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Abstract. The earth’s climate has a direct impact on the spatial distribution of the 

vegetation cover. Forests are one of the most prevalent ecosystems on earth. The 

forest’s structure, if unaltered, can be an indicator of some climate patterns. This 

paper proposes an algorithm for identifying vegetation inversions within mountain 
forest ecosystems in the eastern Carpathians of Romania, using freely available 

GIS and remote sensing data. Air temperature has a direct impact on the spatial 

distribution of tree species. Therefore, temperature-inversion spatial patterns can 

be estimated. 

 

 
INTRODUCTION 
In order to have a correlation between the structure of a forest stand and 

the climate, it is imperative to take into consideration only the naturally 

occurring forests, thus excluding plantations. The largest areas of old-growth, 

or virgin forests from the temperate region of the European Union can be 
found in the Carpathian Mountains of Romania (Knorn et al., 2012). Some of 

these forests are found in our study area, but not all of them are identified and 

catalogued accordingly (Giurgiu et al, 2001). The mapping of the old-growth 
forests is not the main purpose of this paper, so in order to illustrate the 

proposed methodology we will take in consideration all forests within the 

mountainous region of our study area. 
The study area is located in the Eastern Carpathian Mountains, in 

Romania (Fig. 1). More precisely, we selected the eastern and south-eastern 

regions of this mountain range, the external versants of the Northern, Central 
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and Curvature subgroups, which area delineated with a thin red line on the 

attached map. The studied area is the mountainous region situated in the 

western half of the Siret river basin. This area was considered suitable for our 

study because of the very fragmented terrain, which is an important 

characteristic in our case, because the inaccessibility of the terrain can 

be correlated with the naturality of the forest stands (Biriș et al, 2005). 
 

 
 

Figure 1. Location of the study area within Romania 
 

In Romania, the thermal inversion phenomena were analyzed as a 

consequence of the changes induced by the topographic characteristics. In 

generally thermal inversion phenomena is associated with stable stratification 
conditions to the air in the low troposphere (Apăvăloae, 1987;, Ichim et al., 

2014, Sfîcă 2015). Thermal inversions are caused by the seasonal and/or 

diurnal variation of the radiative heat balance, the fragmentation or depth of 

river valleys and the characteristics of the active surface (Apăvăloae et al., 
1987; Ichim et al., 2014). Ichim et al., 2014, observed that thermal inversions 

in extra-Carpathian region have a frequency of almost 40%/year. In the 

mountain area, Sfîcă et al., 2019, observed six types of temperature 
stratifications which generates high frequency of thermal inversions that 

occurs in 60.2 days during year. Generally, the thermal inversions develop as 

a consequence of the thickness of continental cold air masses (Sfîcă et al., 
2017), generally under 500-600 m with a frequency of 40% (Apostol et al. 

2015, Sfîcă, 2015). When the thermal inversions phenomena reach high 

frequencies generates thermal anomalies that creates specific patterns in air 

temperature distributions (Ichim et al., 2015), especially in depressions or 
deep rivers valleys (Sfîcă et al., 2019). Thermal inversions layer generate an 

warm belt, especially partial inversions that develop below 1200 m have an 
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important impact on the vegetation and on the forestry ecosystem (Sfîcă et al., 

2020). 

The purpose of this paper is to illustrate an algorithm suitable for 
estimating the spatial location of the areas where vegetation inversions are 

visible, using remote sensing techniques, thus illustrating the areas where 

temperature inversions are a usual occurrence. We opted to create a 

methodology that could be applied at least on a national level. 
 

MATERIALS AND METHODS 

The methodology used for generating the polygons used as reference areas 

in the later analyses is illustrated bellow (Fig. 2). These polygons are actually 
representing the slopes within our  study  area.  The  purpose  was  to  obtain  a  

 

 
 

Figure 2. Generalized flowchart representing the process of creating the 

polygons used in the later analysis 
 

detailed polygon vector layer containing information in its attribute table which 

could be later used to identify temperature inversion patterns by analyzing the 
vegetation (forest) inversions within the delineated mountain slopes. The 

information stored in the attribute table of the final product (layer) will contain 

statistics regarding the slope orientation and forest cover, such as the area 
occupied and the mean height of the CLC classified forest species within each 

of the polygon generated using the above illustrated algorithm. Freely available 

spatial data was used, mainly because we wanted to be able to easily adapt the 

methodology for other regions situated outside our study area. The SRTM 
digital elevation model (DEM) is available with a 30m resolution for the 

Romanian territory (and many other countries). In our case we extracted the 

pixels intersecting our study area (Fig. 2). Watersheds extracted using 
topographic maps will be utilizes to correct some processing errors and also to 
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more easily place the resulted polygons (Fig. 3).  
 

