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Introduction: Old-growth forests (OGFs) are vital for global biodiversity, acting as 
irreplaceable carbon sinks, fostering ecosystem stability, and preserving unique 
ecological and cultural heritage. There are three old-growth forests in the Republic 
of Srpska/Bosnia and Herzegovina (Lom, Janj, and Perućica). They are dominated 
by mixed forests of beech, fir, and spruce (Piceo-Abieti-Fagetim illyricum). The 
satellite imagery results confirm that the vegetational indices are crucial for 
monitoring old-growth forests. Vegetation indices provide significant information 
for monitoring forest ecosystems. Based on Copernicus Sentinel-2 images, remote 
sensing is enabled, providing data in various spatial and spectral resolutions. The 
analysis of images related to old-growth forests allows for monitoring the spatial 
dynamics of changes in vitality and the health status of forests. This research aims 
to characterize old-growth forests from space through vegetation indices to obtain 
a more in-depth analysis of the ecological condition of these forests.

Methods: The research methodology includes the application of Sentinel 
2A satellite imagery, which is taken from the European Space Agency (ESA) 
database. The Sentinel 2 mission consists of two identical satellites (Sentinel 
2A and Sentinel 2B) that have multispectral sensors with 13 spectral channels 
(bands) at spatial resolutions of 10, 20, and 60  m. The analysis included the 
normalized difference vegetation index (NDVI), enhanced vegetation index 
(EVI), soil-adjusted vegetation index (SAVI), and visible atmospheric resistance 
index (VARI). For determining the significance of differences in vegetation index 
magnitudes between old-growth forests, a one-way analysis of variance with 
equal repetitions was employed.

Results and discussion: The parts of old-growth forests are located in different 
stages of development, and the trees in them are characterized by different 
degrees of vitality and have different values of vegetation indices. It is assumed 
that parts of old-growth forests in the terminal phase of development with a 
large number of diseased and rotting trees have the smallest sizes of vegetation 
indices. This research aims to characterize old-growth forests from space 
through vegetation indices to obtain a more in-depth analysis of the ecological 
condition of these forests. Using satellite imagery and their analysis of the 
obtained sizes of vegetation indices, it is observed that there is a significant 
difference in their sizes between old-growth forests. The Janj old-growth 
forest stands out as the area with the highest NDVI values, followed by the Lom 
old-growth forest, while the Perućica old-growth forest has the lowest NDVI 
values. However, the Perućica old-growth forest has significantly higher values 
of EVI and SAVI vegetation indices, while the other two old-growth forests have 
approximately similar values. The VARI index values are highest in the Lom old-
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growth forest, slightly lower in the Perućica old-growth forest, and lowest in the 
Janj old-growth forest. The results of these studies indicate statistically significant 
differences in vegetation index magnitudes between old-growth forests. The 
application of Copernicus satellite data enables the monitoring of changes in 
vegetation index values, which is of great assistance in spatially defining the 
developmental stages in old-growth forests (OGFs). Considering the relatively 
small number of sample areas covered by these studies, similar research needs 
to be conducted on a larger number of sample areas (replications), especially 
during the vegetation period.

KEYWORDS

remote sensing, satellite images, development stages, vitality forests, dynamics of 
old-growth forest

1 Introduction

Old-growth forests (OGFs) are of paramount importance due to 
their unparalleled ecological significance. These ancient ecosystems, 
which are characterized by mature and undisturbed stands of trees, 
play a critical role in biodiversity conservation, providing habitats for 
numerous plant and animal species, including many that are rare, 
endemic, or endangered (Spies and Franklin, 1996). In addition, their 
importance is increasing due to specific intact microhabitats and the 
knowledge of carbon dioxide sequestration (Luyssaert et al., 2008).

The identification of developmental stages in OGFs is a key 
element in the study of forest ecosystems and their sustainable 
management. OGFs of the Republic of Srpska represent significant 
forest areas that require detailed monitoring and analysis of the state 
of vegetation to plan protection and management activities adequately. 
To form an OGF, nature needs to develop through its natural course, 
without human-induced activities. Depending on habitat conditions 
and tree species, the time period for its development lasts at least 120 
years. (Lazarova et al., 2014). The OGF is an ecologically stable forest 
with a solid and dynamic balanced relationship between climate, land, 
and organisms, and at the same time, preserved from human 
influence, which, in turn, could change the laws of life processes and 
the structure of the OGF itself (Korpel, 1995). OGFs are historically 
assumed to be a treasure of natural heritage because they preserve 
some old but well-verified messages about stability, security, and 
harmony of survival (Hartman, 1999).

