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Abstract: The morphometric characteristics of the terrestrial surface - especially the terrain 

elevation - are a determining climatogenetic factor, especially in the areas with a high degree of 

fragmentation such as mountainous areas. Terrain elevation and fragmentation, slope, as well 

as the orientation of the slopes have an important impact on the local climate. Thus, the 

morphoclimatic variability is reflected in the stratified distribution of the vegetation, determining 

the existence of the vegetal associations specific to each climatic area, more thermophilic species 

being specific to low terrain elevations. Using high resolution satellite images such as Sentinel 2, 

the spatial distribution of the tree species can be mapped, for very large areas of interest. State 

of the art classification algorithms were used to extract and classify the forest cover. The resulted 

layer was used to determine the preferred morphometric conditions for the deciduous and the 

coniferous tree species within the study area. 

1. Introduction 

The increasing availability of high-resolution satellite data is offering new 

possibilities for mapping different elements on the Earth’s surface. One of the most 

promising applications is the mapping of the forest cover. Landsat images have been 

already used for mapping the forest cover on a global scale (Hansen et al., 2013). The 

higher spatial resolution of the Sentinel 2 products is opening new grounds for the 

mapping of the vegetation cover.  

In the Eastern Carpathians of Romania, the forest is prevalent, being spread on 

about three quarters of the total study area. Thus, this is an ideal geographical area for 

studying the spatial distribution of different tree species. In this case, we will be referring 

to coniferous and deciduous species, as a whole. These two classes can be distinguished 

relatively easy, because deciduous species have a very high reflectance in the infrared 

band when compared to the coniferous species (Banerjee et al., 2014). The fragmented 

terrain, respectively the significant altitude differences between valleys and ridges are 

materialized in heterogenous morphoclimatic conditions, which are reflected in the 

stratification of the vegetation cover (Getzin et al., 2012). The climatic conditions in the 

eastern part of Romania have been described by Apostol et al (2011). Temperature 

inversions are widely spread in our study area and are an important climatic process 

which is influencing the spatial distribution of different tree species (Apostol et al., 2015). 

Of course, the anthropogenic factor plays an important role, actively changing the land 

mailto:alex.ciutea@yahoo.com
https://orcid.org/0000-0002-1435-0293
https://orcid.org/0000-0002-8514-6820
https://orcid.org/0000-0003-0144-8141


PESD 2022, 16, 2 216 

cover (Ursu et al., 2020). In the northern part of our study area, many coniferous forest 

stands were planted in the past century, replacing the naturally occurring deciduous 

species (Ciutea et al., 2020). For the eastern part of Romania, the human impact on the 

environment has been estimated by Ursu et al. (2017). Other geographical features like 

the soil cover, are in direct correlation with the spatial distribution of the vegetation 

(Dincă et al., 2014). 

The study area is located in Romania, in the Eastern Carpathian Mountains (Figure 

1). Only the area related to the western part of the Siret River basin was considered. 

This area contains the eastern half of the three major mountain regions of the Romanian 

Eastern Carpathians, respectively the Northern, Central and Southern regions. These 

three regions were included in the analysis to emphasize the morphoclimatic variability 

between the northern part, respectively the southern part of the study area (Apostol et 

al., 2013). 

 
Figure 1. Location of the study area within Romania 

The purpose of this paper is to illustrate an algorithm which can be used for 

extracting the forest cover and classifying the coniferous and deciduous species with a 

high degree of accuracy and in a short amount of time.  

2. Materials and Methods  

Vegetation, in general, has low reflectance values in the visible electromagnetic 

spectrum, higher values being specific to the near infrared band (Delegido et al., 2011). 

This is also the case with forested areas. The spectral signature of a forest depends on 

the characteristics of the leaves, being also influenced by the gaps in the canopy or 

shadows caused by different tree height (Feldmann et al., 2018).  

The forest cover was extracted using a supervised object-based classification 

method applied to a mosaic obtained by merging six Sentinel 2 scenes (Figure 2). The 

selected images are taken in the warm season, being dated in August, respectively 
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September 2020, when the deciduous species are in their vegetation period. The raw 

satellite images were firstly radiometrically corrected in Sen2Cor (Mueller-Wilm, 2016), 

the most relevant corrections being the atmospheric and the topographic correction 

(Frampton et al., 2013). The topographic correction was very important in this case, 

because it served the purpose to minimize the shadows caused by the very fragmented 

terrain (Fernandes et al., 2010). Basically, the correction of the Sentinel 2 images 

consists in the processing of the L-1C products, obtaining L-2A radiometrically corrected 

scenes (Delegido et al., 2011). The actual mosaicking was executed in Orfeo Toolbox, 

resulting a raster with a spatial resolution of 10m and 12 spectral bands. The radiometric 

correction helped in obtaining a seamless mosaic, although minor differences in 

reflectance were observed between northern and southern regions. 

