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Abstract 
 
The work focused on the analysis of the vegetation cover of the grasslands according to the Fraction of Absorbed 
Photosynthetically Active Radiation (fAPAR index), in five different stages, during the same year (2022), on altitudinal 
levels, from three groups of mountains. 110 grasslands located in different environmental conditions were studied, from: 
the Banat Mountains, the Poiana Ruscă Mountains and part of the Southern Carpathians. Five Sentinel 2 satellite scenes 
were used, acquired on the following dates: 22.03, 16.05, 15.07, 08.09, 18.10 and the Digital Elevation Model, classified 
into 8 altitudinal levels, from 53-2473 m. The results show that the fAPAR values are different, lower in March when the 
vegetation is still stagnant and does not use solar radiation, maximum in July when the vegetation is very well represented 
and uses maximum solar radiation, and from August, a downward trend, along with the reduction of the physiological 
activity of the plants in the grasslands. Also, differences in average fAPAR values by mountain groups and similarities in 
altitudinal steps between mountain groups were noticed. 
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INTRODUCTION 
 
fAPAR, acronym for Fraction of Absorbed 
Photosynthetically Active Radiation (Myneni & 
Williams, 1994; Epiphanio & Huete, 1995), is 
the remote sensing index that expresses the 
fraction of solar radiation absorbed by living 
leaves (Wang et al., 2016), in the 
electromagnetic spectrum ranging between 400-
700 nm, for photosynthetic activity, meaning it 
refers only to the green and living elements of 
the vegetation canopy. In this context, previous 
research (Field et al., 1995; Zhang et al., 2015) 
has demonstrated that the primary productivity, 
gross or net, of plants is closely related to the 
fAPAR values. 
fAPAR is one of the Essential Climate Variables 
(ECV) recognized by the Global Climate 
Observing System (GCOS) (GCOS, 2006), and 
when applied to satellite images, fAPAR, with 
values between 0 and 1 (Yang et al., 2014), is a 
biophysical variable used in ecosystem analysis, 
in various climate models, in estimating primary 
productivity of vegetation or crop yield (Sellers 

et al., 1996; Fensholt et al., 2004; Viña & 
Gitelson, 2005; Qin et al., 2018), at regional or 
global scales (Xiao et al., 2016). 
In recent decades, both fAPAR and other remote 
sensing indices have been successfully applied 
in pasture analysis, with various objectives, 
among the most important being the assessment 
of vegetation status, spatiotemporal monitoring 
of surfaces, analysis of vegetation cover 
distribution, productivity estimation and so on 
(Rossini et al., 2012; Chen et al., 2017; Pu et al., 
2020; Noumonvi & Ferlan, 2020; Šandera & 
Štych 2020; Xu et al., 2023). 
In this context, the aim of the study was to 
analyze pasture vegetation based on fAPAR 
index values and identify developmental 
patterns over time and space under different 
environmental conditions. 
 
MATERIALS AND METHODS 
 
Study area 
The study area (Figure 1) is located in 
southwestern Romania, covering parts of five 
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counties: Caraş-Severin (with the largest share), 
Hunedoara, Gorj, Mehedinţi, and Timiş. 
Geographically, according to the 
geomorphological zoning conducted by Posea & 
Badea (1984), the study area overlaps with the 
Retezat - Godeanu Group in the Southern 
Carpathians (Retezat Mountains, Godeanu 
Mountains, Ţarcu Mountains, Cernei 
Mountains, Mehedinţi Mountains, Vâlcan 
Mountains), Poiana Ruscă Mountains, and 

Banat Mountains (Almăj Mountains, Semenic 
Mountains, Locva Mountains, Anina 
Mountains, Dognecei Mountains, and the 
associated depression areas). The altitude varies 
between 54 and 2473 m; the complexity of relief 
conditions (Rusu, 2007; Caluseru et al., 2015) 
imposes variability in environmental factors 
across the territory, which is reflected in the 
distribution of pasture vegetation.

 

 
Figure 1. The location of the study area (processing after Posea & Badea, 1984; EEA-DEM, 2023; Geospatial, 2023) 

 
In the analyzed area, with a total surface of 
1,112,683 hectares (11,126.83 km²), forested 
areas predominated, covering approximately 
70% of the territory, followed by grasslands, 
accounting for 14.75% (CLC, 2023). The other 
land use categories have proportions below 5%. 
Grasslands, totaling 164,092 hectares, are 
spread across the entire analyzed area, in all 
forms and relief units, with the largest areas 
found in hilly and mountainous regions. 
 