Additionally, old-growth forests serve as substantial carbon sinks, 
sequestering significant amounts of carbon dioxide through the 
photosynthetic activity of their large, mature trees and storing it in their 
biomass. This carbon storage helps regulate atmospheric carbon levels, 
mitigating the greenhouse effect and contributing to the global fight 
against climate change. The intricate structure of old-growth forests also 
promotes watershed protection, prevents soil erosion, and maintains stable 
hydrological patterns, ensuring a sustainable supply of clean water for both 
ecosystems and human communities. A comprehensive understanding of 
the importance of old-growth forests is crucial for informed conservation 
and land management policies (Luyssaert et al., 2008).

The notion of old-growth forests may include both primary and 
secondary forests as long as the stands have developed for a long period 
without significant anthropogenic disturbance. Old-growth forests are 
characterized by functional, structural, and compositional characteristics 
that are normally associated with old primary forests of the same type. 

This notion is adopted by the European Commission (2015) and the 
Convention on Biological Diversity (CBD) (Barredo et al., 2021).

In addition, forests in Europe have been modified since the 
mid-Holocene period by clearing for cropland and pasture and have 
been used throughout history as a source of fuelwood and 
construction materials (Kaplan et al., 2009). As a consequence, intact 
forest ecosystems dominated by natural processes are rare in the EU 
(Potapov et al., 2017).

The old forestry expert, engineer Julius Fröhlich, who stayed in 
Bosnia at the beginning of the 20th century, noted that poor traffic links 
and the inability of mountain water flow for tree transport were the main 
reasons for the remaining “untouched” forests (Frölich, 1947). At the time, 
he warned Balkan foresters to preserve existing OGFs and noted that 
since forestry science began to develop, the need has emerged to learn 
from nature, especially in terms of the composition of forests and 
resources. Under the OGF, Fröhlich considers a forest composed of trees 
of all thickness and age, which was created naturally without human 
influence. Moreover, renowned Austrian forestry scientist Ludvig Dimitz, 
back in 1905, delighted by the magnificent appearance of these OGFs, 
noted that “There is a deep night here unseviated[sic] by no sunlight, the 
devical nature uncrothed[sic] and unharmed by any tools. Only heavenly 
fire, as pure as the one, quidsed[sic] over it. Yet powerful traces of struggle in 
this wilderness only bear witness to its size and they are a new form of 
its beauty.”

Research of OGFs in Bosnia and Herzegovina was actualized 
during the Austro-Hungarian rule (Dimitz, 1905) and then between 
the two world wars (Tregubov, 1941), but only after World War II, 
more extensive research of the basic structural characteristics of the 
Perućica, Janj, and Lom OGFs (Drinić, 1956) began, followed by the 
development of individual trees (Schütz, 1969), and ecological 
characteristics of OGFs (Manuševa et  al., 1967; Fabijanić and 
Manuševa, 1984).

Interest in scientific research on OGF in the Republic of Srpska 
grew rapidly at the beginning of the 20th century, and this research 
was more comprehensive and related to the structure and natural 
regeneration and developmental phases (Govedar, 2005; Keren, 2015), 
stand assembly characteristics (Bottero et al., 2011; Garbarino et al., 
2012), floristic composition, and plant communities (Bucalo et al., 
2007). According to the EU Biodiversity Strategy for 2030, the overall 
goal of conserving at least 30% of the EU’s land area has been 
proposed, and OGF may consistently contribute to reaching this goal 
(Barredo et al., 2021). These forests represent large storage of carbon, 
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sequestering it from the atmosphere and preserving the biodiversity 
and genetic potential of forests (Barredo et al., 2021). Given their high 
and unique ecological value, numerous activities in Europe have been 
initiated for mapping, determining the state, the dynamics of 
development, degree of vulnerability, and protection. Thus, since the 
beginning of the 20th century, new OGFs have been gradually 
established, which of now have a total of 12 in Bosnia and Herzegovina, 
18 in Croatia, and 3 in Serbia. However, the most important and best-
preserved OGFs of beech, fir, and spruce in Europe are found in the 
Republic of Srpska.

