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Abstract 

This paper aims to identify the main areas prone to soil erosion 
exerted by water within the Băilești Plain and in the lower section 
of the Jiu River Corridor, a region with a very high agricultural 
potential. The study is concerned with rainfall erosion. Computing 
this type of erosion helps us to give better solutions for mitigating 
topsoil loss rate. For quantifying the amount of soil eroded, we 
used and adapted RUSLE equation. The obtained values we 
computed for RUSLE within our area range between 0 and 8.89 t-
1/ha-1/yr-1. The most exposed areas to soil erosion exerted by 
water are located on the steep slopes, in the North-East of our 
study area, where the rainfall erosivity factor has the highest 
values, soil erodability factor (K-factor) is also very high, and 
cover-management factor (C) has the biggest value. 

Keywords: soil erosion, RUSLE, Jiu River floodplain, Băilești 
Plain 

Rezumat. Estimarea eroziunii solului exercitată 
de apă în sectorul inferior al Jiului și în Câmpia 
Băilești 

Scopul principal al acestui articol este de a identifica zonele din 
Câmpia Băileștiului și sectorul inferior al luncii Jiului, predispuse la 
eroziunea solului în urma acțiunii exercitată de apa din precipitații, 
regiunea având un potențial agricol foarte ridicat. Evaluarea 
acestei forme de eroziune ne ajută să oferim soluții mai bune 
pentru a reduce cantitatea de sol pierdut. Pentru a măsura 
cantitatea de sol pierdută, am folosit, și adaptat , ecuația RUSLE. 
Valorile RUSLE pentru zona noastră de studiu au oscilat între 0 și 
8.89  t-1/ha-1/yr-1. Cele mai expuse zone la eroziunea solului sunt 
localizate pe pantele abrupte din Nord-Estul arealului studiat, 
acolo unde factorul erozivității pluviale are cele mai mari valori, 
factorul erodabilității solului este de asemenea foarte mare, iar 
valorile factorului C sunt foarte ridicate. 

Cuvinte-cheie: eroziunea solului, RUSLE, lunca Jiului, 
Câmpia Băilești 

 

Introduction 

In this study, we focus our attention on soil erosion 

exerted by water. This type of erosion has a strong 
impact on soil productivity, drinking water, on carbon 

stocks, or even on the entire ecosystem (Panagos, 
2015). 

The amount of sediments resulting from soil has, 

also, a big impact on river beds and water quality in 
river systems. When the sediments are transported 

into the river systems, they can change the river bed 
morphology (Kim, 2004). 

Soil erosion exerted by water is a scientific topic 

approached by many authors, the most vocals being 
the Americans. The first attempt to calculate field soil 

loss was known as the Musgrave Equation and has 
been widely used in the United States for estimating 

gross erosion from watersheds in flood abatement 
programs. This was happening in the earlies ’40s, but 

soon after the Universal Soil Loss Equation (USLE) 

was developed (Wischmeier et al., 1978). 
In 1997, Renard, K.G. proposed a revising 

Universal Soil Loss Equation, known as Revised 
Universal Soil Loss Equation (RUSLE). This new 

equation is “an erosion model predicting longtime 

average soil loss resulting from raindrop splash and 
runoff from specific field slopes in specific cropping 

and management system and from rangeland” 

(Renard et al., 1997). 
At a European level, Panos Panagos published in 

2015 in the Elsevier Journal (Environmental Science 
& Policy), a paper called: “The new assessment of soil 

loss by water erosion in Europe”. Panagos used a 

modified version of the RUSLE model and introduced 
“some improvements to each of the soil loss factors, 

adapting them to the latest state-of-the-art data 
currently available at the European scale” (Pangos et 

al., 2015). According to Panagos soil loss map, our 

study area has values less than 2 t ha-1 yr-1. 
In the Romanian literature, the first attempt to 

predict soil erosion rate was carried on by Moțoc M,. 
in 1975. Moțoc gave great attention to the rainfall 

erosivity factor, creating a map for all the country. 
Later, in 1982, Moțoc published a paper where he 

calculated the value for soil loss rate for the entire 

territory of Romania. The corresponding value for our 
study area was less than 1t/ha/yr (Moțoc, 1982). 

Florea et al. (1976) produced the Soil Erosion Map 
of Romania, at the scale 1:500.000. According to this 

map, the North-East part of our study area is subject 

to moderate to strong water erosion, but most of the 
Băilești Plain is subjected to wind erosion (Florea et 

al., 1977). 
A very helpful study was conducted by Popa N., 

who evaluated sheet and rill erosion within Tutova 
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Rolling Hills (East of Romania), more precisely in the 

Țărnii Valley, Crâng and Ghelțag sites. Popa used the 

RUSLE method and the Caesium-137 isotopes 
technique to calculate soil loss rate within Țărnii 

Valley, and he stated that although the two methods 
were complementary, the Caesium-137 technique 

provides relevant results (Popa, 2017). 

In 2004, Mihăiescu R., et al., evaluated soil loss 
risk within Someșul Mic watershed using Geographical 

Information System techniques. They obtained values 
ranging from 0 to 90 t/ha/yr. 

In 2008, Horvath et al. made a quantitative 
estimation of soil erosion in the Drăgan river 

watershed (Apuseni Mountains) adapting the USLE 

equation to the Romanian scenario. The adaptation, 
known as the ROMSEM model, calibrates the factors 

to the pedo-climatic condition and characteristics of 
our country. The equation was proposed by Moțoc et 

al. in 1999 (Horvath, 2008). The Erosion Map of the 

Drăgan River Watershed shows results less than 3 
t/ha/yr, most of the surface having a soil loss rate less 

than 0.5 t/ha/yr. 
In 2015, Ovreiu A.B., et al., published in the Cinq 

Continents Volume (5), the paper “Analysing soil 
degradation through hydric erosion. Case study – 

Ialomița County, Romania”. The authors used the 

USLE equation and the obtained values were mostly 
less than 1.5 t/ha/yr. 

Also, in 2015 the USLE equation was used by Zisu 
I. and Năsui, D., for soil erosion assessment in the 

agricultural land from Lugoj Hills. The average value 

for the entire area was 1.12 t/ha/yr (Zisu et al., 2015). 
The RULSE equation was used to create a soil loss 

susceptibility model in the Baraolt Depression 
(Eastern Carpathians) and the computed results were 

less than 2 t/ha/year of eroded soil (Csiszer, 2018). 

Study area and data 

The whole area analyzed in this study covers 
3347.8 km2 and it is located in the Southern part of 

Dolj County, Romania (Figure 1). Although the areas 
of interest are the Băilești Plain (2393 km2) and the 

lower section of the Jiu River Floodplain (375.8  km2), 
we extended the research within the Danube 

Floodplain, corresponding to Dolj County. 

The study area is a part of the Moesian Platform, 
being a fluvio-aeolian plain, terraced and covered by 

loess and dunes (Coteț, 1957). The largest area is 
occupied by the 3rd terrace of the Danube, with a 

relative altitude of 27-35 m, which formed the 

Danube floodplain in Würm 2 - Würm 3 interstage. 
The 2nd terrace (of 13-27 m relative altitude) and the 

1st terrace of the Danube (of 8-13 m relative altitude) 
are narrower, but are also covered with sand and 

dunes (Mihăilescu, 1969), and are located in the 
Southern part of the region, both meeting the 

Danube’s Floodplain. 

The absolute altitude of the area, according to 

SRTM digital elevation model, varies from 19 m in the 

South to 166 m in the North. The spatial arrangement 
of the altitude, which increases from Danube 

Floodplain (south) towards the Sălcuța Plain (north), 
is in strong relation with higher values of rainfall 

erosivity. This means that it can be a strong influence 

on RUSLE values, also. 
The Băilești Plain is the most complex plain within 

Oltenia Plain, being located, as we already stated, on 
the Danube terraces in the South-West of Romania. 

On the Eastern side, the Băilești Plain is bounded by 
the lower section of the Jiu River Floodplain, known 

as Jiu – Jieț Floodplain. The two geophysical regions 

overlay mostly on a flat surface, where the slope is 
less than 3 degrees, but at their boundary, the slope 

goes above 13 degrees and it even touches 27 
degrees on a line that comes from Podari till Valea 

Stanciului. 

The lithology of the analyzed area indicates the 
presence near Băilești (city) of some deposits dating 

from the Lower Triassic, consisting of friable 
sandstone which tends to become whitish-green, gray 

or reddish sands. East of Cetate village, there is a clay 
sequence, which belongs to the Lower Triassic, but 

Triassic-medium deposits consisting of submarine 

limestones also appear. Near Băilești appears a clay-
brown, gray-blackish horizon with thin anhydrite 

intercalations (Mihăilă, 1968). 
The upper Triassic deposits consist of soft clays 

and marls, red-violet in color, with iterations of green 

clays and marls, whitish sands and reddish friable 
sandstone, partly quartzite and slightly feldspar. In 

the central part of our study area, the facies described 
are located under a predominantly sandstone facies 

interspersed with red clays. In the center of the 

Băilești Plain, there is also a horizon of dolomites, fine 
silty limestone, and brown limestone faults, dating 

from the middle Jurassic. Near Băilești, the calcareous 
sandstone of the middle Callovian lies directly on the 

upper Triassic deposits (Mihăilă, 1968). 
The Sarmatian deposits are made of marls, partly 

sandy, with subordinate intercalations of sands and 

limestone. In the vicinity of the Băilești city, the 
Sarmatian stage wears a thicker facies, with gravel 

interspersed. 
The youngest deposits from the studied area 

belong to the upper Holocene and are found in the 

Danube Plain, being made up of marsh deposits, 
especially blackish sandy silt. On the surface of the 

Băilești Plain and in the lower sector of the Jiu River 
corridor, there are deposits of dunes, made of fine 

sands, consisting of quartz (95%), mica, garnet, 
calcite and hornblende. 

Below the Holocene deposits appear deposits of 

the upper Pleistocene. They are made of loessoid clay 
sands.
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Fig. 1:  Study area - divisions and geographical position within Romania

A bore located near Gîngiova indicates the 

presence in the bottom of some sarmatic organogenic 
limestones, over which non-cohesive sands overlap. 