The working methodology 
For the analysis of the area of interest through 
remote sensing, Sentinel 2 satellite images from 
the year 2022 were used, downloaded for free 
from the Copernicus Open Access Hub 
platform. Five Moments of observation (M) 

were established, noted as M1...M5: on 22.03, 
16.05, 15.07, 08.09, and 18.10. Considering the 
large extent of the study area, four satellite 
scenes were downloaded for each M, with the 
indicators 34TER, 34TFR, 34TEQ, and 34TFQ. 
In the first stage, the satellite scenes were 
processed in the SNAP software, and the 
following operations were applied (Figure 2): 
1. Mosaicking the four scenes from each 
Moment (M); 
2. Extracting the area containing the area of 
interest (Subset); 
3. Resizing the spatial resolution to 20 meters 
for all spectral bands (Resampling); 
4. Generating fAPAR images using the 
algorithm implemented in the software. 
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Figure 2. The workflow (Original diagram) 

 
The second stage of the workflow involved 
processing geospatial data in ArcGIS according 
to the following algorithm: 
1. Extraction of the area of interest from the 
fAPAR images based on a specific contour for 
each observation moment; 
2. Classification of the Digital Elevation Model 
(DEM) with a spatial resolution of 25 meters 
(EEA, 2023) into 8 altitude classes: 53-300 m, 
301-600 m, 601-800 m, 801-1000 m, 1001-1200 
m, 1201-1400 m, 1401-1600 m, 1601-2473 m; 
3. Selection of grassland test surfaces - from the 
Corine Land Cover database (2018 edition), 110 
representative grassland surfaces were selected, 
located in areas with different environmental 
conditions and relief units; 
4. Extraction of images and numerical values of 
fAPAR from each Moment for the selected 
grassland surfaces, which were subsequently 
used in the statistical analysis of the results; 
5. Conversion of fAPAR maps for grasslands 
into vector format and spatial intersection of two 
datasets; 

6. Statistical analysis of fAPAR values on 
altitude classes and mountain groups. The data 
were statistically evaluated using PAST Version 
2.17c software (Hammer et al., 2001).  
 
RESULTS AND DISCUSSIONS 
 
Although fAPAR can be applied through in situ 
procedures, one of the most efficient ways to 
determine this index is the determination and 
representation on high spatial resolution 
photogrammetric images (Copăcean et al., 2020; 
Simon et al., 2020) or on satellite images, on a 
global or regional scale, depending on the needs 
of the studies (Liang & Wang, 2019; Jin et al., 
2022; Cojocariu et al., 2024). 
 
The analysis of grassland vegetation 
dynamics across the temporal moments M1 - 
M5 is based on the fAPAR values 
For the study area, in the year 2022, five fAPAR 
images were generated; the images from the 
beginning (22.03) and from the end of the period 
(18.10) are presented in Figure 3.

 

 
Figure 3. The spatial distribution of fAPAR values across different temporal moments 
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To analyze the changes produced during the 
considered period, the fAPAR values were 
classified into four equal classes, depending on 
the minimum and maximum value of the index. 
In M1 (March), for the selected grasslands, the 
fAPAR index ranged from 0 to 0.93, with the 
average value being very low at 0.15. In M1, 

77% of the fAPAR values were between 0 and 
0.25 (Figure 4), indicating that plants utilized 
only 25% of visible light to produce biomass. 
This suggests a low vegetation cover. The 
obtained results also agree with other studies 
(Jarocinska & Zagajewski, 2009).  

 

 

 
Figure 4. The variation of fAPAR values across M1 – M5 

 
In M2 (May), in the analyzed grasslands, 
fAPAR values ranged from 0 to 0.94, with an 
average of 0.55. At this moment, compared to 
M1, there is an increase in the percentage of 
radiation utilized by plants, indicating a higher 
biomass "quantity" and consequently a higher 
degree of soil cover. In this scenario, 32% of 
fAPAR values fell between 0.26 and 0.50, and 
52% fell within the range of 0.51-0.75. 
In M3 (July), the fAPAR index ranged from 0 to 
0.94, with an average of 0.57. This period 
corresponds to the peak vegetation period in 
grasslands. In grasslands, vegetation is mosaic, 
and therefore in M3, there are four classes of 
fAPAR index values: 0-0.25 (3%); 0.26-0.50 
(29%); 0.51-0.75 (53%); and 0.76-1.0 (16%). 