 
Figure 2. Methodology flowchart  

The process of segmentation and the supervised classification of the resulted objects 

was done in eCognition (Figure 3). The multiresolution segmentation algorithm was used 

with values of 80, 0,8 and 0,4 for the scale, shape and compactness parameters. These 

values were obtained by an iterative process (Dezso et al., 2012). The resulted objects 

were classified using the classical nearest neighbour alghoritm. The best combination of 

spectral bands used in the classification was found by running the Feature Space 
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Optimization instrument, available in eCognition (Figure 4). The bands 2, 3, 4, 5, 8 and 

11 were used together with an NDVI raster. For each object, the mean and the standard 

deviation of the containing pixels was taken into consideration. The standard deviation 

was used in combination with the mean, because it is better highlighting the difference 

between the two forest classes. The aim was to separate the forested areas from other 

surfaces, as well as to obtain individual objects within the forest, for coniferous and 

deciduous species.  

 

Figure 3. Segmented objects and the extracted forest cover 

 

Figure 4. Determining the best combination of spectral bands, using the Feature Space 

Optimization tool 

It is important to mention that only the area representing the canopy was extracted, 

thus excluding canopy gaps that could potentially belong to the forest. These gaps could 

be naturally occurring or can be the result of forest logging (Figure 5). Although, 

technically, these gaps can be included in the forest inventories (Barbu et al., 2016), in 

this case, the reflectance of the grass or bare soil could potentially introduce errors in 

further analysis, such as the classification of the tree species (Czapski et al., 2015).  
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After extracting the forest cover, the resulted area was used to clip the Sentinel 2 

mosaic (Figure 6). This operation was executed using the Extract by Mask instrument in 

ArcGIS Pro. The purpose was to obtain a raster containing only the pixels which are 

classified as forested areas. Thus, pixels that are belonging to other surfaces, like 

grasslands, crops or settlements will be excluded from the process of classification of 

the tree species in order to minimize possible errors. 

For the classification of the tree species, a pixel-based classification method was 

used. The aim was to separate the coniferous and the deciduous species. The clipped 

raster (Figure 6) was used in combination with the Support Vector Machine algorithm 

available in ArcGIS Pro. In this case, the mentioned algorithm provided much better 

results when compared to other methods, like Maximum Likelihood. Of course, the 

classification accuracy depends also on the quality and number of training samples 

(Lyons et al., 2018). To further minimize classification errors, beside the coniferous and 

deciduous classes, a third class was created, to exclude the non-forest pixels classified 

as forest in the object-based classification. 

 

Figure 5. Gaps visible in the extracted forest cover 

 

Figure 6. Extracting the forest pixels from the Sentinel 2 mosaic 
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After extracting the forest species, the data was overlapped over an ALOS PALSAR 

digital elevation model (Figure 7). This model has a spatial resolution of 12m, being 

suitable for analyzing the data resulted from the 10m Sentinel 2 images. The terrain 

elevation values were calculated for each coniferous and deciduous pixel from the 

resulted classification raster, being thus possible to illustrate the distribution of the two 

classes in correlation with the terrain elevation. 

 

Figure 7. Elevation map of the study area, based on the ALOS PALSAR DEM 
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3. Results 

The object-based classification revealed a total of 1.016.557ha of forest cover. After 

the additional filtering, 29.322ha were classified as non-forest, thus remaining forests 

occupying an area of 987.235ha. The forest covers a very large proportion of the study 

area, almost 70%, the areas where the forest cover is absent being the depressions, 

where most settlements are located (Figure 8).  

 

Figure 8. The result of the forest cover classification, based on Sentinel 2 images 
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The classification of the tree species revealed a landscape where the coniferous 

species are prevalent (Figure 9). From the total of 987.235ha of forest, 733.982ha are 

areas occupied by coniferous species, representing about three quarters (74,3%) of the 

total amount of forested areas.  

 
Figure 9. The result of the classification of the tree species 

The area occupied by the coniferous and deciduous species was calculated for each 

mountain region belonging to the Eastern Carpathians of Romania (Table 1). The 

Southern region is the most balanced, the percentage of the deciduous species being 
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slightly higher (51,7%) than the one of the coniferous species. In the northern part of 

the study area, the coniferous forest is clearly prevailing, deciduous species covering 

only relatively small portions near the eastern limit. The Northern region is covered 

almost entirely by coniferous species (85,6%). 

