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Abstract. Grasslands are essential agro-pastoral ecosystems in the Banat Mountains, contributing both to 
maintaining biodiversity and to supporting traditional land use activities. The purpose of this work is to evaluate 
the altitudinal distribution and vegetation cover of grasslands included in protected areas, by integrating spatial 
analyses with indicators derived from satellite images. The methodology included three stages: delimitation and 
quantification of grassland areas on altitudinal levels, identification of grasslands located above 500 m altitude 
and superimposed on protected natural areas, analysis of the degree of concentration at the area level and 
evaluation of the vegetation cover based on the NDVI (Normalized Difference Vegetation Index). The results show 
that an overwhelming proportion of grasslands (over 80% of the total 70,335 ha) are concentrated at altitudes 
below 700 m, while areas above 1100 m amount to less than 2%, indicating the strong dependence on the 
conditions of the lower mountain level. The grasslands included in the protected areas and located above 500 m 
cover 7,834.38 ha and present an uneven distribution between the TAUs, which is confirmed by the high value of 
the Herfindahl-Hirschman concentration index (HHI=0.80), which suggests a marked degree of polarization of 
the pastoral resource in only a few territories. The NDVI values, between 0.04 and 0.74 (mean = 0.56), show a 
generally favorable state of vegetation, almost 60% of the area being characterized by large and very high 
coverage. The study underlines the need for continuous monitoring of mountain grasslands in order to substantiate 
effective management measures for pastoral ecosystems in the Banat Mountains. 
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INTRODUCTION  
Mountain grasslands represent some of the most valuable agro-pastoral ecosystems in the temperate zone, 

through their role in sustaining biodiversity, storing carbon, protecting soils and maintaining traditional cultural 
landscapes (Simon et al., 2020; Vidican et al., 2020). Recent studies highlight that temperate natural grasslands 
have suffered massive surface losses on a global scale, being considered among the most transformed and least 
protected terrestrial biomes; only about 4–5% of native temperate grasslands today are included in official 
networks of protected areas, and the pressures generated by land conversion and increased use continue to affect 
their ecological integrity (Carbutt et al., 2017). In mountainous areas, grasslands are of particular importance due 
to the diversity of species and adaptations to harsh climatic conditions, where alpine grasslands constitute major 
nuclei of biodiversity and ecosystem services (Magiera et al., 2017; Dong et al., 2023). The relationship between 
floristic diversity and the stability of grassland ecosystems, demonstrated in long-term studies, supports the 
argument for the conservation of these habitats as a key element for ecosystem resilience in the face of climate 
change and anthropogenic disturbances (Cojocariu et al., 2010; Căluşeru et al., 2013; Chen et al., 2017; Xiong et 
al., 2019). 

At the same time, numerous studies highlight that, despite their ecological value, grasslands are 
underrepresented in protected areas and often poorly integrated into conservation policies, which have historically 
privileged forest ecosystems (Carbutt et al., 2017). Recent assessments show that grasslands located within 
protected areas can maintain a high level of plant diversity, even under grazing intensities comparable to those 
outside protected areas, if management is adapted to local conditions (Kachler et al., 2023). At the same time, 
semi-natural grasslands in European protected areas are considered habitats of priority interest, but remain 
vulnerable to abandonment, intensification or changes in land use, which calls for integrated management models 
that combine biodiversity conservation with traditional pastoral use (Copăcean et al., 2020; Gigante et al., 2024). 
In this context, the assessment of the spatial distribution of grasslands, including in relation to altitudinal staging 
and the network of protected areas, becomes essential for defining territorial management and planning strategies 
in mountainous areas. 

Recent advances in remote sensing have made it possible to monitor grassland vegetation in detail, spatially, 
at low cost and over large areas (Ali et al., 2017; Taravat et al., 2019; Reinermann et al., 2020; Simon et al., 2021). 
Vegetation indices derived from satellite imagery, in particular the Normalized Difference Vegetation Index 
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(NDVI), are widely used to characterize vegetation condition, vegetation cover, cover, and green biomass (Ma et 
al., 2019; Verrelst et al., 2019; Zhao, Qu, 2024). A recent synthesis on grassland productivity monitoring shows 
that more than 80% of studies use NDVI as the primary or auxiliary indicator for estimating productivity and 
biogeophysical parameters, confirming the central role of this index in the analysis of grassland ecosystems 
(Bangira et al., 2023).  