They are dark-violet, gray and green and have silica 
knots. Above, there is a deposit of fine brown sands, 

then fallow non-cohesive yellow sands, Quaternary 

sands and gravels, and on the surface there are 
slightly dusty red sandy clay sands (Mihăilă, 1968). 

The climatic condition subscribes the area to Cfa 
type according to Köppen and Geiger's classification 

(Köppen et al., 1936). The annual amount of rainfalls 
oscillates between 500 and 600 mm and the average 

temperatures range between 10 to 12ºC (NAM). 

 There were analyzed climate data coming from 
six stations (Table 1) located in the study area and 

near it. 

Table 1 Meteorological stations 

Station Latitude Longitude Altitude 

a.s. 

Craiova 44º18’ 37”N 23º 52’ 01”E 192 m 

Bechet 43º46’ N 23º57’ E 35,6 m 

Băilești 44º1’45”N 23º19’51”E ~80 m 

Calafat 43º59’N 22º57’E 60,8 m 

Drobeta 

Turnu-

Severin 

44º37’35”N 22º37’34”E 77 m 

Caracal 44°6'0"N 24°21'25"E ~95 

Source: National Administration of Meteorology 
(NAM) 

At the Băilești weather station, located in the 

center of the study area, the month with the highest 
average rainfall quantity, calculated for the period 

1961 -2015, was July. The average for this month was 

61.6 mm. The months in which multiannual averages 
exceeded 50 mm were June (58.9 mm) and August 

(54.3 mm). The winter months had relatively low 

rainfall averages. For example, the average of 

January from 1961 to 2015 was 36.4 mm. 
At the Bechet station, located in the southeast of 

the studied area, the month with the highest rainfall 
average was, as in Băilești, July, and the value was 

quite similar (61.7 mm). However, the month with the 

lowest multi-year average was February (31.2 mm). 
In the western part of the studied area, at the 

Calafat weather station, the multiannual data indicate 
that the month with the lowest average of the rainfall 

quantities was January, but compared to the 
situations presented above, the average was higher 

(34 mm). But in the summer months, in the West of 

the studied area it rains less than in the center and 
South-East, a statement supported by the 

multiannual average for July (58.6 mm). 
The seasonal rainfall data show that the highest 

average (1965 - 2015), corresponds to summer, and 

probably in this season a high amount of soil is lost 
due to the te rainfalls. At Băilești station summer 

average is 160.8 mm and the spring average is 145.9 
mm. At this station, the lowest average corresponds 

to winter (122.6 mm). At Bechet station, the summer 
rainfall average is 157.2 mm and at Calafat station is 

147.1 mm. In the North-East of the area, near 

Craiova, the summer rainfall average increase 
considerably, coming closer to 180 mm. 

At Bechet station, winter rainfall average (103.6 
mm) is very low comparative to Craiova (123.2), 

Calafat (116.2) and Băilești statios. 

The highest autumn rainfall average data 
corresponds to the Băilești weather station (137.3 

mm), followed by Craiova station (135.7 mm), Calafat 
(127.5 mm) and Bechet (122.9 mm) (NAM). 

The study area is mostly (more than 90%) 

occupied by non-irrigated arable land and by pasture, 
according to Corine Land Cover database 
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(https://land.copernicus.eu/pan-european/corine-

land-cover/clc2018). 

The soil is mostly chernozem with loamy, sandy 
and clay texture (Simulescu et al., 2016). The area 

has also fluvisosl, arenosols and solonetz. 
The Băilești Plain is crossed by short rivers, such 

as Balăsan and Desnăţui and it has on its surface 

many gullies through which water flows during the 
rainy days. 

The Jiu River floodplain has the aspect of a  
corridor and it’s crossed by the Jiu river, who has a 

low speed in this area, and a sinuous flow, the 
sinuosity coefficient being 1.47 (Zamfir, et al., 2018).  

The right flank of the corridor is very steep being 

prone to erosion exerted by water. 

Method 

To quantify the soil loss rate, we used RUSLE 

equation (1) which takes into account five factors to 
estimate the amount of soil eroded by the action of 

water, namely: rainfall erosivity factor (R), soil 

erodability factor (K-factor), slope length and slope 
steepness factor (LS), cover factor (C), support 

practices factor (P) (Panagos, 2015). The 
mathematical formula is the product of all these 

factors (eq. 1).  
 

E =R x K x C x LS x P        (1) 

 
To estimate rainfall erosivity factor or R-factor, we 

used monthly average rainfall data, starting from 
1966 till 2015, and we applied a modified form of 

Fournier's equation (eq. 2), to identify pluvial 

aggressiveness (Arnoldous, 1980). 

𝑀𝐹𝐼 = ∑
𝑝𝑖

2

𝑝

12
𝑖=1        (2) 

                                                                                      
According to Arnoldus (1980), pi is the average 

rainfall for the rainy month (mm), and p is the annual 

average rainfall. But, instead of this data we use the 
highest monthly rainfall average (as pi) for the 1966-

2015 time interval and the sum of the monthly 
average precipitation quantities (as p) for the whole 

period.  
Coman, A. (2019), used the modified Fournier 

index to estimate rainfall erosivity, stating that 

Arnoldus (1980) showed that this index is a good 
approximation of R, to which it is linearly correlated. 

The data were available for the following station: 
Craiova, Caracal, Băilești, Bechet, Calafat and Drobeta 

Turnu-Severin. Thus, we calculated for each station 

the value of the rainfall erosivity factor and then we’ve 
interpolated a raster surface from points data using 

the inverse distance weighted (IDW) technique. We 
used ArcGIS Desktop 10.2.1 software and its 

extension, Spatial Analyst. 

 

For the LS factor, we used a 30-meter resolution 

elevation data from the Shuttle Radar Topography 

Mission. The slope length and slope steepness factor 
(LS-factor) is a product of the two parameters, that 

describes the influence of topography on soil erosion 
risk and is one of five factors of the Universal Soil Loss 

Equation (USLE) and its revised version (RUSLE) 

(Schmidt, 2019). 
First, we calculated the L factor (eq. 3) (Desmet 

et al, 1996). 
 

    𝐿𝑖𝑗−𝑖𝑛 =
[(𝐴𝑖𝑗−𝑖𝑛+𝐷2)𝑚+1−(𝐴𝑖𝑗−𝑖𝑛)𝑚+1]

(𝐷𝑚+2)x(𝑋𝑖𝑗
𝑚)x(22.13)𝑚

   (3)                                            

Where: Lij-in is the L factor, Aij-in is the flow 

accumulation data, D  is is the grid cell size in meters, 

m represents the length of the slope in meters and Xij 

is sinαi,j+cosαi,j. e ai,j is the aspect of the grid cell (i,j) 

(Schmidt, 2019). 
The m parameter (eq. 4) was calculated according 

to the formula (McCool, 1987):           (4) 

𝑚 =
𝛽

𝛽 + 1
 

and β (eq. 5) was calculated as it follows (McCool, 
1987): 

                                                (5) 

𝛽 =

𝑠𝑖𝑛𝜃
0.0896

⌊3(𝑠𝑖𝑛𝜃)0.8 + 0.56⌋
 

 

Where θ is the slope raster (in degrees). 

For the S factor, we applied McCool’s equation for 
slopes with an inclination less than 9% (eq. 6) and 

the other greater or equal 9% (eq. 7) (McCool, 1987). 
The functions are as follows:                            (6) 

S = 10.8 × sin Θ + 0.03, where slope gradient < 

0.09 
S = 16.8 × sin Θ − 0.5, where slope gradient ≥ 

0.09.  
                                                                 (7) 

To establish the K factor values, we used soil 
texture as an input and we applied  the below formula 

(eq. 8) for estimating soil erodability (Wischmeier et 

al, 1978): 
100*K=2.1*M1.14*(10-4)*(12 - a) +3.25*(b – 2) 

+2.5*(c – 3)                                        (eq.8) 
Where: M is the particle-size parameter defined 

above, M = (percent si +vfs)*(100 – percent of clay), 

a = percent organic matter, 
b = the soil-structure code used in soil 

classification, 
c = the profile-permeability class. 

To identify the percent of clay, silt and very fine 
sand for each type of soil we used Wischmeier 

nomograph (1978). We used the highest clay percent 

corresponding for each textural class. For b and c 
parameters we used Panos Panagos paper: Soil 

erodibility in Europe: A high-resolution dataset based 
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on LUCAS (2014). After we calculated the K values for 

each textural class, we created a 30-m resolution 

raster.  
Factor C values were taken from Panagos et al. 

(2015) work, who calculated at the European level 
the impact of land cover and land use on soil erosion 

(Table 2). Although erosion is a natural process it has 

been increased dramatically by human land use, in 
some areas of our region of interest, the natural 

environment being replaced by agricultural fields, 
(Licurici, 2013; Răducă, 2019). 

Panagos (2015) has estimated the soil erosion 
cover-management factor at the European scale 

proposing the LANDUM model for C-factor in 

combination with P-factor, named in his study the 
management factor (Panagos, et al., 2015). Panagos 

used in his study Corine Land Cover data and he 
calculated the C-factor for each class of land. 

Table 2 C-factor per land-cover type 

Label  CLC-
code  

C-factor  

Artificial surfaces  112/121  0  

Artificial, non-agricultural 

vegetated areas  
141  0  

Non-irrigated arable land  211  0.3  

Rice fields  213  0.15  

Vineyards  221  0.45  

Fruit trees and berry 

plantations  
222  0.3  

Pastures  231  0.05  

Complex cultivation 
patterns  

242  0.2  

Land principally occupied by 
agriculture… 

243  0.2  

Broad-leaved forest  311  0.003  

Transitional woodland-

shrub  
324  0.05  

Inland marshes  411  0  

Water courses /bodies 511/512 0  

Source: Panagos, et al., 2015 

The C factor can be, also, calculated based on the 
Normalized Difference Vegetation Index, by applying 

the regression relationship (Fenjiro et al., 2020; Van 
Der Knijff et al. 1999): 

C = exp[-α*(NDVI/(β-NDVI))] 

Where: 
α, β: Parameters determining the shape of the 

NDVI-C curve, with α = 2 and β = 1 ((Fenjiro et 
al., 2020). 