Table 1. The proportion of coniferous and deciduous species for each mountain region 

of the Eastern Carpathians of Romania, contained by the study area 

 Northern Region Central Region Southern Region 

Coniferous (ha) 156518 463544 113881 

Coniferous (%) 85,6 81,4 48,3 

Deciduous (ha) 26146 105511 121574 

Deciduous (%) 14,4 18,6 51,7 

Forest cover (ha) 235456 569056 182664 

 

The distribution of the coniferous and the deciduous species was corelated with the 

terrain elevation (Figure 10). The coniferous species have a maximum growth around 

the altitudinal value of 1000m and an extension reaching around 1900m. The deciduous 

species are mostly found between 400m and 1400m. The deciduous species are capped 

at around 1450m. Studying the resulted graph (Figure 10), an interesting prominence 

of the line representing the deciduous species has been observed. Further investigation 

revealed that this anomaly is related to the temperature inversion phenomena. 

 

Figure 10. Altitudinal distribution of the coniferous and the deciduous species within the 

study area 

The analysis of the altitudinal distribution of the coniferous and the deciduous 

species was also illustrated for each mountain region of the Eastern Carpathians of 

Romania, within our study area (Figures 11 and 12). This analysis revealed the latitudinal 

variability of the climatic conditions, reflected in the altitudinal distribution of the tree 

species. 

In the case of the deciduous species (Figure 11), the Northern and Central regions 

have similar distributions. In the Southern region, because of the warmer temperatures, 

the deciduous species will reach higher altitudes. 
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In the case of the coniferous species (Fig. 12), the first thing that can be observed 

is the unusual distribution of the Northern region. This anomaly is most likely caused by 

the anthropogenic factor.  

 

Figure 11. Altitudinal distribution of the deciduous species, for each region of the 

Eastern Carpathians of Romania, within the study area 

 

Figure 12. Altitudinal distribution of the coniferous species, for each region of the 

Eastern Carpathians of Romania, within the study area 

4. Discussion 

 The validation of the tree species classification was done by comparing the 

classification results with the existing administrative forest unit data (Figure 13). 

Data regarding the species composition, respectively the percentage of deciduous 

and the coniferous species, was calculated for each forest unit. The data available in the 

attribute table of the polygons belonging to the forest units was compared to the data 
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obtained by classifying the Sentinel 2 images. Three forest districts were used in the 

validation (Brodina, Moldovița, Comandău). The mean error, calculated for all three 

districts, has a value of 3,3%. The maximum error was observed in the Moldovița forest 

district, with a value of 5,8% (Table 2). 

 

Figure 13. Illustration of the differences between the forestry data and the Sentinel-

derived data 

Table 2. Comparison between forestry data and classification results 

5. Conclusions 

Given the present methodology, which is based entirely on remote sensing and freely 

available data, the classification results have a surprising level of accuracy, when 

compared to the official forest inventory data. The advantages of using remote sensing 

for mapping very large areas are obvious, the amount of time and the costs of the study 

being drastically reduced (Dandois et al., 2010). Of course, the fine details and the level 

of accuracy of the national forest inventory cannot be matched using the presented 

 
Brodina Moldovița Comandău 

Coniferous – forest units (%) 82,1 88,3 70,30 

Deciduous – forest units (%) 17,9 11,7 29,7 

Coniferous – classification (%) 83,4 94,1 67,5 

Deciduous – classification (%) 16,6 5,9 32,5 

Total Error (%) 1,3 5,8 2,8 
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methodology, but given better quality input data and an improved methodology, the 

results could be similar. In this regard, drone imagery is very promising, providing 

centimeter-level spatial resolutions, although the spectral characteristics of the Sentinel 

2 sensors are difficult to match (Enea et al., 2018). Nevertheless, multispectral sensors 

can be successfully used in forestry applications (Czapski et al., 2015). Some aerial 

remote sensing platforms are described by Colomina et al. (2014). The accuracy of the 

classification could also be improved by using multitemporal data series of Sentinel 2 

satellite imagery (Ciutea, 2017), but cloud-free images are relatively sparse for such 

large areas of interest (Lisein et al., 2015). Landsat images were also considered, but 

ultimately excluded because of the lower spatial resolution, although, using the 15m 

panchromatic band, the spatial resolution of the multispectral bands can be improved by 

pan sharpening (Connette et al., 2016). Thus, Landsat images have also been 

successfully used in some forestry applications (Mingbo et al., 2019). 

The present study revealed interesting details regarding the altitudinal distribution 

of the coniferous and the deciduous species, related to the temperature inversion 

phenomena. 
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