NDVI has been validated as an effective tool for assessing pasture quality (moisture, crude protein, fiber) 
in Mediterranean silvo-pastoral systems, by correlating satellite values with field measurements over several years 
(Serrano et al., 2024), but also for monitoring vegetation response to grazing and phenological changes in 
heterogeneous landscapes, where grass, shrub and arboreal vegetation coexist on small spaces (Balata et al., 2022). 
At regional and continental scales, long time series of NDVI are used to analyze spatiotemporal trends of grassland 
vegetation and the climatic or socio-economic factors that drive these changes (Wang et al., 2025). 

In Europe, including in the Carpathian area, the use of NDVI vegetation indices in the monitoring of 
mountain grasslands has experienced an accelerated development, being applied both for the assessment of 
vegetation cover and productivity, as well as for the identification of areas at risk of degradation or change of use. 
Recent studies in the Poiana Rusca Mountains, located in the vicinity of the Banat Mountains, have demonstrated 
the usefulness of NDVI for monitoring grassland vegetation cover during the growing season, providing an 
objective basis for the analysis of the spatial and temporal dynamics of the vegetation cover (Zhang et al., 2016; 
Măgureanu et al., 2023). In this context, the Banat Mountains represent a particularly relevant area for the 
integrated analysis of grasslands, due to the combination of mountain and submountain relief, the presence of 
extensive protected natural areas and the persistence of traditional pastoral uses. However, studies explicitly 
correlating the altitudinal distribution of grasslands, their degree of inclusion in protected areas and the state of 
vegetation assessed on the basis of NDVI are still limited. 

The present paper aims to contribute to this research direction through an integrated analysis of the 
grasslands of the Banat Mountains, in which the altitudinal distribution, overlap with protected areas and the state 
of the vegetation cover, assessed by NDVI, are approached unitarily, in order to provide relevant information for 
the regional management of mountain pastoral ecosystems. This integrated approach aims to substantiate effective 
directions for the management and conservation of mountain pastoral resources, with relevance for the protection 
of biodiversity and the sustainability of land use in the Banat Mountains. 

 
MATERIAL AND METHODS 
1. Study area 
The study area includes the meadows located in the Banat Mountains (figure 1), delimited according  to the 

provisions of the Mountain Law no. 197/2018 and the region made by Posea and Badea (1984), for establishing 
the boundaries of the mountain subunits. The Mountain Law establishes the limits of the Banat Mountains, 
included in Mountain Group 8 and based on the administrative-territorial units. They are made up of the mountains: 
Almăjului, Dognecei, Locvei, Semenic and Aninei, to which is added a restricted area of the Cerna Mountains, the 
Mehedinti Mountains, the Țarcu Mountains and the Little Mountain, generated by the administrative overlap. This 
region also includes some depressions and marginal hilly areas. The study focuses exclusively on grasslands in 
these mountain units, given their ecological importance and role in sustainable land use and management. 

 
Figure 1. Spatial distribution of grasslands in the Banat Mountains by relief units (Posea, Badea, 1984; Legea nr. 

197/2018; Geospatial, 2021; Copernicus Land Monitoring Service, 2022; Ministry of Agriculture and Rural 
Development, 2025) 
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In the Banat Mountains, the total area of the meadows taken in the study is 7,834.38 ha (Copernicus Land 
Monitoring Service, 2022).  

2. Research methodology 
The research methodology was structured in three main stages, corresponding to the subsections of results: 

(1) characterization of the altitudinal distribution of grasslands at the scale of the Banat Mountains, (2) delimitation 
of grasslands located above 500 m altitude and superimposed on protected areas and their analysis at TAU level, 
respectively (3) evaluation of the vegetation status of the selected grasslands, based on the NDVI index. 