  
 

Figure 3. CLC derived forest cover (left) and the SRTM DEM (right) within our study 

area 
 

The forest cover information was extracted using the latest Corine Land 
Cover (CLC) dataset, available for the year 2018 (Fig. 3). The Corine Land 

Cover products were initiated by the European Union (EU) and offers 

homogenous data for the EU territory because the cartographic database was 
created according to specific requirements and instructions (Pinilla, 2001; 

Land.copernicus.eu). Also, due to the complexity of this data set and the fact 

that it was conducted over several periods of time, CLC has also been used in 

complex studies on economic situations or pressures on protected areas (Ursu, 
2017; Chelariu et al., 2019; Rusu, 2020). 

Satellite remote sensing represents the optimal pathway for obtaining 

good results with low costs regarding forest monitoring (Pekkarinen, 2009) and 
over Romania studies aiming at afforestation and deforestation processes have 

been carried out by Popovici (2013), Ursu (2020). In this dataset, the forest 

types are classified in three generalized categories, according to the 
persistence of the canopy throughout the year. 

Thus, there are deciduous, coniferous and mixed forests classes. Within 

our study area, according to the CLC dataset, there are a little over one million 

hectares of forest cover, coniferous species being the most common. The 
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SRTM model was firstly processed using a low pass filter in order to smooth 

out the imperfections of the terrain. In our case, these imperfections are not 

only the result of the highly fragmented topographic surface, but also can 
appear due to radar waves reflecting in the forest’s canopy, which covers most 

of our study area. 
 

 
 

Figure 4. Slope orientation (aspect) raster 
 

The raster representing the slope orientation was created using the 
“Aspect” tool found in the ArcGIS Pro software pack. The pixels have values 

within the range 0 – 360. The raster was classified and nine orientation classes 

were obtained, including flat surfaces (Fig. 5). The flat surfaces were eliminated 

using the “Extract by attributes” tool. These areas are mostly specific to water 
bodies. 

In order to generate the polygon layer representing the slopes, a 

segmentation algorithm was applied to the slope orientation raster. The 
“Multiresolution segmentation” (Deszo, Fekete, et. al, 2012) algorithm within 

the eCognition Developer software was used. The segmentation parameters 

were selected through an iterative process with the purpose of precisely 

delineating the mountain slopes within the above-mentioned watersheds. The 
“Compactness” parameter, which influences the homogeneity of the resulted 

objects (or polygons), was set to a higher value compared to the “Shape” 

parameter, which determines the influence of the pixel values (Navulur, 2006). 
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Thus, the most clearly outlined slopes within our study area were delineated. 

As a result, 32.216 polygons were generated and were exported as a shapefile. 
 

 
 

Figure 5. Detail within the study area, representing the aspect raster 

overlapping the polygons resulted from the segmentation process and the 

segmentation parameters 
 

 
 

Figure 6. Polygons with an area smaller than 10ha 
 

After the segmentation process, the polygons were filtered firstly by their 
area (Fig. 6). Only the objects with an area larger than 10ha were kept. The 

smaller ones were merged with the neighboring polygons. It was considered 

that the smaller area slopes are insignificant for our analysis. The process was 
completed using the “Eliminate” tool found in ArcGIS Pro. After the merging 

process, the general orientation of the slopes was recalculated. 

The general orientation of the resulted polygons was obtained using the 
“Zonal Statistics” tool with the “Mean” function applied. The aspect raster was 
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utilized as input data. Eight orientation classes were generated, respectively 

north, north-east, north-west, west, east, south, south-east and south-west. 

Finally, neighboring polygons having the same orientation were merged taking 
into consideration their location within the 1:100.000 watersheds. After these 

processes the number of polygons within our study area decreased to 20.765 

(Fig. 7). 
 

 
 

Figure 7. Polygon classification taking into account the general orientation of the 

slopes 
 

 
Figure 8. Flowchart illustrating the methodology used for the correlation of the slope 

polygons with the CLC forest data 
 

In order to identify the vegetation inversion within a polygon (or slope 

polygon), it was necessary to consider the spatial distribution of the CLC forest 
classes taking into account the altitudinal values of the terrain. Thus, the 

altitudinal information available from the SRTM DEM was correlated with the 

forest classes extracted from the CLC dataset, for each one of the resulted 
polygons. Within each slope polygon, the mean height of the CLC forest 
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classes and their weight were calculated and stored in the layer’s attribute 

table. Therefore, the attribute table will contain eight new columns 

representing the area and the mean height of each forest class within each slope 
polygon. This data will be used to identify the polygons were vegetation 

inversions could exist, thus indicating the areas where temperature inversions 

could be frequent (Fig. 8). 

To select the relevant polygons to be used in the further analyses, a series 
of conditions were applied. Slope polygons with an insignificant area (less 

than 10% covered by forest) were eliminated. Also, polygons where a certain 

CLC forest class is prevalent were not used in the analysis (Fig. 9). Only the 
polygons were the percentage of each forest class is at least 20% of the total 

area covered by forests within a polygon were taken into consideration. 
 