The developmental phases (the initial, optimal, and terminal) of 
old-growth forests include natural regeneration, stability, health status, 
and structural construction, so the values of vegetation indices differ. 
Previously mentioned studies are based on the hypothesis that the 
values of vegetation indices are higher at the initial and optimal stages 
than in the terminal development phase.

Vegetation indices are data calculated from different bands of 
multispectral recording based on absorption, transmission, and 
reflection of vegetation energy in different spectral bands. They serve 
as a graphic indicator of vegetation activity in the observed area. 
Differences in vegetation indices between covered and uncovered 
vegetation are noticeable (Xue and Su, 2017). Plants absorb 
wavelengths in the red and blue parts of the spectrum while repelling 
green light. Vegetation indices are dimensionless radiometric 
measurement parameters obtained by combining information from 

different bands, primarily the red and near-infrared (NIR) part of the 
electromagnetic spectrum (Maeda et al., 2016).

The primary aim of this research is to use vegetation indices for, 
i.e., remote detection, in accordance with the currently available study 
methods to identify development phases in old-growth forests located 
in the Republic of Srpska. In the research, a null hypothesis (Ho) was 
established, stating that there is no statistically significant difference 
in the magnitude of vegetation indices between OGFs.

2 Object of research

There are three OGFs in the Republic of Srpska, namely Lom, Janj, 
and Perućica (Figure 1). The management of these areas is defined 
based on the characteristics of a strictly natural reserve in accordance 
with the International Union for Conservation of Nature (IUCN) 
categories.

The Lom OGF is located in the western part of the Republic of 
Srpska on the “Klekovača” Mountain massif, i.e., on the Lom mountain 
ridge. It extends between 44° 27′ and 44° 28′ latitude and from 16° 27′ 
to 16° 30′ east longitude. The total area of this reserve is 297.8 ha, of 
which the core of the OGF occupies 55.8 ha.

The Lom OGF reserve was protected in 1956 as a strict nature 
reserve in which economic activity and any works that could impair 
the free action of nature are prohibited. The reserve is used for 

FIGURE 1

Geographical position of OGF and plot research.
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scientific research (Maunaga et  al., 2005). According to the 
categorization of the IUCN facility, it belongs to the category Ia (strict 
nature reserves), and in the original domestic official classification, it 
was classified in the I category (nature reserves), with an i protection 
regime. The area is located in the interior Dinarides, which is 
characterized by the clash of continental and maritime air masses. 
With this in mind, it can be concluded that the climate of this area is 
mountainous. The Lom OGF reserve extends in the higher sub-belt of 
the mountain belt, ranging from approximately 1,250 to 1,521 m above 
sea level (Bucalo et al., 2008).

Strict nature reserve OGF Janj (295.0 ha) is located in the western 
part of the Republic of Srpska. The reserve is located on the slopes of 
the Stolovaš massif in the municipality of Šipovo. It is located between 
44° 07′ and 44° 10′ north latitude and between 17° 15′ and 17° 17′ East 
longitude and extends at an altitude between 1,180 and 1,510 m. 
Within the Janj OGF, there exists a designated portion of the reserve 
(core) spanning an area of 57.2 ha, subject to stringent regulations. The 
surface of the sheath, which surrounds the strict part of the reserve, is 
237.0 ha, and the area of the unproductive part (path) is 0.8 ha. The 
World Heritage Committee of the United Nations Educational, 
Scientific, and Cultural Organization (UNESCO) declared the Janj 
OGF on 28 July 2021 as a natural asset of worldwide importance. The 
OGF thus became part of the expansion of the UNESCO world 
heritage sites within the project “Ancient and Primeval Beech Forests 
of the Carpathians and Other Regions of Europe” (94 sites from 
18 countries).

The Perućica OGF is located in the southeastern part of 
Bosnia  and  Herzegovina on the northern side of the Maglić and 
Volujak Mountains. The area it occupies is 1.434 ha. The OGF is part 
of the Sutjeska National Park, formed on 9 February 1962. Perućica 
itself was placed under the protection of the state on 17 May 1952 as 
a strict nature reserve. On that occasion, 1.234 ha of forest stands of 
OGF composition were separated from the felling of trees and forest 
exploitation. After 2 years, the boundaries of the reserve were extended 
to non-forest areas to harmonize with the configuration of the terrain 
so that the reserve then had a total of 1.434 ha. The area was expanded 
due to the rounding of the OGF coverage into one cohesive unit 
(Fukarek, 1964).