1. Characterization of grasslands on elevational steps 
In the first stage, the spatial database on the grasslands of the Banat Mountains was created. Vector data on 

land cover (Copernicus Land Monitoring Service, 2022) and the boundaries of the Banat Mountains (Posea, Badea, 
1984; Law no. 197/2018), which were redesigned in the same coordinate system. Based on a Digital Elevation 
Model (DEM), with spatial resolution at 25 m (EEA, 2016), elevation classes were generated, in accordance with 
the vertical flooring used in the analysis (54–500 m, 501–700 m, 701–900 m, 901–1100 m, 1101–1300 m, 1301–
1500 m, 1501–1700 m, 1701–1980 m). The vector layer with the grassland geometries was intersected with the 
reclassified altitudinal raster, resulting in grassland polygons framed in each altitudinal step. For each class, the 
area in hectares and the share in the total grasslands were calculated, the values being then synthesized in tables 
and graphically represented in the form of an altitudinal pyramid. 

2. Delimitation of meadows located above 500 m altitude and superimposed on protected areas 
In the second stage, only grasslands located at an altitude of more than 500 m and overlapping with 

protected natural areas were selected. For this purpose, the vector boundaries of protected areas (Ministry of 
Environment, Water and Forests, 2025) and grassland areas were used, previously filtered based on altitudinal 
ranges >500 m. The intersect/overlay GIS operations allowed the extraction of exclusively those grassland 
polygons located simultaneously within the protected areas and in the targeted altitudinal levels. The resulting area 
was aggregated at the level of the administrative-territorial unit (TAU), using the vector layer with the limits of 
the TAU (Geospatial, 2021) and calculating both the absolute values (ha) and the share of each TAU in the total 
area of selected grasslands. 

For the evaluation of the degree of territorial concentration of the pastoral resource, economic-statistical 
indicators were used. The Herfindahl–Hirschman index (HHI) was calculated, based on the proportions of the 
grassland area in each TAU in the total of the analyzed subset (Relation 1): 

HHI =$p!"
#

!$%

 

where: pi - the share (proportion) of the grassland area in the TAU i in the total analyzed area; n - the total number 
of TAUs included in the analysis 

The Lorenz curve was plotted, along with the Gini coefficient (IMB, SPSS, 2025), to highlight the 
inequality of distribution. Based on the percentage weights, a classification of the TAUs into four classes of 
importance (very high, high, moderate, very low) was also made, subsequently graphically represented. These 
procedures allowed the comparison of the situation between the TAUs and the identification of units with a major 
role in the conservation of protected mountain grasslands. 

3. Assessment of grassland vegetation status based on the NDVI index 
In the third stage, the state of the vegetation cover of the grasslands located above 500 m and superimposed 

on the protected areas was analyzed, through the NDVI vegetation index (Normalized Difference Vegetation 
Index). Sentinel 2A multispectral satellite imagery (Copernicus Open Access Hub, 2024) was used, from which, 
after NDVI was calculated according to relation 2: 

NDVI =
NIR − RED
NIR + RED 

where: NIR - near-infrared reflectance; RED - the reflectance in the red band. 
The NDVI raster was masked with the layer of grasslands selected in the previous stage, so that the analysis 

would target exclusively the areas of interest. For the entire set of NDVI values, descriptive statistics (minimum, 
maximum, average, standard deviation) were calculated, and to highlight the variation on altitudinal stages, the 
values were extracted and aggregated on the altitude intervals used in the previous section. 

The differences between the averages on elevational steps were tested by the Kruskal–Wallis nonparametric 
test, given the deviation from normality of the NDVI distribution, and the significance of the differences between 
pairs of floors was analyzed by appropriate post-hoc tests (IMB, SPSS, 2025). For the analysis of the structure of 
the vegetation carpet, the NDVI raster was classified into five classes of coverage (very weak, weak, moderate, 
high, very high), based on the thresholds established according to the distribution of values and the literature (Ma 
et al., 2019; Serrano et al., 2024). The areas corresponding to each class were calculated in hectares and 
transformed into percentages of the total grasslands analyzed, the results being synthesized tabular and 
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cartographically for the interpretation of the conservation status and agronomic potential of the grasslands in the 
Banat Mountains. 
 