Discussion 

Applying the aforementioned methods we 
obtained several maps. The first one (Figure 2) refers 

to R-Factor, or rainfall erosivity. Rainfall is one of the 

main drivers of soil erosion. The R-factor has values 

ranging between 6.21 and 9.03, and they increase 

from the Western part of the Bălilești Plain towards 
the North-East side of the lower section of the Jiu 

River Floodplain. The Western part of Băilești Plain 
has long periods of droughts and the sandy soils with 

weak structure are exposed more to deflation rather 

than erosion exerted by water (Marinică, 2014), that’s 
why in this region R-factor has low values. The main 

part of the study area has values ranging between 
6.59 and 6.97 (Figure 2). Among the climatic stations 

analyzed, the driest seems to be the Bechet station. 
Here, the multiannual (1966 – 2015) average of 

rainfall quantity is 524.2 mm. The corresponding 

value of R–factor for Bechet station was 7.8. The 
highest R-factor value was calculated for Craiova 

station (9.06), which suggests that the highest R-
factor from our study area is registered North of 

Teasc. Dumitrașcu et al. (2017) considered that the 

MFI values calculated based on pluvial monthly and 
multiannual data for the Western part of the 

Romanian Plain and the Danube Valley, tend to be less 
than 60 and are integrated in a very low 

aggressiveness class. The soils within the Băilești 
Plain are mostly classified as chernozems. In the 

Northern part of the plain, more precisely, near 

Dărvari, Unirea, Moțăței, Giurgița and Drănic, the 
chernozems are having cambic properties with loamy 

texture. In the central part of the Băilești Plain are 
typical chernozems with a loamy-sand texture. North 

of Gighera, Afumați and Bistreț Lake there is a high 

accumulation sodium, which means the soil is 
classified as solonetz, and the texture varies from 

loamy to sandy-loam. After we applied Wischmeier 
formula for calculating the K-factor we obtained a 

map with values ranging from 0 to 0.27 (Figure 3). 

The lowest values are recorded in the South-West 
part of the Băilești Plain and in the Băilești - Afumați 

region. The highest values correspond to loamy-clay 
and clay texture and the lowest values of the K-factor 

correspond to the sandy and sandy-loam texture. We 
consider that the soil with a sandy and a sandy-loam 

texture is more exposed to soil erosion exerted by 

water due to the small cohesiveness of the sand 
particles. In the Sălcuța Plain, the typical soil is luvisol 

with a high content of clay. Within the Jiu River 
Floodplain are fluvisols with clay and sandy texture, 

which are often flooded (Soil Atlas of Europe, 2005). 

In the central part of the corridor, we can find 
solonetz with loamy-clay texture. RUSLE values vary 

with slope steepness and length (Foster, 1977). The 
LS-factor has values ranging from 0.03 to 67.9. The 

increasing values show a high probability for soil 
erosion and are located on the boundary between 

Băilești Plain and Jiu River Floodplain where the 

slopes are very steep.  The histogram of the LS-factor 
shows that 98,5% of the study area has values 

ranging from 0.03 to 1.36 (figure 4). 
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Fig. 2: Rainfall erosivity, R-factor (MJ mm ha-1 h-1 yr-1) 

 

 

Fig. 3: Soil erodability, K-factor (t ha h ha-1 MJ-1 mm-1)

 

 

Fig. 4: LS-factor
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Land use and land cover factor (Figure 5) influence 

the magnitude of soil loss. According to Panagos 

(2015), C-factor values range between 0 and 0.5, and 
the most frequently are those ranging between 0.31 

and 0.45. The highest values of C-factor correspond 

to vineyards and non-vegetated areas, and the lowest 

to artificial surfaces and water bodies. 

 

Fig. 5: C and P - factor

More than 80% of the study area is occupied by 
non-irrigated arable land. The main crops cultivated 

in the plain are wheat, maize, sunflower, rapeseed, 

barley and oats. The crops are rotated each year to 
maintain soil productivity. 

According to Corine Land Cover classification, 
more than 5% of the area is occupied by broad-

leaved forest. The roots of the trees hold the topsoil 
and the rate of erosion exerted by water is very low. 

This broad-leaved forest is located in the South-West 

part of the Băilești Plain (Desa, Poiana Mare, Piscu 
Vechi) and in the Jiu River Floodplain. In the Sălcuța 

Plain (North-East of the region) there is also an 
important area occupied by broad-leaved forest, and 

even if the slopes are high, the RUSLE values are low. 

Within the study area, there are some open spaces 
with little or no vegetation standing on sand and 

dunes. Their distribution is more visible within the Jiu 
River Floodplain and in the Danube Floodplain. The 

sand and dunes, because of lack of cohesion, are 
prone to erosion exerted by water, but because of the 

low slopes the rate of soil loss it is also very low. The 

unstable sand and dunes are exposed more to wind 
erosion and deflation. Soil erosion by water can be a 

major problem if it has high values (more than 2 t/ 
ha/yr, Panagos et al., 2015)). The greatest impact is 

on the soil productivity, and, as a boomerang effect, 

on people’s lives. 

Analyzing the spatial distribution of soil loss rate 
exerted by water (Figure 6), we can observe that 

there is a spatial correlation between high slopes and 

high rates of soil erosion.  
North of Gighera, following the line that separates 

the Danube Valley from the fourth terrace of the 
Danube, the slopes vary between 7 and 14 degrees. 

Here, the soil loss rate has an average of 1.5 t/ha/yr. 
The value of the R-factor has an average of 7.5 and 

the soil texture is sand-loamy. In the Ciupercenii Noi 

– Desa area water erosion susceptibility is high 
(Ionuș, 2013). In the Sălcuța Plain, North of Drănic, 

soil loss rate goes to 8.89. In the lower section of the 
Jiu River Floodplain, running a zonal statistical 

analysis has shown us that the low value of soil loss 

rate is 0 and the highest is 8.89 t/ha/yr. The mean 
values is 0.036 t/ha/yr and the standard deviation is 

0.074 t/ha/yr, the slope is above 10 degrees and the 
R factor is higher than 8. 

We have also run the Band Collection Statistics 
function from Arcgis 10.2.1 to have a better view on 

the relationship among the rasters data involved in 

this study. The results (Table 3) show that in some 
cases there is a positive correlation and in others it is 

negative. Analyzing Table 3, we can observe the 
positive correlation between RUSLE data and the 

raster data of every factor used to compute the soil 

loss rate. 
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Fig. 6: Soil loss map (t-1/ha-1/yr-1)

 

The highest correlation is between RUSLE and K-
factor. This means that as the values in RUSLE cells 

increase, so do the values of the K-factor cells. But 

this means that the highest RUSLE values won’t occur 
necessary on the sandy and sandy-loam texture. 

Table 3 Pearson’s Correlation between RUSLE and the factors used to compute it 

Layer RUSLE R LS K C SLOPE DEM 

RUSLE 1.00000 0.21178 0.06571 0.47287 0.37382 0.06614 0.39577 

R 0.21178 1.00000 0.08637 0.34940 0.02954 0.07553 0.36193 

LS 0.06571 0.08637 1.00000 -0.02651 -0.17137 0.91144 0.07197 

K 0.47287 0.34940 -0.02651 1.00000 0.33642 -0.03867 0.59486 

C 0.37382 0.02954 -0.17137 0.33642 1.00000 -0.18921 0.27488 

We can also observe that as the altitude increase 

so does the soil erosion rate. RUSLE values increase 

also as the C-factor values go higher. The relationship 
between R factor (rainfall erosivity) and RUSLE shows 

a positive correlation, this means that when R-factor 
goes up, RUSLE values have the same path. The 

lowest correlation is between LS-factor and RUSLE 

values.  
  

 Conclusion 

RUSLE is a very good technique to quantify the soil 
loss rate, but it seems to be more accurate for small 

areas or catchments. The biggest problem for wider 
areas is obtaining the data for calculating the factors 

involved in the equation. 

Estimating the amount of soil eroded by water 
depends on the local conditions who can change 

drastically in a short period, one of the most unstable 
aspects being the weather. We think is better to run 

an analysis on the soil loss rate taking into account 

the “history” of the area, at least from a climatic point 

of view, or, of course, you can calculate the soil loss 

rate exerted by water after a short and intense rain 

from a very small region. 
Thinking on the Băilești Plain and on the lower 

section of the Jiu River Floodplain, we can conclude 
that the erosive impact of water coming from rain is 

very law. This is happening because most of the 

region is flat, and even if the rain has a big intensity, 
the erosive power decreases due to slopes with low 

inclination. But where the slopes are steep, the soil 
loss rate increases, and this is happening in the 

North-East of our study area and on the rivers valleys 
sparsely vegetated. 

In the regions where the soil loss rate exceeds 2 

t/ha/yr, soil protection measures should be taken. 
These measures should concern with planting trees, 

stop deforestation and adapt the agricultural 
practices to slopes. 

An aspect that caught our attention is that RUSLE 

doesn’t take into account the erosive action exerted 
by rivers on their banks, and we think this also should 

be computed. 
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Abstract 

When considering human activities with potential negative effects 
in urban environment, gas stations are a hot topic. For over one 
century their presence increased associated to the number of 
vehicles used in cities, and frequently they are associated with 
residential areas – where the highest number of users are present. 
Acknowledging their potential effects, gas stations are a response 
to a high demand in cities – that of mobility. This is especially 
relevant in Central and Eastern Europe cities (such as Bucharest), 
which continue to be dominated by cars and alternative models of 
transportation are present in lower proportions. In the present 
study we started from extracting with field observations the 
present characteristics of gas stations in Sector 4 of Bucharest. 
We applied 31 field observation sheets using Survey 123, 
containing information about their emplacement and accessibility, 
the presence and structure of vegetation, etc. We compared 
results to those of 120 questionnaires applied to the population. 
Our results revealed the important role the presence of vegetation 
has on reducing the negative effects of gas stations (both 
observed and perceived), the differences between populations 
living in the proximity of gas stations and other residents, and also 
the fulfilment of legal requirements. We consider our results to be 
extremely relevant and useful instruments for urban planners and 
decision-makers in their efforts of improving the quality of life and 
wellbeing in cities. 