The lowest point of the OGF is at the confluence of the Perućica 
stream in Sutjeska, 592 m above the sea level, and the highest point is 
the trigonometry of the Maglić Mountain, 2,386 m above the sea level 
(Lučić, 2016).

In the researched areas, a mountainous climate prevails. 
According to the Köppen climate classification (1991–2020), the Cfc 
climate type (cool temperate, no dry season, and warm summer) 
dominates in all OGFs. Precipitation ranges from 1,100 to 1,300 mm 
throughout the year, and the air temperature during the growing 
season ranges from 11 to 14°C.

3 Method of research

Using the QGIS version 3.22.13, three sample areas were placed 
in each OGFs (Figure 1). The dimensions of the sample areas are 200 
× 250 m (5 ha). Later, the calculation of vegetation indices was carried 
out, and the zonal statistics for each sample area were used to 
comparatively analyze and interpret the results obtained.

The research methodology includes the application of Sentinel 2A 
satellite imagery, which is taken from the European Space Agency 
(ESA) database. The Sentinel 2 mission consists of two identical 
satellites (Sentinel 2A and Sentinel 2B) that have multispectral sensors 
with 13 spectral channels (bands) at spatial resolutions of 10, 20, and 
60 m. Multispectral recordings were taken in July and August 2022 
(OGF Janj on 17 August 2022, OGF Lom on 05 August 2022, and OGF 
Perućica on 8 July 2022). This period was chosen because it was a 
vegetation period, and vegetation was expected to be the most vital. 
The choice of downloaded shots also depends on cloudiness because 
it affects the quality of the shots and the accuracy of data processing. 
Therefore, days with minimal cloudiness above the research area were 
chosen to analyze the images.

Using the Semi-automatic Classification Plugin (SCP) tool, which 
represents an addition within QGIS, the atmospheric correction was 
performed employing the DOS1 method (Cangedo, 2018). 
Atmospheric correction was performed to avoid imperfections that 
could damage information, allowing one to obtain the value of 
physical surface reflection without the influence of atmospheric 
interference. The analysis is covered by the normalized difference 
vegetation index (NDVI), enhanced vegetation index (EVI), soil-
adjusted vegetation index (SAVI), and visible atmospheric resistance 
index (VARI) (Table  1). These indices were chosen because they 
represent vegetation indices that are most often used in research of 
this type (da Silva et al., 2020).

The utilization of various vegetation indices is crucial for assessing 
and monitoring plant health, as each index offers unique insights into 
different aspects of vegetation. For example, the NDVI is valuable for 
gauging overall plant vigor and health, while the enhanced vegetation 
index (EVI) provides enhanced sensitivity in areas with dense 
vegetation. Combining indices, such as the SAVI, can help account for 
soil background variations. The selection and integration of these 
indices play a pivotal role in comprehensive vegetation analysis and 
contribute to informed decision-making in diverse fields, including 
agriculture, forestry, and environmental science (Tucker, 1979; 
Gitelson et al., 2002; Smith et al., 2017).

With the help of these indices, the quantification of vegetation 
changes in the studied areas located at different stages of development 
in the OGF was carried out. This analysis includes a comparison of 
historical and current data, statistical tests, and other methods for 
obtaining relevant information.

TABLE 1 Formulas of vegetation indices.

Vegetation 
indices

Formula References

NDVI NDVI nir red
nir red

=
−
+

Rouse et al. (1974)

EVI EVI
nir red

nir red blue
=

−( )
+ −( ) +( )
2 5

6 7 5 1

,

,

Justice et al. (1998)

VARI VARI green red
green red blue

=
−

+ −
Gitelson et al. (2002)

SAVI SAVI nir red
nir R L

L=
−
+ +

× +( )1
Huete and Jackson 

(1987)
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In the final phase, an analysis of previously collected and 
processed data using the QGIS software program (version 3.22.13) 
was performed. QGIS provides a wide range of functions for working 
with different types of spatial data, including vector and raster data.