RESULTS AND DISCUSSIONS 
1. Distribution of grassland areas on altitudinal steps in the Banat Mountains 
The total area of the grasslands in the Banat Mountains is 70,335 ha, and their distribution on altitudinal 

steps (figure 2) reflects a net concentration in the lower area. Thus, most of the grasslands are found between 54 
and 500 m altitude, where 41,856 ha are present, representing 59.5% of the total. The particular importance of this 
step is determined by the physical-geographical conditions favorable to agricultural use, such as increased 
accessibility, lower slopes and the expansion of human settlements, which facilitated the traditional practice of 
grazing and mowing. 
 

 
Figure 2. Altitudinal distribution of grasslands in the Banat Mountains expressed as percentage of the total 

grassland area 
 

Between 501 and 700 m, another 15,763 ha of grassland are concentrated, i.e. 22.4% of the total area, which 
raises the cumulative proportion of lower steps below 700 m to over 80% of the total. This dominant altitudinal 
concentration highlights the direct relationship between the intensity of anthropization and the maintenance of 
grasslands as active agro-ecosystem systems. 

A clear decrease in the areas is observed above 700 m, these floors being dominated by forest areas. In the 
range 701–900 m, grasslands total 7,448 ha (10.6%), and between 901 and 1100 m only 3,894 ha, representing 
5.5% of the total, pastoral areas gradually becoming more fragmented by mountain forests (Figure 2). 

At higher altitudes, restrictive conditions on grassland vegetation increasingly predominate. Between 1101 
and 1300 m there are only 323 ha (0.5%), and between 1301 and 1500 m – 927 ha, respectively 1.3%. In the high 
mountain area, above 1500 m, grasslands appear only in isolation, totaling 77 ha between 1501–1700 m and 46 ha 
between 1701–1980 m, i.e. below 0.2% cumulatively. This rarity is explained by lower temperatures, often rocky 
lithological substrate and reduced bioproductivity, factors that limit the development of vegetation characteristic 
of grasslands. 

Overall, the altitudinal structure of the grasslands in the Banat Mountains reveals a profoundly 
asymmetrical distribution, in which the lower floor and the submontane peripheral regions concentrate almost the 
entire pastoral area. This configuration is the result of the combination of natural factors, especially climatic and 
geomorphological conditions, with the historical use of land for agro-pastoral purposes. At the same time, the 
decrease of grasslands at high altitudes reflects the expansion of mountain forests, but also the reduced pressure 
of human activities on alpine and subalpine landscapes. 

The analysis of the distribution of grasslands by mountain units in the Banat Mountains (figure 3) highlights 
a significant concentration of grasslands in the massifs and depressions located in the central and south-eastern 
sector of the mountainous region. The largest area of grasslands is found in the Semenic Mountains, where 13,004 
ha are located, representing 18.49% of the total grasslands, followed by the Anina Mountains (9,946 ha, 14.14%) 
and the Almaj Mountains (8,009 ha, 11.39%). Together, these three units account for almost 45% of the total 
grassland area, which confirms their major role in the agro-pastoral structure of the Banat Mountains. 

Significant areas are also recorded in the Bistra–Timiș-Cerna Depression (9.56%), the Oravița Hills 
(7.94%), the Danube Gorge (7.87%), as well as in the Locvei Mountains (6.86%). These territories are 
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characterised by the high density of traditional rural settlements and a long history of the use of grasslands for 
pastoral purposes, which has contributed to the maintenance and expansion of these ecosystems. 

In the upper part of the pyramid, with a lower weight, are the high mountain units and peripheral areas: the 
Cerna Mountains (6.37%), the Dognecea Mountains (5.75%) and the Tîrovei Hills (4.46%), followed by the 
Bozovici Depression (3.76%). The grasslands in these units have a more fragmented distribution, being frequently 
separated from forested areas. 