Keywords: gas stations, residential areas, perception 
analysis, vegetation.  

Rezumat. Analiza comparativă a rolului 
vegetației în controlarea efectelor potențiale ale 
benzinăriilor din zonele rezidențiale 

În contextul activităților antropice din orașe cu potențiale efecte 
negative asupra mediului, benzinărille reprezintă un subiect de 
actualitate. De peste un secol prezența lor a crescut direct 
proporțional cu numărul de vehicule, fiind asociate frecvent cu 
spațiile rezidențiale ce conțin un număr mare de utilizatori. 
Recunoscând efectele lor potențiale, benzinăriile sunt un răspuns 
la cerința de mobilitate a mediilor urbane. Acest aspect este 
extrem de relevant în orașele din Europa Centrală și de Est 
(precum Bucureștiul), ce continuă să fie dominate de autovehicole 
iar transportul alternativ are ponderi mai reduse. În prezentul 
studiu am pornit de la aplicarea unor fișe de observații ale 
caracteristicilor principale pentru benzinăriile din Sectorul 4 al 
municipiului București. Folosind Survey 123 am aplicat 31 de fișe 
cu informații despre amplasament, accesibilitate, distribuția 
vegetației, etc. Rezultatele au fost comparate cu cele din 120 de 
chestionare aplicate populației, și au evidențiat importantul rol al 
prezenței vegetației în reducerea efectelor negative ale 
benzinăriilor (observate sau percepute), precum și diferențele de 
percepție dintre rezidenții din proximitatea acestora și alți 
locuitori, precum și gradul de respectare diferit al cerințelor legale. 
Rezultatele sunt extreme de revelante și pot reprezenta 
instrumente utile pentru urbaniști și factorii de decizie în eforturile 
lor de îmbunătățire a călității vieții și bunăstării în orașe. 

Cuvinte-cheie: benzinării, spații rezidențiale, analiza 
percepției, vegetație 

  

Introduction 

Alongside the increased presence of vehicles in 
transportation activities, human society aimed at 

increasing the speed and efficiency of such activities, 
especially in cities which are environments moving at 

faster paces (Makarova et al., 2017). The presence of 

accessible gas stations become fundamental, and the 
firs information about them are given as early as the 

beginning of the 20th century, with a rapid 
development especially in the United States (Cramer, 

2005). In Romania, oil has been exploited from the 
19th century, the first use in cities being represented 

by the public illumination in Bucharest starting with 
1857 (Museum of Romanian Oil Industry, 2018). 

Especially after World War 2, the presence of gas 

stations in Romanian cities (and especially in 
Bucharest) become a common occurrence.  

A gas station is defined by Romanian legislation as 
the enclosure which contains different constructions 

and installations for the deposit, manipulation and 

delivery of fuels to vehicles (Government Decision 
No.195/2004), evidencing for the technical and 
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industrial character of gas stations (Ioja & Tudor, 

2012). In the scientific literature, gas stations are 

defined as areas including equipment for fuel 
distribution, depositing reservoirs and additional 

buildings such as restaurants, markets or car-washes 
(Nieminen, 2005). 

The idea that any industrial activity taking place in 

inhabited and residential areas must be in compliance 
with the provisions of existing legislation and 

regulations of local authorities is also clearly 
expressed in the literature (Thales Botelho, 2015). It 

expressed the concern over the threats and risks 
associated with gas stations and which can affect the 

population and the environment (Iojă & Tudor, 2012). 

It has been found that the presence of a high number 
of gas stations in urban residential areas can expose 

the population to a wide range of contaminants with 
direct and indirect effects on their health and 

wellbeing  (Abdullahi & Dawha, 2015). 

The high number of gas stations in an area can 
represent also a fire hazard (Ahmed et al., 2011). Gas 

stations are one of the major sources of volatile 
organic compounds in cities, and it is expected that 

their emissions will influence not only air quality but 
neighboring population also (Hicklin et al., 2018). The 

perception of the population on the risk associated with 

gas stations has been studied before, also with analysis 
of differences between specific groups of population 

(Cezar-Vaz et al., 2012). 
Residential areas are a fundamental component of 

cities, and in the case of Bucharest they are 

characterized by a high spatial and temporal dynamic 
in past three decades (Niţă, 2012). Residential areas 

are urban tissues which express the interactions 
between social, economic, ecologic and historical 

factors, with a high capacity of transforming land uses 

and functions especially in the periphery of cities 
(Zotic et al., 2010). Residential areas are represented 

therefore by a mixture of housing, urban 
infrastructures, green spaces, administrative areas, 

commercial and small industrial activities (Iojă et al., 
2012). 

Residential areas are characterized by a high 

complexity from a social and economic perspective, 
determined by the diversity of relations they establish 

with both the physical features of the space and the 
social communities inhabiting the area (Ianoş, 2008). 

One of the significant social changes is represented 

by the shift of proportions, with nowadays more 
people living in cities than in rural areas (Lombard, 

2015). The higher concentration of urban population 

leads to the emergence of environmental conflicts 

which can be also represented as incompatibilities 
between objectives or needs of the population (Lutz, 

2008), or even between specific urban functions such 
as residential areas and gas stations. This 

phenomenon comes with profound implications on 

the urban planning process (Rincon et al., 2019), 
aiming to balance between such functions and 

objectives of urban stakeholders and reduced the 
emergence of locational conflicts. 

Starting from the known influence of gas stations 
in cities, the present study aims to analyze their 

spatial distribution in Sector 4 of Bucharest, and the 

distance between gas stations and areas in proximity 
(especially residential areas) as foreseen in the 

legislation (Douti et al., 2019). In the present study 
we approach aspects related to the perception of the 

population regarding potential negative effects 

induced by the gas stations on residential areas. We 
selected the case study of Sector 4 – Bucharest, as it 

contains a wide range of urban functional areas and 
a diversity of residential areas associated or not with 

gas stations. The population of the area is 
continuously increasing, and the consumption pattern 

is still very much car-oriented, requiring the presence 

of gas stations at reasonable distances. 

Methodology 

Study area 

Situated in the south-eastern part of Bucharest 
(Fig. 1), Sector 4 stretches from the city center to the 

outskirts of the city.  It has a surface of 32 km2 (from 
the total 228 of Bucharest) and is home to 258,000 

inhabitants (representing 15.58% of the total 

population of Bucharest) (Sector 4 City Hall, 2016). 
Sector 4 includes seven categories of urban functional 

areas (Mirea et al., 2012); the highest percent being 
occupied by continuous urban fabric (37%). 

Residential areas are concentrated in the central and 
north sections of the Sector, which also has a diversity 

of green spaces (e.g., urban parks - Tineretului and 

Carol, urban protected area – Vacaresti Natural Park), 
water bodies (Dambovita represents the northern 

limit of the area), but also industrial and commercial 
areas. Similar to other cities of Romania, it has 

challenges balancing between public transportation 

and private car transportation (Iordache, 2009). 
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Fig. 1: Functional areas of Sector 4 and its location in Bucharest 

 

Data collection and analysis 

The database of the current study is resulted from 
two main sections (Fig. 2). The first one corresponds 

to information extracted from public access data-
bases, such as Open Street Maps and shape files 

downloaded from geospatial.ro, and which represent 

the cartographic background for the analysis. The 
second section is represented by data produced in the 

study, which include: (i) 31 field observations applied 
for each gas station in February – April 2020, using a 

standardized observation sheet in Survey 123; (ii) 120 
questionnaires applied online using Google forms be-

tween March and June 2020, of which 31 responses 

from people living in Sector 4 and 89 from other in-
habitants of Bucharest.  

For analyzing data, we used the following soft-
ware: (i) ArcGIS Pro for realizing spatial singular and 

buffer analysis, as well as mapping information of the 

study (Pan & Zhou, 2018); (ii) Microsoft Office Excel 
for data centralization and graphical representation; 

(iii) R-Studio for the Canonical Correspondence Anal-
ysis (CCA). Singular spatial analysis made use of 

items resulted from the observation sheets. Buffer 

analysis was realized to verify the correspondence 

with the norms of Order 173/N from 5.10.1999 of 
M.L.P.A.T. and Government Decision No. 125/ 2004 

(Ministry of Public Works and Spatial Planning). 

The statistical multivariate method of canonical 
correspondence (Canonical Correspondence Analysis 

- CCA) uses binary qualitative data, and according to 
their role in the analysis, they are grouped into ex-

planatory and response variables (Pătru-Stupariu et 
al., 2019). The data used for this analysis are derived 

from the questionnaire, which included 14 items with 

closed answers. We have grouped data according to 
two categories of actors: inhabitants from Sector 4 

and those from the rest of Bucharest. Explanatory 
variables are represented by the distance between 

the residence of the respondent and a gas station: 

small distance (100-500 m), average distance (500-
1000 m) and large distance (over 1000 m). The re-

sponses taken into analysis refer to the potential ef-
fects perceived from gas stations, but also their level 

of acceptance of gas station at various distances from 
their housing. 
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Fig. 2: Methodological flow of work for the current study 

 

Results 

Distribution and characteristics of gas 
stations 

Gas stations from Sector 4 are not distributed 

uniform, most of them being position along the major 
roads of the area. From a total number of 31 gas 

stations only 7 are found in collective residential 

areas. The south of the Sector (which is the 
peripheral area) has a higher proportion of gas 

stations (Fig. 3). 
For the analysis of the vegetation present in each 

gas station, we awarded scores from 1 to 5 in the 

observation sheets (where 1 - absence or precarious 
vegetation and 5 – vegetation in very good structure 

and quality). The average value for all the gas stations 
was of 2.9. In gas stations, the vegetation is 

represented by floral arrangements, trees, shrubs, 
grass and hedges. The most representative type of 

vegetation met within 21 gas stations are shrubs. In 

the majority of the cases, the vegetation is placed at 
the margins of the gas stations emplacement, there 

being said, there are situations in which hedges 
represent their very boundary.  