In September (M4), it is observed that the 
fAPAR index values remain within the same 
limits as in M3, as a result of vegetation 
recovery after the rains at the end of summer. 
Surprisingly, for the analyzed area, in October 
(M5), 69% of fAPAR index values fell between 
0.51-0.75, indicating that plants use visible 
radiation to a large extent (between 51-75%). 
This suggests a good state of grassland 
vegetation. 
To analyze the variations in fAPAR values in the 
defined temporal moments, Principal 
Component Analysis (PCA) was applied. This 
was done using the correlation matrix, without 
considering the grouping of the data values. The 
main components, with a Joliffe cut-off at 0.7, 
are presented in Table 1. 
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Table 1. Distribution of principal components based on PCA 

PC Eigenvalue % variance 
1 2.62473 52.495 
2 1.61062 32.212 
3 0.482899 9.658 
4 0.217262 4.3452 
5 0.0644861 1.2897 

 
From Figure 5, it can be observed that the M1 
vector exhibits the highest influence on the 
polygonal area described by the data values 
corresponding to the Southern Carpathian 

Mountains (CM), indicating that in M1 (March), 
the greatest variation of the fAPAR index is 
observed, regardless of the altitude class.

 

 
Figure 5. Graphical representation of the distribution of data values on principal components - PCA 

 
The fAPAR index remained quite stable during 
intensive vegetative growth and with the onset 
of senescence, a situation also noted in other 
studies (Viña & Gitelson, 2005; Zhang et al., 
2014; Sakowska et al., 2016). 
 
The analysis of the fAPAR index across 
altitude classes within the analyzed mountain 
groups 
Between the three mountain groups analyzed in 
the study, there are differences and many 
similarities across altitude classes, as presented 
in Figure 6.  
Cluster analysis was performed using the Ward 
algorithm, with Euclidean distances as the 
similarity measure. As a result of the cluster 
analysis, a significantly strong correlation 
coefficient of 0.7886 was obtained. 

The cluster analysis (Figure 6) highlights two 
large groups, A and B: 
- Group A consists of CM6, CM8, CM7, MB6, 
MB7 – they are the upper floors of the high 
mountains, where the fAPAR values are similar 
and suggest that the vegetation has similar 
"behavior", independent of the mountain groups 
(CM and MB); 
- Group B includes three different subgroups of 
which: B1 (MPR3, CM1, MPR2, CM4 and 
MPR1); B2 (MB4, MB1, MB2); B3, consisting 
of B3.1 (CM3, CM2, MB3, MPR4) and B3.2 
(MB5, CM5, MPR5). 
According to the cluster analysis, similarities 
were observed between different altitudinal 
steps, within the three groups of mountains. 
Within the same mountain group, the fAPAR 
index has similar values on several altitudinal 
levels. 
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The results show that the fAPAR values present 
a high degree of similarity from altitudes above 
1001 m, in all the considered mountain units. 
Below the altitude of 1000 m, the grouping 

based on similarity is different, most likely 
under the influence of local conditions, which 
influence the vegetation of the grasslands. 

 

 
Figure 6. Cluster analysis based on the selection of altitude classes for all mountain groups 

 
CONCLUSIONS 
 
The fAPAR remote sensing index, applied 
through specific techniques, on satellite images, 
has demonstrated its usefulness in pratology 
through the analysis of grassland vegetation. 
Although they are data conditioned by the 
spatial resolution, they can be applied on 
extended surfaces, on altitudinal levels, 
vegetation seasons, in different periods of time. 
The analysis of the fAPAR index, between 
March and October, shows that the vegetation is 
very well represented and uses solar radiation to 
the maximum, in July (average values of 0.57) 
and that the vegetation is still stagnant and uses 
solar radiation to a reduced extent, in March 
(average of 0.15). 
In the analyzed area, represented by the Retezat-
Godeanu Group, the Poiana Ruscă Mountains 
and the Banatului Mountains, the fAPAR values 
showed variations, both from one time point to 
another, and on altitudinal levels, from one 
mountain group to another. 
Such studies can be used, at different scales, to 
monitor the state of vegetation, to analyze the 
degree of vegetation coverage of grasslands and 
can be included in rural development or 
management programs, at the regional level. 
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