 

 
Figure 3. Distribution of grassland areas by mountain units in the Banat Mountains, expressed as a percentage of 

the total grassland surface 
 

The lowest values are found in the Țarcu Mountains (0.99%), the Mehedinti Mountains (0.76%) and the 
Mehedinti Plateau (0.66%), where the topographical and climatic conditions favor the development of the forest 
to a greater extent or formations dominated by rocky substrate appear. These areas represent less than 4% of the 
total grasslands, which underlines their peripheral character from the perspective of mountain agroecosystems. 

The distribution of grasslands in the Banat Mountains is profoundly uneven, with mountain units with low 
and medium morphological development concentrating over 80% of the total grassland area, while high mountain 
massifs and plateau areas contribute low percentages, less than 5% each. 

2. Delimitation of meadows located above 500 m altitude and superimposed over protected areas 
In continuation of the spatial-altitudinal assessment of the grasslands, only those areas located at an altitude 

of over 500 m and which overlap with the protected natural areas of the Banat Mountains were considered relevant 
for the study (figure 4). This selection aims to highlight those pastoral ecosystems in a representative mountain 
context and included in conservation regimes, where natural processes and anthropogenic pressures are managed 
differently from unprotected areas. Of the total of 70,335 ha of grasslands identified in the region, the area that 
complies with these cumulative criteria is 7,834.38 ha, which represents a significant segment of the mountain 
pastoral fund, with high ecological importance and conservation. 

The selection of grasslands located over 500 m above the protected natural areas reveals a heterogeneous 
spatial distribution within the Banat Mountains. The map in Figure 4 indicates that these pastoral areas are not 
evenly distributed, but are predominantly concentrated in the central and southern part of the region, especially in 
the area of limestone massifs and intramontane depressions favourable to traditional pastoral activities. The largest 
areas are found in the Semenic - Cheile Carașului National Park and in the protected area Locvei Mountains - 
Almajului, while in the northern sector of the Banat Mountains the protected grasslands have a much smaller 
extension, due to the predominance of forests and the massive mountain relief. 

The analysis at the level of the administrative-territorial units highlights a marked contrast between the 
TAUs. Carașova has the largest area of grasslands included in the protected areas and located at over 500 m 
(1547.97 ha), representing almost 20% of the total analyzed subset, followed by Gârnic (9.21%), Lăpușnicu Mare 
(8.30%), Bozovici (6.67%) and Șopotu Nou (6.58%). The first five TAUs account for over 50% of the total area 
analysed, outlining key areas for the conservation of mountain grassland habitats. On the other hand, there are 
TAUs such as Oravița, Buchin, Brebu Nou, Coronini or Prigor where the surfaces are minimal, signaling low 
connectivity and a high potential for ecological vulnerability. The differences between the TAUs are generated 
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both by the particularities of the relief (petrographic structure, altitude, slope inclination) and by the socio-
economic dynamics and history of the traditional use of grasslands. 

 
Figure 4. Spatial distribution of grasslands above 500 m located within protected areas in the Banat Mountains, 

grouped by altitudinal belts ((Posea, Badea, 1984; Legea nr. 197/2018; Geospatial, 2021; Copernicus Land 
Monitoring Service, 2022; Ministry of Agriculture and Rural Development, 2025; Ministry of Environment, 

Water and Forests, 2025) 
 

The Lorenz curve (figure 5) confirms an unequal distribution of grasslands above 500 m and overlapping 
protected areas between the 29 TAUs analysed. The Gini coefficient = 0.53 indicates a significant differentiation, 
suggesting that a small number of TAUs hold high proportions of the total area analyzed, while most contribute 
marginally.  

 
Figure 5. Lorenz curve and Gini coefficient for the distribution of protected grasslands (>500 m) across UAT in 

the Banat Mountains 
In order to quantify the degree of dependence of mountain grassland conservation on certain TAUs, the 

Herfindahl–Hirschman index (HHI) was calculated, based on the weights of grassland areas >500 m in protected 
areas. The value obtained (HHI ≈ 0.08) falls into the category of low concentration, indicating that, although there 
are a few dominant TAUs, all protected grasslands remain relatively well distributed at territorial level. This result 
reduces the risk that changes in land use in a single local administration will disproportionately affect the entire 



Life Science and Sustainable Development-Journal                                                                        https://www.lssd-journal.com  
____________________________________________________________________________________________________ 
 

____________________________________________________________________________________________________ 
 
LSSD Vol. 6, no. 2, 2025                                                                                                  https://doi.org/10.58509/f5bx5d34
        
   
 

128 

mountain pastoral heritage. However, the major importance of certain TAUs requires increased attention in 
conservation planning to ensure the functioning of grassland ecosystems on a regional scale. 