  

Fig. 3: Vegetation and problems observed in 

the analyzed gas stations 
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The most encountered problems in on-field 

observations are represented by unpleasant odors, 

presence of wastes, fuel leaks (with an average 
presence of 70%). We observed a strong correlation 

between the presence of higher quality vegetation 
and a reduced proportion of signaled problems. The 

values given to the problems encountered in the 

majority of the gas stations are assigned according to 
the direct situation observed from the field. Also, we 

can see that the problem is getting worse if the 
incidence is taken into account and applied to the 

number of gas stations in the studied area. 
According to present legislation in Romania, gas 

stations should be emplaced according to the limits 

imposed by the legislation (Government Decision 
125/2004). We found frequent differences from the 

regulations in the case of the distance to the 
intersection, residential areas and public 

transportation (Table 1), demonstrating a deficient 

emplacement of gas stations. 

Examining the minimum safety distance between 
gas stations and intersections of the main roads, 13 

gas stations are situated at a smaller distance (the 
lowest value being of only 5 meters) (Fig. 4). The field 

observations on the distances between gas stations 

and residential areas showed that almost half of them 
are situated closer than the minimum distance of 25 

m in the legislation. Some of the gas stations are 
situated at fewer than 10 m from residential areas, 

with significant higher risks in their case. The position 
of gas stations in relation to public transportation 

presents a similar situation. From the total number of 

31 gas stations, 19 are found closer than the limits set 
out by the legislation. For all of the three above aspects 

we also found gas stations which fulfill all of the legal 
requirements. 

Table 1 Differences between minimum distances in the legislation and field observations 

Emplacement Legislation Field observations distances 

  Min. Max. Median 

Intersection > 100 m 5 m 230 m 100 m 

Residential space > 25 m 10 m 50 m 30 m 

Public transportation > 10 m 1 m 50 m 10 m 

 

 

Fig. 4: Distances between gas stations and: a) intersection, b) residential areas, c) public trans-

portation 
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Perception analysis 

An important role is played by the variable address 
of the respondent, after which we were able to 

spatialize their distribution in the study area. We 

found their residence to be distributed randomly in 
Bucharest, but with a higher concentration in Sector 

4 (Fig. 5). In Bucharest, most of the respondents own 
a personal car, therefore gas stations are 

indispensable for their transportation. A smaller 

proportion of people prefer public transportation or 
alternatives such as bicycles or skateboards, which is 

consistent with other studies (Niţă et al., 2018).  
Considering the necessity of gas stations in such a 

car-oriented city, we found their acceptance among 
the population to be divided into three main 

categories: those who approve to their presence, 

those who oppose them and those without a clear 
opinion. 48% of the respondents are against the 

presence of gas stations in residential areas and 
expressed their concerns about the associated 

negative effects and potential risks. 

In addition, perceptions can be different according 
to the distance from the residence to gas stations. We 

used three intervals to test (100-500m, 500-1000m 
and over 1000m) to test if the distance really is an 

influence factor in the perception of the public from 
Bucharest and from Sector 4 (Fig. 6). 

 

Fig. 5: Buffer analysis between the residence 

of respondents and gas stations 

 

Fig. 6: Acceptance of gas stations in residential areas (above) and potential risks in the per-

spective of residents according to the distance to gas stations (below) 
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In the closest intervals (100-500m and 500-1000), 

there is a higher proportion of those perceiving 

associated risks with gas stations (64%) and those 
who are not, with differences between population in 

Sector 4 and overall Bucharest (more sensitive). It is 
a strange result that the highest proportions of 

perceived risks associated with gas station come from 

residents at over 1000m, a possible explanation being 
the theoretical perception of negative effects rather 

than daily experiences. 
The multivariate statistical method of canonic 

correspondence reveals the perception of population 
regarding the main problems associated with gas 

stations in residential areas, according to the distance 

between the two functions (Fig. 7). The green dots in 
the graph represent residents of Sector 4 and the red 

ones those from the rest of Bucharest. The variables 
V8, V2, V4 positioned centrally are the most 

representative according to the distance from gas 

stations. 

Most people do not agree with the presence of gas 

stations in residential areas or other public spaces, 

perceiving a potential risk associated with them, and 
considering gas stations should be farther away from 

their residences. V3 and V9 are the outside variables, 
possible due to the fact that respondents are unaware 

of the risks associated with gas stations, and 

therefore select the “I do not know” answer. 
DFN1 represents the closest distance to the 

previously presented variables (V8, V2, V4), thus 
respondents are living between 100 – 500 meters 

from a gas station. This underlines that the distance 
is in concordance with an awareness of the potential 

effects of gas stations on residential areas, and aspect 

underlined by results of the CCA. The highest 
proportion of risk awareness is specific to the variable 

V4, situated at a distance of 100 – 500 m. 
 

 

 

Fig. 7: Results of the Canonical Correspondence Analysis 

 

Discussion and conclusion 

In the other studies (Peprah et al., 2018), the main 

subject is about the indispensability of gas stations in 

the current society, thus being realized a spatial 
analysis between filling stations and public facilities 

with the help of GIS software.  
The results of this paper show that the majority of 

gas stations are positioned along the main highways, 
not always complying with the law. Starting from this 

analysis, we did another analysis of 3 separate 

situations, all regarding the distance of gas stations 
from certain places.  

Likewise, we considered the study entitled “Effect 

of leaking natural gas on soil and vegetation in urban 

areas”, in which they analyzed problems regarding 
leaking of natural gases from the distribution system 

that can affect the chemical, physical and biological 
processes of the soil. As results, they implemented 

special measures to accelerate the regeneration of 
the soil, inclusive the present vegetation, so they 

decided to plant new trees and also to install 

ventilation channels in the soil. We concluded that the 
vegetation has an important role in reducing the 

problems associated with gas stations by pointing out 
the connection between them (Hoeks, 1972). 

The field observation sheet is one of the simplest 

and easiest ways of data collection, based on our 
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direct approach of the gas stations, and providing us 

with reliable data with a spatial dimension. The 

precision of data is rather high and they provided 
information not influenced by perception (as in the 

case of the questionnaire). We have not encountered 
issues with access to locations in which to apply our 

field observations, as all of the gas stations are with 

public access.  
As for the questionnaire, we found the method 

easy to use (especially as we applied it online), but in 
the same time we had little to no control in selecting 

a targeted audience for responses. The online 
approach allowed us to reach a higher community of 

people in a shorter time, but in the same time we had 

similar age and educational profiles of respondents.  
In assessing the characteristics of fuel stations, we 

observed a strong relation between the presence of 
healthy vegetation and reduced environmental 

problems perceived by the population. In addition, by 

assessing the potential effects received by the 
population, they acknowledged distance as a main 

criterion associated with the presence of threats. 
Although we encountered a significant number of gas 

stations in Sector 4 of Bucharest which are not in total 
conformation with the existing regulations, they are 

perceived as a necessity by the population. 

Our study reveals that 85% of gas stations in 
Sector 4 are found in the close proximity of residential 

areas. A high proportion of the inhabitants are aware 
of the potential risks associated with gas stations, the 

rest being undecided. Even though most of the gas 

stations are not abiding the minimum safety distances 
from the legislation, their functioning is continuing 

and deemed as important for the mobility in 
Bucharest. 

In the future, we will continue our study by 

measuring Volatile Organic Compounds (VOCs) from 
gas stations areas, and improving the knowledge on 

direct possible effects. Concentrations of substances 
will allow us to asses the risks to which employers, 

clients and local residents are exposed. We will also 
increase the sample size of our questionnaire and 

make field observations to gas stations in the rest of 

Sectors in Bucharest. We consider such results to be 
of high importance to urban planners and decision-

makers in their efforts of improving the quality of life 
and wellbeing in cities. 
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Abstract 

The analysis of the relationships between groundwater and 
terrestrial ecosystems contributes to the conservation of 
biodiversity and the quantitative and qualitative status of the 
aquifer. 
The main goal of the paper is to analyze the relationships between 
the phreatic aquifer of ROIL16 (Vlăsia Plain) and the six Natura 
2000 habitats from the Site of Community Importance (SCI) 
ROSCI0224 Scroviștea.  
This work is based on hydrogeological, geological data, 
mathematical modeling of the phreatic aquifer (October 17-19, 
2017), and the methodology used for study the relationship 
between groundwater bodies and terrestrial ecosystems, 
developed by the R.A.H. (2015).  
The evaluation of the dependence (high - A, medium - B, nule - 
C) relations, between the phreatic aquifer and the habitats, is 
made mainly by correlating the depth of the hydrostatic level with 
the depth of the root system of plant and tree species.  
The main findings based on the hydrogeological, ecological 
criteria, and analysis algorithms highlight the fact that most 
habitats and later the Scroviștea site are dependent on 
groundwater. The six Natura 2000 habitats (3150, 3160, 91M0, 
91F0, 91E0 și 92A0) are analyzed individually concerning the 
depth of the groundwater level. In the evaluation of the degrees 
of dependence of the habitats, two other criteria are applied, 
maximum and arithmetic mean about their extension surface. 
Thus, four habitats (91M0, 91F0, 91E0, and 92A0) are identified 
with high dependence on groundwater, and two habitats (3150 
and 3160) with nule dependence. Considering only this stage of 
analysis, it was considered that the SCI Scroviștea has a high 
dependence on the phreatic aquifer. 
For a correct assessment of the dependence relations between 
groundwater and habitats, analyzes related to the hydrodynamic 
and hydrochemical regime of the groundwater aquifer and the 
correlation of this information with analyzes from specialized 
studies performed for plant and tree species are required. 