  
 

Figure 9. Examples of irrelevant polygons for the analysis 
 

In order to classify a slope polygon as a are where a vegetation inversion 
could be present, three cases were considered. The most relevant scenario is the 

one where the mean altitude of the deciduous forest class is higher than the 

coniferous class. The other two situations are taking into consideration the 
“Mixed” forest class, where its mean altitude is lower than the “Deciduous” 

class or higher than the “Coniferous” class. If one of the mentioned scenarios is 

present, the slope polygon will be marked as a potential region were frequent 
temperature inversions are probable. In order to minimalize processing errors, 

this analysis will be applied for each of the above scenario, one at a time (Fig. 

10). 

Corine Land Cover is not the most accurate dataset for studying forest 
species spatial distribution. The inaccuracy arises especially because within 

the “Mixed” forest class, the percentage of the coniferous and deciduous 

species is unknown. Therefore, the result of our analysis would be more 
relevant if we would only use the coniferous and the deciduous forest classes 

of CLC. But because mixed forests are covering a large part of our study area, 
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eliminating them from the analysis would materialize in having spatially 

inconsistent results. The compromise was to only consider two out of the 

three mentioned scenarios, thus excluding the mixed-deciduous comparison, 
as the percentage of the deciduous forests within our study area is relatively 

small. Finally, a number of 2326 polygons will be included in the analysis, 

which only represents about 7% of the initial number of segmented objects. 
 

 
 

Figure 10. The polygons were split in order to identify potential 

temperature inversion regions 
 

The “Select by Attributes” tool was used to select the polygons where the 
above-mentioned scenarios are met. For the “coniferous alt. < deciduous alt.” 

scenario, a number of 250 polygons were identified. The “mixed alt. > 

coniferous alt.” scenario generated a number of 1170 polygons. To highlight 
the areas were the inversions could be the most obvious, the selected polygons 

were classified taking into account the identified altitude difference between 

the coniferous forest class polygons and the deciduous, respectively mixed 

forest class polygons. This was done using the next formulas: 
“!MEAN_conifere!/!MEAN_foioase!*100” and 

“!MEAN_conifere!/!MEAN_amestec!*100”. These formulas were applied to 

each one of the previously selected polygons and the results were stored 
within a new column of the layer’s attribute table. 
 

RESULTS AND DISCUSSIONS 
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A total of 1420 polygons were identified to meet the two previously 

detailed scenarios, representing the slopes where the mean altitude value of the 

area occupied by the “deciduous” or “mixed” CLC forest classes is higher than 
the mean altitude of the “coniferous” forest class. Figure 11 illustrates the 

results of the two analyses. The red and orange-colored areas are polygons 

where the altitude difference between the analyzed forest classes is highest. The 

numbers in the map’s legend actually represent the similarity between the two 
altitudinal values, so the lower the number, the higher will be the altitude 

difference. Within these areas, the vegetation inversion and respectively the 

temperature-inversion phenomenon could have a higher probability of  
occurrence.  We  choose  to  firstly  show   the   results   of   the   two   scenarios 

separately, to illustrate the importance of including the “Mixed” forest class in 

the analysis. Including mixed forests into the analysis resulted into a much 

better spatial coverage of the results, especially in the southern part of the 
study area, in the Vrancei Mountains region, where the terrain’s mean altitude 

is lower. 
 

 
 

Figure 11. The results of the analysis of the coniferous-deciduous scenario (left) and 

the coniferous-mixed scenario (right) 
 

Figure 12 illustrates the combined result of the previously detailed 
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scenarios. The first thing that can be observed is the lack of information for the 

north-western part of the study area. This scarcity can be attributed to the 

limitations of the presented methodology in areas where the forest is 
homogenous in terms of species composition, or where the forest is missing 

completely, mainly because of the very high-altitude levels. 
 

 
 

Figure 12. The combined result of the two scenarios 

 
 

CONCLUSIONS 

Certainly, the spatial extent of the temperature-inversion regions within 

our study area is broader compared to the previously illustrated results. The 
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lack of information can be observed especially in the north-western part of the 

analyzed area. This is because the presented methodology estimates the spatial 

distribution of the temperature-inversion regions by observing vegetation 
inversions, more precisely inversions of the natural altitudinal distribution of 

the tree species found in mountain forest stands. Obviously, this algorithm 

implies the existence of a forest cover, but also of a heterogeneity of the forest’s 

species composition. Therefore, this methodology is suitable for mountain areas 
where climate and terrain conditions are favorizing the development of 

heterogenous forest stands, where coniferous and deciduous species are both 

thriving. 
The algorithm could be improved by using a more precise forest dataset. 

For example, by using very high resolution satellite or aerial images could lead 

to the creation of a much more precise mapping of the spatial distribution of 

tree species (Colomina et al, 2014). This way, the CLC’s “mixed” forest class 
could be completely eliminated from the analysis, if we could identify the 

individual spatial location of the deciduous and coniferous trees within a forest 

stand. Also, high quality data could enable a much more accurate classification 
of tree species (Petrila et al, 2010). This would be useful because some tree 

species within the coniferous or the deciduous forest classes, are adapted to 

certain terrain conditions. Thus, by classifying individual tree species within 
the CLC’s forest classes, the spatial extension of the results and the accuracy 

would be much higher. 
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