The classification of the administrative-territorial units according to the share of grasslands located above 
500 m and overlapping the protected areas (Figure 6) highlights a highly hierarchical territorial structure. Carașova 
is the only TAU in class I (>10%), accumulating almost 20% of the analyzed area, which gives it a crucial role in 
the conservation of mountain grassland habitats. In class II (5–10%) there are five TAUs, located mainly in the 
central-southern part of the region (Gârnic, Lăpușnicu Mare, Bozovici, Șopotu Nou, Dubova), contributing 
together with over 35% of the area. The majority of TAUs (n = 14) are in class III (1–5%), characterizing a 
relatively uniform distribution, but with moderate areas at the local level. On the other hand, 8 TAUs belong to 
class IV (<1%), indicating a very low importance and an increased vulnerability of the pastoral resource in these 
territories. 

 
Figure 6. Spatial importance classes of UAT based on their share in the protected grasslands located above 500 

m altitude in the Banat Mountains (very high, high, moderate and very low importance) 
 

The distribution by classes confirms the general statistical results provided by the HHI index (0.08) and the 
Gini coefficient (0.53): although the resource is relatively well distributed on a regional scale, the internal structure 
shows a moderate polarization towards a small group of TAUs with a dominant role in maintaining the 
functionality of protected mountain grassland ecosystems. 

 
3. Assessment of the vegetation status of grasslands above 500 m altitude in protected areas based on NDVI 

Based on the delimitation and evaluation of the spatial distribution of the mountain grasslands included in 
the protected areas, the next step is the analysis of the quality of the vegetation in these areas, using the NDVI 
values to identify the degree of development and vitality of the vegetation carpet (Figure 7). 

 
Figure 7. Spatial distribution of NDVI values for grasslands located above 500 m altitude in the Banat 

Mountains 
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The analysis of the NDVI index allowed the evaluation of the state of the vegetation cover of the grasslands 
located above 500 m altitude and superimposed on the protected natural areas of the Banat Mountains (Figure 7). 
The NDVI values for these areas range from 0.04 to 0.74, with an average of 0.56 and a low standard deviation 
(0.06), reflecting an evenly distributed and well-developed carpet. These characteristics are specific to mountain 
and submontane grasslands, where the moderate climatic regime and high level of atmospheric humidity favor a 
high productivity of biomass. 

The NDVI values for the grasslands in the Banat Mountains show significant variations depending on 
altitude, which is confirmed by the Kruskal–Wallis test (H = 23.54; p < 0.001). The averages obtained have the 
highest values at floors 901–1100 m and 1101–1300 m, and the lowest at 1301–1500 m. Post-hoc analyses show 
that the differences are particularly significant between the submontane and upper mountain floors, suggesting that 
the vigor of the vegetation carpet varies with altitude, reaching a maximum at the intermediate levels and 
decreasing in the higher floors. 

The NDVI values of the grasslands in the Banat Mountains correlate with the climatic conditions specific 
to the altitudinal levels. On the 501–700 m floor, the high average temperatures ensure a long growing season, but 
the variability of rainfall makes the productivity of the grasslands oscillating. At intermediate altitudes (701–1300 
m) there is a balanced climate, with moderate temperatures and abundant rainfall, which favors the highest NDVI 
values and the highest agronomic value of the grasslands. Above 1300 m, although rainfall remains high, the drop 
in temperatures reduces the growing season and implicitly NDVI, the grasslands being used mainly for summer 
grazing. On the highest floors (1500–1980 m), the cold climate and short vegetation period severely limit 
productivity, which makes grasslands have low productivity. 