Keywords: aquifer, phreatic, habitat, Scroviștea, hydrostatic 
level, terrestrial ecosystems 

Rezumat. Analiza relațiilor dintre apa subterană 
și habitatelele sitului NATURA2000 ROSCI0224 
Scoroviștea 

Analiza relațiilor dintre apa subterană și ecosistemele terestre 
contribuie la conservarea biodiversității și a stării cantitative și 
calitative a acviferului.  
Principalul obiectiv al lucrării este analiza relațiilor dintre acviferul 
freatic, reprezentat de către corpul de apă subterană ROIL16 
(Câmpia Vlăsia) și cele șase habitate Natura 2000 din Situl de 
Importanță Comunitară (SCI) ROSCI0224 Scroviștea.  
Această lucrare se bazează pe date hidrogelogice, geologice, 
modelarea matematică a acviferului freatic (17-19 octombrie 
2017) și o metodologia de analiză a relațiilor dintre corpurile de 
apă subterană și ecosistemele terestre, elaborată de către A.H.R. 
(2015).  
Evaluarea relațiilor de dependență (ridicată – A, medie – B, nulă 
– C) dintre acviferul freatic și habitate este realizată în principal 
prin corelarea adâncimii nivelului hidrostatic cu adâncimea 
sistemului radicular al speciilor de plante și arbori.  
Principalele constatări bazate pe criteriile hidrogeologice, 
ecologice și algoritmii de analiză evidențiază faptul că majoritatea 
habitatelor și ulterior situl Scroviștea prezintă dependență de 
apele subterane. Cele șase habitate Natura 2000 (3150, 3160, 
91M0, 91F0, 91E0 și 92A0) sunt analizate individual în raport cu 
adâncimea nivelului apei subterane. În evaluarea gradelor de 
dependență ale habitatelor sunt aplicate alte două criterii, 
maximal și media aritmetică în raport cu suprafața de extindere a 
acestora. Astfel, patru habitate (91M0, 91F0, 91E0 și 92A0), sunt 
identicate cu dependență ridicată (A) față de apa subterană iar 
două habitate (3150 și 3160) cu dependență nulă (C). Luând în 
considerare doar această etapă de analiză, s-a considerat că SCI 
Scroviștea are o dependență ridicată, față de acviferul freatic.  
Pentru o evaluare corectă a relațiilor de dependență dintre apele 
subterane și habitate, sunt necesare analize legate de regimul 
hidrodinamic și hidrochimic al acviferului freatic și corelarea 
acestor informații cu analizele din studiile specializate efectuate 
pe speciile de plante și arbori. 

Cuvinte-cheie: acvifer, freatic, habitat, Scroviștea, nivel hi-
drostatic, ecosisteme terestre 

 

Introduction 

In the current context of our time, the subject of 
protection and conservation status of groundwater 

and terrestrial ecosystems (Strat and Mihăilescu, 

2017; Alberdi et al., 2019) is intensely discussed. 
Groundwater is an important resource for both 

terrestrial, aquatic, animal ecosystems and the quality 
of human life (Richardson et al., 2011). 

The most important objective is to analyze the 

relationships between the phreatic aquifer and 
terrestrial ecosystems, respectively of Sites of 

Community Importance (SCI) through Natura 2000 
habitats for identifying their conservation status and 
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factors that can lead to quantitative and qualitative 

deterioration (Budzisz et al., 2016). 

This work is based on the main principles of 
groundwater and terrestrial ecosystems protection 

policy against pollution and deterioration included in 
Directive 2000/60 EC, Directive 2006/118/EC, and 

Directive 92/43/EEC on the conservation of natural 

habitats and wild fauna and flora.    
Most European countries such as Austria, Belgium, 

France, Finland, Germany, Ireland, Luxembourg, 
Malta use available information on Natura 2000 

habitats to identify groundwater-dependent 
ecosystems (Retike et. al, 2021). This process uses 

ecological and hydrogeological criteria, as well expert 

judgment to classify ecosystems according to the 
potential dependence on groundwater (T’jollyn et al., 

2009; Whiteman et al., 2010; Rohde et al., 2017; 
Noorduijn, 2019; Terasmaa et al., 2020; Boulton, 

2020;). By 2014, the Federal Ministry of Agriculture, 

Forestry, Environment and Water Management of 
Austria had identified 104 groundwater-dependent 

sites based on analysis of groundwater and Natura 
2000 habitats. The National Institute for Environment 

from Hungary has identified 34 habitats, dependent 
on both surface water and groundwater. Ireland has 

prioritized 11 groundwater-dependent habitats using 

Annex 1 of Directive 92/43/EEC and the 
hydrodynamic conditions of wetlands and aquifers. 

The Water Management Agency from Luxembourg 
has also identified 10 habitats dependent on 

groundwater and surface water (E.U., 2014). 

Romania has conducted an analysis of the 
interdependence between groundwater and 

terrestrial ecosystems included in the National 
Management Plan 2016 - 2021 based on the 

methodology developed by R.A.H. (2015) and using 

multiannual averages of the hydrostatic level for the 

period 2000 - 2014. Only Sites of Community 
Importance with areas larger than 10 km2  were 

analyzed. Therefore, habitats 91F0 and 91M0 were 
identified with high dependence, and also the Site of 

Community Importance ROSCI0224 - Scroviștea was 

considered potentially dependent on groundwater 
(A.N.A.R. et al., 2016). 

The main goal of the paper is to analyze the 
relationships between the phreatic aquifer, 

represented by the groundwater body ROIL16 - Vlăsia 
Plain and all Natura 2000 habitats from the Site of 

Community Importance ROSCI0224 Scroviștea, using 

data from the mathematical modeling of groundwater 
for October 17-19 2017. 

In general, a terrestrial ecosystem is dependent 
on the groundwater when between the two systems, 

ecological and hydrogeological, there are exchanges 

of abiotic and biological flows Thus, the existence and 
quality of such terrestrial ecosystems are based on 

the contribution and characteristics of groundwater 
(e.g. variation of hydrostatic level, flow, temperature, 

chemical composition) (Scrădeanu et al., 2015). 

Study area 

The phreatic aquifer studied is part of the 
groundwater body ROIL16 – Vlăsia Plain. This 

groundwater body belongs to the basin of the 

Ialomița River, located in the south of Romania. The 
groundwater body is crossed by the Ialomița River in 

the NV-SE direction on a length of approximately 58 
km (Fig. 1).

 

Fig. 1: Location of the ROIL16 groundwater body 
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The groundwater body ROIL16 is located on the 

largest surface in Vlăsia Plain, on the subunits Maia, 

Snagov, Gherghița, Movilița, and Titu Plains (Badea et 
al., 2011). The altitude decreases from 120 m in the 

northwest of the groundwater body to 64 m in the 
southeast.  

The study area is characterized by a temperate-

continental climate with slight excessive nuances. For 
the period 1950 and 2000, the average annual air 

temperature recorded at the weather station in 
Tâncăbești was 9.9°C and in Snagov 10°C. During the 

same period, the average annual quantities recorded 
in case of precipitation were 648.2 mm in Periș and 

671.8 mm in Tâncăbești (Niță, 2012). In October 

2017, in the study area, the average temperature was 
10-12°C and precipitations had values between 101 – 

150 mm (www.meteoromania.ro).  
The type of soil, its degree of permeability, and its 

thickness influence, on the one hand, the infiltration 

capacity of precipitation and surface water in the 
phreatic aquifer and on the other hand manage the 

interdependence relations between terrestrial 
ecosystems and groundwater. The ROIL16 – Vlăsia 

Plain groundwater body is characterized by the 
presence of five soil classes: molisols, argiluvisols, 

cambisols, hydromorphic and undeveloped soils 

(Roșu, 1980). 
The hydrodynamic relationships between 

rivers/lakes and the phreatic aquifer are important in 
identifying terrestrial ecosystems dependent on these 

water sources. The ROIL16 groundwater body is 

dominated by the Ialomița and Prahova rivers and 
their tributaries: Snagov, Sticlărie, Gruiu, Vlăsia, 

Cociovaliștea, Poenari, Țuianca, Maia and Comana. 
Also, the area is rich in natural lakes (Snagov, 

Căldărușani, Mânăstirii) of accumulation (Dridu, 

Vlăsia I and II, Balta Neagră, Podișor, Petrești, Maia) 
and fish lakes (Tâncăbești, Căciulați, Comana, 

Corbeanca). 
The groundwater body ROIL16 – Vlăsia Plain has 

a surface of about 729.58 km2 and includes many 
localities. The average number of inhabitants in the 

period 1991 - 2009 for some localities in the study 

area was: Corbeanca, Nuci, Ciolpani (< 5000 
inhabitants); Snagov, Moara Vlăsiei, Gorgota (5001-

6000 inhabitants); Balotești, Gruiu (6001 – 7000 
inhabitants);  Periș (7001 – 8000 inhabitants) and 

Puchenii Mari (> 8001 inhabitants) (Buzăianu, 2012). 

The phreatic aquifer develops between depths of 
2.0 and 30.0 m and is represented by sands, sands, 

and gravels, sometimes with boulders and finer sands 
with intercalations of clayey sands and sandy clays 

with a general thickness of 0.5 - 5 m. The age of this 
formation is Upper Pleistocene – Holocene 

(Săndulescu et al., 1968).  

The oldest information about the studied area 
comes from the preliminary and definitive 

hydrogeological studies from the execution of the 

observation wells from the National Hydrogeological 

Network, in which the phreatic aquifer is described 

and characterized (Sindile and Safta, 1969; Simionaș 
and Safta, 1969; Pantea, 1971). The most recent data 

are represented by the studies for the water supply 
of the localities, or the dimensioning of the sanitary 

protection zones and the hydrogeological protection 

perimeter in the case of drinking groundwater 
sources (Malancu and Baciu, 2020; Malancu and 

Baciu, 2021). 
The Site of Community Importance Scroviștea – 

ROSCI0224 was declared by Order 1964/2007 and 
modified by Order 2387/2011 and is located in the 

northwestern part of the groundwater body ROIL16, 

between the localities Ologeni – Ciolpani - Periș. The 
site has an area of 3.391 ha, is crossed by the Sticlărie 

River, and is bounded on the north by the Ialomița 
River and the south by the Snagov River (A.P.M. Ilfov 

and UNESCO Pro Natura Ecological Club, 2016). The 

Scroviștea site has a double community protection 
status because, in addition to the Site of Community 

Importance ROSCI0224, it also contains the special 
avifaunistic protection area ROSPA0140. The 

importance of this site is due to the Natura 2000 
natural habitats and the protected wild species for 

which it was delimited. The six Natura 2000 habitats 

that are found in the Scroviștea site include a great 
diversity of flora species (Brînzan et al., 2013; A.P.M. 

