylvatica L. forests
in Pernik Province and the respective area they cover

[ Tran
. Btazimicovtsi

Breznik

e w Pemik
Penkyavisi e
L Kovechevisi Studena

Radomir

“ Zemen

Fagus sylvatica_June

Unhealthy plants S T D
B) healthy plants “’_ 5- 1 10 |

Serbis E
SRk

= Penkyoutsi

v Kavecheutsi *, Studena
=% s = SRy e
- _a‘);‘ Redarmi & /o
; . Zemen 4
‘ T k)
N wk
Wy . . TR
Fagus sylvatica_Navember Y a0 Ié-'--n’ i i
I unnesiny plants Fones
D) Wcderately nealthy plants

Fig. 4. The condition of Fagus sylvatica L. forests for the months of May (A), June (B), July (C) and November (D)



An approach for studying changes in ecology: A beech forest case study from Pernik Province... 95

All of the abovementioned research may be used as a
prove that changes in forest ecology are a matter of present
day interest and different approach is needed. Overall, the
proposed methodological approach in the present study adds
more value in the study of forest ecology. It shows promise
when it comes to the months of June and July, and it is con-
troversial for the months of May and November, due to the
presence of larger territories that include unhealthy plants.
Beech forests have a well-developed leaf cover in June and
July, therefore data about those of them that are falling with-
in the “unhealthy plants” has to be considered valid. On the
other side, the same individuals built up the forests in May
and November when more territories fall within this catego-
ry. This is mainly due to difference in photosynthetic levels
so these individuals should not be regarded as unhealthy.

Conclusions

The present study provided data about the condition of
the forests of Pernik Province, based upon the satellite data
of Landsat 8 and the application of the Normalized Differ-
ence Vegetation Index (NDVI). The condition of Fagus syl-
vatica L. forests has been studied for four months. The tested
methodological approach revealed that it can be applied only
for the summer months of June and July, when beech for-
ests are fully developed, which proved our hypothesis. At the
same time data, regarding the two other months of May and
November may be regarded as controversial. The successful
results of the present research can be applied in similar stud-
ies throughout the country.
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