The data resulting from the classification of the NDVI map into five classes (table 1) show a clear 
distribution of grasslands in the Banat Mountains according to the density and vigor of the vegetation carpet. 
Grasslands with large and very high cover represent almost 60% of the total area (46.4% + 13.2%), which confirms 
the existence of a well-developed vegetation carpet with high agronomic potential on a large part of the territory. 
About a third of grasslands (33.9%) fall into the moderate category, reflecting areas with medium productivity and 
stable use, but more sensitive to climatic variations and anthropogenic pressure. On the other hand, grasslands 
with poor and very poor cover together occupy only 6.2% of the area, which shows that areas with low vegetation 
are limited in extension. They can be associated with high altitudes, poorer soils or areas degraded by slope 
processes (erosion, landslides, flows or collapses, etc.). 
 

Table 1. Distribution of grasslands in the Banat Mountains by NDVI-based vegetation cover classes 
Classes of grasslands 

with cover Surface (ha) % of total 

Very weak 67.56 0.8 
Weak 426.94 5.4 
Moderate 2657.55 33.9 
Large 3632.64 46.4 
Very Large 1037.35 13.2 

 
Overall, the NDVI values highlight a favorable general state of the vegetation of the grasslands located 

above 500 m altitude and overlapping the protected areas, which indicates the maintained ecological functionality 
of these ecosystems, their important agronomic role and the high potential to support the biodiversity specific to 
the pastoral habitats of the Banat Mountains. 

The results obtained in the Banat Mountains, which show a clear altitudinal concentration of grasslands, a 
generally good state of vegetation cover in grasslands located in protected areas (especially at intermediate 
altitudes) and the usefulness of the NDVI index for differentiating cover classes, are consistent with recent studies 
on the productivity and distribution of mountain grasslands in topographically complex protected areas (Filippa et 
al.,  2022), with research demonstrating the relevance of multi-source remote sensing in assessing the ecological 
status of mountain grasslands (Ayvazyan et al., 2024), as well as with syntheses showing that NDVI is the most 
widely used vegetation index in monitoring grasslands and pastoral systems on a regional scale. 

Although the study provides a clear picture of the altitudinal distribution, concentration in the TAU and 
vegetation status of the protected grasslands in the Banat Mountains, it is limited by the exclusive use of the 
Normalized Difference Vegetation Index (NDVI), which, in the grassland context, may suffer from mixed pixels 
or moderate resolution of satellite images (as Bangira et al. point out,  2023) and the lack of field validation for all 
altitudinal levels, which reduces the accuracy of interpretation in complex mountain areas. For the future, it is 
recommended to integrate hyperspectral sensors or high-resolution imaging, use deep learning-based models, and 
temporarily extend the analysis to highlight grassland vegetation trends over time (Wang et al., 2022). 
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CONCLUSIONS  
In the Banat Mountains, grasslands are overwhelmingly concentrated at low altitudes, so that over 80% of the 

total area of 70,335 ha is below 700 m, while altitudes above 1100 m amount to less than 2%, which highlights the strong 
dependence of these ecosystems on the favorable conditions of the lower mountain level. 

The grasslands located at altitudes above 500 m and overlapping the protected areas are unevenly distributed 
among the ATUs in the Banat Mountains. A small number of administrative units concentrate the majority of the area, 
which is evidenced by the large areas of Carașova, Bozovici, Sasca Montană and Berzasca, which together form an 
important central nucleus for the conservation of grassland habitats. In contrast, several TAUs have small areas, often 
located on a single altitudinal floor, suggesting poorer connectivity and increased vulnerability of these ecosystems. 

The results of the grassland analysis based on NDVI show a favourable general condition of the vegetation of 
grasslands located above 500 m and included in protected areas, where NDVI values vary between 0.04 and 0.74, with 
an average of 0.56, and almost 60% of the area (46.4% grasslands with high cover and 13.2% with very high cover) 
indicate a well-developed and functional vegetation carpet,  while only 6.2% of the territory has a low level of vegetation 
cover. In this context, the results obtained underline the importance of continuous monitoring of pastoral resources 
through quantitative indicators and remote sensing, providing essential information for substantiating effective territorial 
management and biodiversity conservation measures in the Banat Mountains. 
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