3.1 Accuracy assessment

To assess differences in vegetation index values, a one-way 
ANOVA with three groups (OGFs) and equal repetitions, 
specifically three sample plots (SP) in each group (OGF), was 
employed. The significance of differences between the empirical and 
theoretical levels was evaluated using the F test for a probability of 
α = 0.05, utilizing Statistica 10 software. The probability that a 
random variable of the F-distribution, with df1 = 2 degrees of 
freedom (the number of OGF reduced by 1) and df2 = 6 degrees of 
freedom (the number of SP reduced by 3), would exceed the F value 
is equal to the p-value. To make decisions about the significance of 
differences, the empirical level (p) was compared with the 
theoretical significance level (α = 0.05). Similar statistical 
assessments and research were conducted for various types of 
vegetation cover. To assess the significance of differences in the 
vegetation index values for different levels of grassland 
desertification, similar statistical analyses were performed (Xu 
et  al., 2022): the physiological condition of forests during dry 
periods (Volcani et al., 2005) and the changes in vegetation indices 
under different forest harvesting methods (Abdollahnejad 
et al., 2019).

4 Results

The results of the research showed that the photosynthetic activity 
of forest trees was the highest in the Janj OGF because, on average, the 

highest value of NDVI was 0.85540, while the lowest was 0.63580 in 
the Perućica OGF (SP3) (Figure 2).

The obtained results showed that EVI values were the highest in 
the Perućica OGF (values range from 0.76418 to 0.80822), while they 
were much lower in all sample areas in the Lom and Janj OGFs. The 
lowest values were in SP 1 (Lom), which was 0.36129, and slightly 
higher values were in SP  2 (Janj). These results suggested that 
atmospheric influences have a greater effect on the Lom and Janj 
OGFs than the Perućica OGF.

Considering the impact of land, the average values of the SAVI 
were the highest on SP 1 (Perućica), which was 0.64748. High values 
were also obtained on the other two sample areas in the same OGF 
(from 0.54122 to 0.55308). In the other two OGFs, values varied 
approximately. From the above, the significance and impact of the soil 
could be clearly noted.

VARI values on all sample surfaces in the Janj OGF were much 
lower than the other two surfaces. The values ranged from 0.09237 to 
0.12241. In the Lom and Perućica OGFs, the values varied 
approximately, so the highest value on SP 3 (Lom) was 0.20267.

A simple analysis of variance showed that there were statistically 
significant differences in the sizes of vegetation indices between OGFs 
for probability p < 0.05 (Table 2).

5 Discussion

The use of vegetation index values enables the assessment of the 
vitality and physiological activity of stands in OGF. The vitality of 
parts of OGF ecosystems depends on the health of the trees, which 
also influences the definition of developmental stages. OGFs are 
characterized by the initial, optimal, and terminal developmental 
phases (Leibundgut, 1982; Korpel, 1995). These developmental stages 
differ in numerous taxonomic elements (growth, volume, vitality, the 
quantity of deadwood, etc.).

FIGURE 2

Average values of vegetation indices on sample areas.
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The terminal developmental phase is characterized by a decline in 
tree vitality, a reduced quantity of assimilation organs, and a lower 
number of trees per unit area. It is expected that sections of the OGF 
in the terminal phase will have lower values of vegetation indices 
compared to the initial and optimal phases. The spatial distribution of 
areas in different developmental phases (silvigenetic phases) is not 
interconnected as a whole; rather, their arrangement is of a random 
nature (Gilg, 2005).

The differences in vegetation index values also arise due to the 
various methods of tree harvesting depending on the forest’s purpose 
(Sader et al., 2003). Characteristic vegetation index values depend on 
tree species (Vorovencii et al., 2023), allowing combinations of satellite 
images to be used for more precise determination of indices and the 
classification of tree species. Modern trends in extreme climate 
disturbances often lead to bark beetle infestations (Ips spp.), especially 
in spruce forests. These infestations cause abrupt changes in tree 
vitality, which is reflected in the vegetation index magnitudes (Bozzini 
et al., 2023). Although OGFs are stable ecosystems with balanced 
developmental phase cycles lasting 150 to 200 years in the Dinaric 
region (Mlinšek, 1965), pest infestations occur during the 
physiological aging phase of trees (the beginning of the terminal 
phase). Vegetation indices can serve as a good indicator of the health 
condition caused by disturbances due to bark beetle activity.