Ilfov and UNESCO Pro Natura Ecological Club, 2016), 
(Fig. 2): 

➢ 3150 – Natural eutrophic lakes with 
Magnopotamion or Hydrocharition – type vegetation: 
Lemna minor, Salvinia natans, Utricularia vulgaris, 

Stratiotes aloides, Sagittaria sagittifolia etc.; 
➢ 3160 – Natural dystrophic lakes and ponds: 

Nymphaea alba, Nuphar luteum, Potamogeton natan, 

Trapa natans, Sparganium erectum, etc.; 
➢ 91M0 – Pannonian-Balkanic turkey oak – 

sessile oak forests: Quercus cerris, Quercus petrae, 
Carpinus betulus, Tilia tomentosa, Acer tataricum, 

Rhamnus cathartica, Euonymus Verrucosa, Crocus 
sativus, Hieracium pilosella, Achillea millefolium etc.; 

➢ 91E0 – Alluvial forests with Alnus glutinosa 
and Fraxinus excelsior (Alno-Padion, Alnion incanae, 
Salicion albae): Salix alba, Fraxinus excelsior, Alnus 

glutinosa, Telekia speciosa, Clematis vitalba, Angelica 
archangelica etc.; 

➢ 92A0 – Salix alba and Populus alba galleries: 
Populus alba, Salix alba, Populus nigra, Sambucus 
nigra, Cornus sanguinea, Phragmites australis, Viola 

odorata, Ulmus laevis, Carex acutiformis, 
Shoenoplectus lacustris etc.; 

➢ 91F0 – Riparian mixed forests of Quercus 
robur, Ulmus laevis and Ulmus minor, Fraxinus 
excelsior or Fraxinus angustifolia, along the great 
rivers (Ulmenion minoris): Quercus robur, Fraxinus 
excelsior, Populus alba/nigra, Salix alba, Prunus 
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padus, Rhamnus frangula, Leonurus cardiaca, 

Aegopodium podagraria etc.

 

 

Fig. 2: Location of the Site of Community Importance Scroviștea – ROSCI0224 and Natura 2000 

habitats (Source pictures: www.portugal.inaturalist.org) 

Data and methods 

The first step was to identify and analyze 

separately the phreatic aquifer and Natura 2000 

habitats in the study area. Based on hydrogeological 
and ecological information it was possible to evaluate 

the relationships between these two complex 
systems. 

The phreatic aquifer was represented in a 

simplified way through a conceptual model (Dijksma 
and Avis, 2016; Manea, 2020). This was achieved 

through three main stages: spatial, parametric, and 
hydrodynamic schematization. In this process, the 

geometry of the hydrostructure, the distribution of 
hydrogeological parameters, and the dynamics of 

groundwater in an uninfluenced regime were 

identified, determined, and studied. The conceptual 
model of the phreatic aquifer was created based on 

the following data: 
➢ the geometry of the phreatic aquifer was 

determined based on information from 145 

hydrogeological boreholes (lithology, experimental 
pumping data, and constructive characteristics of the 

wells) taken from the National Hydrogeological 
Network of the National Institute of Hydrology and 

Water Management – N.I.H.W.M.; 
➢ the hydraulic conductivity was calculated 

based on the data from the drilling pump tests; these 

data were statistically processed, obtaining 

histograms, directional variograms, surface 

variograms, isovariograms, anisotropy parameters 
that were used to determine the spatial variation of 

the hydraulic conductivity; 
➢ the stage of rivers (Ialomița, Prahova, 

Sticlărie, Snagov, etc.) and lakes (Căldărușani, 

Snagov, Mânăstirii, etc.) personal field measured from 
October 17-19, 2017, in 55 observation points;  

➢ groundwater levels from October 17-19, 
2017, in 39 hydrogeological wells, provided by the 

Buzau Ialomita Basin Water Administration; 
➢ the stage rivers recorded at hydrometric 

stations (Siliștea Snagovului) from October 17-19, 

2017, date taken from N.I.H.W.M; 
➢ amount of precipitation from N.I.H.W.M. 

Using all the information from October 17-19, 
2017, the hydrodynamic spectrum of groundwater 

flow was realized. Based on this, the hydraulic 

relations between the groundwater aquifer and the 
surface waters were initially identified. Also, using the 

hydrodynamic spectrum, the boundary conditions of 
the mathematical model for groundwater flow were 

established. The mathematical model of groundwater 
flow was developed through the MODFLOW 2005 

program, integrated in the FREEWAT platform 

developed within the European Union’s Horizon 2020 
project. This mathematical model highlighted the fact 

that the hydrographic network was fed mainly from 
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the phreatic aquifer for the analyzed period. Based on 

the mathematical model of groundwater flow, a map 

was made with the depths of the hydrostatic level that 
was used in the analysis of this paper. 

The analysis of the relationships between the 
groundwater aquifer and the Natura 2000 habitats of 

the Site of Community Importance Scroviștea was 

performed using: 
➢ the map with the depths of the hydrostatic 

level resulting from the mathematical model, for the 
period 17-19 October 2017; 

➢ the spatial data set in GIS format with the 
limits of Sites of Community Importance and Natura 

2000 habitats, provided by the Ministry of the 

Environment, Waters and Forests (updated in 2017);  
➢ the stages of the methodology developed by 

the R.A.H. (2015): ”Study on the Methodology for 
analyzing the interdependence between groundwater 
bodies and terrestrial ecosystems with the 
identification of terrestrial ecosystems directly 
dependent on groundwater in accordance with the 
provisions of the Water Framework Directive 
2000/60/EC and Directive 2006/118/EC”. 

Natura 2000 habitats are represented at national 
level in the form of a square network of 10x10 km2. 

This network was superimposed with ROSCI0224 

Scroviștea from where resulted the surfaces of the 
habitats within the site, which were analyzed (Fig. 3-

6). 
The methodology involves analysis based on 

hydrogeological and ecological criteria for the 

identification of groundwater-dependent ecosystems 
and an algorithm for assessing the degrees of 

dependence for each Natura 2000 habitat and 
subsequently for the entire Site of Community 

Importance (Scrădeanu et al., 2015). 

The algorithm for assessing the intensity of 
dependency relationships between Natura 2000 

habitats and the phreatic aquifer applies only to 
potentially groundwater-dependent ecosystems 

identified in the study area. Hydrogeological and 
ecological criteria can generate three dependency 

levels: high dependence (A), medium dependence 

(B), and nule dependence (C) (Scrădeanu et al., 
2016). After applying the algorithm, a potential 

groundwater-dependent ecosystem will have some 
indices (A/B/C) that will be equal to the number of 

ecological (EC) and hydrogeological (CH) criteria 

applied. The degree of dependence will be 
established based on the maximum dependency 

index in the category of indices obtained from 
hydrogeological and ecological criteria. 

Here, the identification of ecosystems potentially 
dependent on the phreatic aquifer was performed for 

ROSCI0224 Scroviștea and associated habitats that 

are included in Annex 1 of Directive 92/43/EEC and 
Annexes 1a and 1b of the methodology developed by 

the R.A.H. (2015). 

The assessment of the dependence of Natura 

2000 habitats on groundwater was performed by 

analyzing the depth of the hydrostatic level 
concerning the depth of the root system of plants and 

trees, using data from mathematical modeling of the 
phreatic aquifer and levels recorded in observation 

wells for October 17-19, 2017. During the analyzed 

period, in the area of the ROIL16 groundwater body, 
the variation of the hydrostatic level depth was 

between 0.74 and 14.63 m. 

Results and Discussion 

The application of hydrogeological and ecological 

criteria has led to the fact that ROSCI0224 Scroviștea 
is potentially dependent on groundwater, as it 

develops on the surface of the phreatic aquifer that 

communicates through the capillary area and the 
unsaturated zone with the land surface. 

Considering Annexes 1a and 1b within the 
interdependence analysis methodology developed by 

R.A.H. (2015), Natura 2000 habitats may have the 

following types of dependence on groundwater, 
depending on the depth of the root system of plants 

and trees (Scrădeanu et al., 2015): 
➢ 91F0 and 91M0: A - if the depth of the static 

water level (S.W.L.) is between 0-10 m, B - if the 
depth of the S.W.L. is between 10.0 - 20.0 m and zero 

dependence (C) if the depth of the S.W.L. is greater 

than 20.0 m; 
➢ 92A0, 91E0, 3150, and 3160: has a probable 

type of dependence which is determined based on the 
position of the static water level of the aquifer and 

the share of the underground supply of surface water 

bodies (A*). 
Habitat 91M0 - Pannonian-Balkanic turkey oak – 

sessile oak forests within the ROSCI0224 site are 
developed in the area where the depth of the static 

water level varies from 4.0 m in the north of the site 

to more than 10.0 m in its south-west, on a total area 
of 29.74 km2 (Fig. 3). 

In this situation, the dependency levels for the 
91M0 habitat were established as follows: 

➢ areas “A” have been delimited where the 
depth of the static water level was less than 10.0 m 

and where the dependence on groundwater is high; 

➢ area “B” has been delimited where the depth 
of the static water level was greater than 10.0 m and 

where the dependence on groundwater is considered 
medium. 

The highest degree of dependence identified for 

habitat 91M0 was type A - high dependence. Habitat 
91M0 showed high dependence of type A, on an area 

of 24.52 km2 and medium dependence of type B on 
5.22 km2. The degree of dependence of the habitat 

91M0 depending on the surface on which it develops, 
according to the criterion of the arithmetic mean, is 

type A - high dependence. 
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Fig. 3: Degrees of dependence on groundwater for habitat 91M0 

 
 

 

Fig. 4: Degrees of dependence on groundwater for habitat 91F0 
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Habitat 91F0 - Riparian mixed forests of Quercus 

robur, Ulmus laevis and Ulmus minor, Fraxinus 

excelsior or Fraxinus angustifolia, along the great 
rivers (Ulmenion minoris) within the site ROSCI0224 

develops in the area where the depth of the static 
water level varies from 4.0 m in the north of the site 

to more than 10.0 m, in its southwest, on a total area 

of 3.72 km2 (Fig. 4). 
Thus, the degrees of dependence for habitat 91F0 

were identified: 
➢ areas “A” have been delimited where the 

depth of the static water level was less than 10.0 m 
and where the dependence on groundwater is high; 

➢ area “B” has been delimited where the depth 

of the static water level was greater than 10.0 m and 
where the dependence on groundwater is considered 

medium. 
The highest degree of dependence identified for 

habitat 91F0 was type A - high dependence. Habitat 

91M0 had high dependence of type A, on an area of 
1.88 km2 and medium dependence of type B on 1.84 

km2. The degree of dependence of the habitat 91M0 

depending on the surface on which it develops, 

according to the criterion of the arithmetic mean, is 
type A - high dependence. 