NDVI is one of the most commonly used vegetation indices. 
This index is used to quantify vegetation and is calculated based on 
the difference between the red and infrared spectrums. Vegetation 
absorbs light in the red spectrum to a greater extent and reflects it 
in the infrared spectrum. NDVI values range on a scale of −1 to 1, 
where negative values indicate cultivated areas or water, where 
there is no vegetation, while positive values indicate the existence 
of vegetation (Rouse et al., 1974). High NDVI values (0.6–0.9 μm) 
correspond to the dense vegetation found in the moored and 
tropical forests or crops at the peak of growth (Huete and Jackson, 
1987). Very small oscillations of NDVI in the Janj OGF are 
distinctive, and this is due to the large overgrowth and density of 
the lower floor, which is mainly made of beech (Fagus sylvatica L) 
(Figure 3). This is due to the fact that beech is a sciophyte capable 
of enduring the shading of older trees, providing it with greater 
flexibility regarding light regimes and more pronounced 

heliotropism compared to fir (Abies alba). The Lom OGF shows 
approximate values of NDVI from 0.78422 (SP1) to 0.82851 (SP3). 
These results indicate differences in vegetation density and vitality 
among the studied OGF.

The moderate resolution imaging spectroradiometer (MODIS) 
team has developed an EVI with the aim of taking full advantage 
of this sensor. EVI is similar to NDVI, a system with an additional 
feature of using the blue channel, which increases sensitivity to 
vegetation reflection. This modification of NDVI provides better 
detection of areas with greater biomass and minimal soil impact 
(Lee and Kaufman, 1986). Due to the use of the blue part of the 
spectrum, the EVI is limited to the design of individual sensors 
and the time period. When applying the index, coefficients (C1 
and C2) related to aerosol correction have been introduced, while 
the improvement factor is indicated by G, and the improvement 
factor is indicated is denoted by F. This modification of index is 
more sensitive to high concentrations of biomass and reduces the 
influence of the background of leaves, which incorporates the 
possibilities for monitoring vegetation (Vela et al., 2017). EVI is a 
vegetation index used to correct atmospheric influences when 
calculating vegetation parameters. The influence of topography 
cannot be easily overlooked when determining EVI. To minimize 
its significant impact on the sample areas in these studies, flatter 
terrains without pronounced slopes and configurations were 
chosen. It is noteworthy that EVI values tend to increase with the 
rise in the average. The air temperature in the conditions of the 
temperate zone of mixed forests (Zhang et al., 2023), where the 
investigated OGFs are located, plays a role in determining 
EVI. This is a consequence of a higher quantity of assimilation 
organs on trees, especially deciduous species (Fagus sylvatica, Acer 
pseudoplatanus, and Fraxinus excelsior), during the vegetation 
period. Additionally, the average temperature values during the 
vegetation period for the Perućica area are higher than in the 
other two OGFs, reflecting a greater quantity of assimilation 
organs and nearly double the EVI values in Perućica.

SAVI is used to assess vegetation cover on snapshots, considering 
the influence of soil (substrate). It was developed as a modification of 
NDVI to better cope with situations where there is a pronounced 
presence of bare soil or reduced vegetation cover. SAVI requires 
additional correction and adjustment depending on the specific 
conditions and characteristics of the terrain to achieve accurate results 
during the assessment of vegetation cover.

VARI is designed to emphasize vegetation in the visible part of the 
spectrum but, at the same time, mitigates differences in illumination 
and atmospheric effects. It is significant that this index can determine 
the proportion of vegetation with an error of less than 10% (Gitelson 
et al., 2002).

Understanding the Visible Atmospheric Resistant Index 
(VARI) is crucial for classifying the level of vulnerability to attacks 
by various pests and forest diseases. In commercial forests, based 
on this information about forest vitality, VARI enables the 
prioritization of more intensive protection measures based on the 
level of vulnerability. The average VARI values in the Janj OGF are 
higher than the other two OGFs, indicating greater vitality and 
better health. This is a result of the gradual development of the 
initial phase and the growth of beech trees in the understory, the 
lower layer of the stand. Although VARI serves as an initial analysis 
of the health status, it allows the identification of areas with 

TABLE 2 One-way ANOVA (vegetation indices).

SS df MS F p

NDVI

Intercept 5.267972 1 5.267972 24490.35 0.000000

OGF 0.079162 2 0.039581 184.01 0.000004

Error 0.001291 6 0.000215

EVI

Intercept 2.708611 1 2.708611 2229.935 0.000000

OGF 0.257222 2 0.128611 105.882 0.000021

Error 0.007288 6 0.001215

SAVI

Intercept 2.011026 1 2.011026 1063.869 0.000000

OGF 0.056835 2 0.028418 15.033 0.004604

Error 0.011342 6 0.001890

VARI

Intercept 0.203394 1 0.203394 1056.468 0.000000

OGF 0.009426 2 0.004713 24.481 0.001301

Error 0.001155 6 0.000193
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                                                              SP1                              SP2                                SP3 

NDVI 

Min(SP3) = 
0,805631  

Max(SP1) = 
0,883145  

EVI 

Min(SP3) = 
0,340521  

Max(SP2) = 
0,586909 

SAVI 

Min(SP3) = 
0,350556  

Max(SP2) = 
0,552284 

VARI 

Min(SP3) = -
0,15786 

Max(SP3) = 
0,26506 

FIGURE 3

Vegetation indices on the sample plots—the Janj OGF.
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different health conditions in forested areas. The obtained lower 
average VARI values in the Janj OGF may suggest poorer health 
conditions. However, this estimated VARI is not a completely 
reliable indicator of tree health, so for a more in-depth analysis, it 
is necessary to use a multispectral sensor at NIR wavelengths and 
perform multispectral image analysis in QGIS. This could be the 
subject of future detailed research aimed at defining the health 
status of OGF and developmental phases and assessing the 
dynamics of natural regeneration.

The reduction in vegetation cover in OGF can occur as a 
result of tree mortality and falling in the terminal phase of 
development, leading to lower values of SAVI. It is expected that 
these values will be the highest in the optimal phase. Differences 
between sample areas show that the highest coverage (canopy and 
stand density) is in the Perućica OGF, while the lowest is in the 
Janj OGF. The significant amount of deadwood in the Janj OGF 
on flatter terrain influenced the creation of areas with lower 
coverage but simultaneously supported the natural regeneration 
of the dead trees (Picea abies and Abies alba). Additionally, in 
other parts of the area, besides fir and spruce, beech (Fagus 
sylvatica L) is intensively regenerated. This indicates that the null 
hypothesis can be  accepted at a significance level of 0.05. 
However, for a more detailed analysis of the impact of structural 
characteristics and stand elements on differences in vegetation 
index magnitudes between and within OGFs, it is necessary to 
analyze a considerably larger number of sample areas in each 
OGF. Structural changes in stand composition occur as a result 
of environmental conditions and ecological characteristics of the 
main tree species forming the stands. The natural regeneration 
of beech in Perućica and Janj during the initiation dynamics of 
natural regeneration is a result of its bioecological characteristics 
and greater protection from climatic extremes under the canopy 
of old trees, which gradually die off and fall to the ground. In the 
Lom OGF, due to pronounced karstification of the terrain and 
greater fragmentation of the limestone geological substrate, the 
regeneration of the main species occurs in smaller biogroups 
or individually.

6 Conclusion

Based on the results of the research, it can be concluded that there 
are significant differences in the values of NDVI, EVI, SAVI, and VARI 
indices between the Lom, Janj, and Perućica OGFs. The Janj OGF 
stands out as the area with the highest value of NDVI, followed by the 
Lom OGF, and the Perućica OGF has the lowest value. However, the 
Perućica OGF has significantly higher values of EVI and SAVI, while 
the other two OGFs have approximately similar values. The values of 
the VARI are the highest in the Lom OGF, slightly lower in the 
Perućica OGF, and the lowest in the Janj OGF.

Differences in the values of vegetation indices may be  due to 
differences in species, vegetation density, ecological conditions, and 
the influence of atmospheric factors. Further research is needed to 
better understand the causes of these differences and to determine the 
associations between vegetation indices and the state of 
OGF ecosystems.

The combination of these and other vegetation indices can provide 
information about changes in the structure, productivity, and health 
of vegetation during different stages of OGF development. An analysis 
of these indices in space and time can help identify and monitor 
different stages of OGF development. However, it is important to note 
that vegetation indices themselves do not provide a direct distinction 
between specific stages of development but are used as indicators of 
changes in vegetation that can be  associated with certain stages 
of development.
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