Habitats 3150, 3160, 91E0, and 92A0 have a 
probable type of dependence which is determined 

based on the position of the hydrostatic level of the 

aquifer and the share of the underground supply of 
surface water bodies (A*). To identify the degrees of 

dependence of these habitats, the characteristics of 
some species, the depth of the hydrostatic level of the 

phreatic aquifer, and the relationships between 
groundwater and surface water resulting from the 

mathematical model of groundwater flow were 

analyzed. 
Habitats 3150 and 3160 occupy the same area, of 

29.74 km2, within the Site of Community Importance. 
The two habitats 3150 and 3160 develop in the area 

where the depth of the water static level varies from 

4.0 m (north of the site) to more than 10.0 m 
(southwest of the site) (Fig. 5).

 

Fig. 5: Degrees of dependence on groundwater for habitats 3150 and 3160

Taking into account the depth of the hydrostatic 
level and that of the root system for certain 

component species within the habitats, it was 
considered that habitats 3150 and 3160 may have the 

following types of dependence: A – the depth of the 
S.W.L. is between 0 – 2.0 m, B – depth of S.W.L. 2.0 

-.4.0 m and C – depth of S.W.L. > 4.0 m.  

Given that in the area of habitats 3150 and 3160, 
the depth of the hydrostatic level at the time of the 

analysis was greater than 4.0 m, it was considered 
that they have nule dependence (type C) on 

groundwater, being likely dependent on surface water 
and other sources (precipitation, humidity). Because 

the mathematical model of groundwater flow 

developed for the study area (October 17-19, 2017) 
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showed that the phreatic aquifer fed the Ialomița and 

Sticlărie rivers, habitats 3150 and 3160 could be 

considered potentially dependent on groundwater 
due to the hydraulic connections. 

Habitats 91E0 and 92A0 within the ROSCI0224 
site are developed in the area where the depth of the 

static water level varies from 4.0 m in the north of the 

site to more than 10.0 m in its south-west, over a 

total area of 29.74 km2 and 3.72 km2 respectively 

(Fig. 6). 

Taking into account the greatest possible depths 
of the root systems characteristic of certain 

component species within the habitats and those of 
the hydrostatic level, it was considered that habitats 

91E0 and 92A0 may have the following types of 

dependence: A - depth of S.W.L. 0-10 m, B - depth of 
S.W.L. 10-20 m and C - depth of S.W.L. > 20m.

 

Fig. 6: Degrees of dependence on groundwater for habitats 91E0 and 92A0 

 
The two habitats are characterized by plant and 

tree species that have different depths of root 
systems. For species that do not develop their roots 

up to a maximum depth of 10.0 m, but would fall into 
the categories of 0 - 2 m or 0 - 4 m, it was taken into 

account that the aquifer feeds the Ialomița and 

Sticlărie rivers, thus ensuring a possible dependence 
on hydraulic connections. 

In this case, the degrees of dependence for 
habitats 91E0 and 92A0 were determined as follows: 

➢ areas “A” have been delimited where the 

depth of the static water level was less than 10.0 m 
and where the dependence on groundwater is high; 

➢ areas “B” have been delimited where the 
depth of the static water level was greater than 10.0 

m and where the dependence on groundwater is 
considered medium. 

The highest degree of dependence identified for 

habitats 91E0 and 92A0 was type A - high 

dependence. Habitat 91E0 had high dependence of 

type A, on an area of 24.52 km2 and medium 
dependence of type B on 5.22 km2. Also, habitat 92A0 

showed high dependence of type A, on an area of 
1.88 km2 and medium dependence of type B on 1.84 

km2. The degrees of dependence of habitats 91E0 

and 92A0 depending on the areas on which they 
develop, according to the criterion of the arithmetic 

mean, are type A - high dependence. 
Based on the two types of criteria applied 

(maximum and arithmetic mean), four of the 

Scroviștea site habitats (91M0, 91F0, 91E0, and 
92A0) showed high dependence (A) and two (3150, 

3160) nule dependence on groundwater (C) (Tabel 
1). 

The degree of dependence of a site calculated 
based on the arithmetic mean criterion, for which 

habitat development areas are taken into account, 

may lead to a reduction in the number of habitat 
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types identified as dependent on groundwater. 

Therefore, for habitat with high dependence (A) on a 

smaller area than the one in which the medium or 
nule dependence (B/C) has been identified, the 

importance of plant and tree species in the balance 
of the ecosystem cannot be estimated at the level of 

the current degree of knowledge (Scrădeanu et al., 

2015). For this reason, the degree of dependence of 

ROSCI0224 Scroviștea was established based on the 
maximum criterion, also called the “prudence” 

criterion.

Tabel 1: Degrees of dependence (A, B, C) on groundwater for all six habitats 

Habitats Natura 2000 

Criteria  

The maximum The arithmetic mean area (km2) 

A* B* C* A B C 

91M0 A B  24.52 5.22  

Degree of dependence categorically 91M0 A A 

91F0 A B  1.88 1.84  

Degree of dependence categorically 91F0 A A 

3150   C   29.74 

3160   C   29.74 

91E0 A B  24.52 5.22  

Degree of dependence categorically 91E0 A A 

92A0 A B  1.88 1.84  

Degree of dependence categorically 92A0 A A 

A*= high dependence; B* = medium dependence; C*= nule dependence. 

 

Conclusions 

In this paper, a stage of analysis of the relations 
between the phreatic aquifer in the study area and 

the Natura 2000 habitats from ROSCI0224 Scroviștea 
was performed.  

The assessment of the dependency relationships 

between Natura 2000 habitats and groundwater was 
mainly done based on the information resulting from 

the mathematical model of groundwater flow and the 
stages within the methodology developed by R.A.H. 

(2015). 
At this stage in which the dependence degrees of 

Natura 2000 habitats were evaluated, four highly 

dependent habitats (91M0, 91F0, 91E0, and 92A0) 
and two nule dependence (3150, 3160) were 

identified. Based on the analysis and the 
hydrogeological and ecological criteria used, it was 

considered that ROSCI0224 Scroviștea has a degree 

of dependence of type A on the groundwater aquifer. 
The results of this paper are consistent with those 

presented in the National Management Plan 2016-
2021 (A.N.A.R et al., 2016), even if the 

hydrogeological and ecological information comes 

from different periods. Similar results have been 
observed in analyzes carried out in Estonia, Austria, 

Luxembourg, France, Finland, Germany, Ireland, 
Malta (Kilroy et al., 2008; T’jollyn, et al., 2009; 

Sundseth et al., 2013; Boulton, 2020) and the main 
cause is that the correlation between groundwater 

and terrestrial ecosystems is based on research into 
the main elements of soil, surface water, wetlands, 

groundwater, and ecosystems. 

However, the analysis of whether a site is 
dependent on groundwater is much more complex 

and contains several stages. The analysis presented 
applies similarly to the land use categories of Corine 

Land Cover 2000. The next step is to perform an 
analysis of the hydrodynamic regime of the 

hydrostatic level because the phreatic aquifer is 

influenced mainly by natural factors (precipitation, 
temperature) and anthropogenic factors 

(groundwater catchment, irrigation systems) (Badiu 
et al., 2014). Then an assessment of the dependence 

of terrestrial ecosystems on the hydrochemical 

regime of the phreatic aquifer is needed 
(Meenalochini and Annal, 2017). Specialist studies on 

plant and tree species are also needed to observe 
their behavior depending on the quantitative and 

qualitative characteristics of groundwater 

(Dumitrașcu et al., 2012; Strat, 2014; Metcheva et al, 
2016; Sensula et al., 2017; Sharma et al., 2020). 

Using all information, geological, hydrogeological, 
chemical, and ecological, a correct assessment of 

ecosystems with groundwater can be made. 
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The results of the study serve to complement the 

knowledge of groundwater and terrestrial ecosystems 

to protect these systems and to improve the 
management of groundwater resources and 

biodiversity conservation. 
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Abstract 

The COVID-19 pandemic has caused migrant workers worldwide 
to face numerous and specific challenges. This study aims to 
determine how the COVID-19 pandemic and its societal impact 
have influenced temporary and circular migrants from Serbia and 
North Macedonia. Semi-structured in-depth interviews were 
conducted with 50 participants to gain a deeper understanding of 
their challenges and migration practices. Temporary circular labour 
migration from Serbia and North Macedonia are most intensive 
towards EU countries, which are geographically close and well-
connected by traffic, and with which migrants have well-
established migration ties. The results show that after the 
outbreak of the pandemic, respondents faced termination of 
employment contracts, reduced working hours and earnings. Most 
of the respondents returned and only a few found formal 
employment in the country of origin. Job-related impacts of 
COVID-19 on respondents are determined by temporary 
residence, a form of employment and the employment sector. 
Temporary and circular migrant workers from Serbia and North 
Macedonia involved in the essential sectors in EU countries are 
less likely to be severely affected by the economic impact of the 
COVID-19 pandemic. The results suggest that temporary and 
circular migration schemes should be improved after the 
pandemic, in a way that is sustainable even in times of sudden 
changes. In that regard, in addition to considering the needs of 
the labour markets of countries of origin and destination, the 
needs and the rights of migrants, should be prioritized in common 
solutions. 

Keywords: labour migration, temporary migrants, circular 
migrants, COVID-19, Western Balkans 

Rezumat. Cum reorganizează COVID-19 migrația 
temporară și circulară a forței de muncă: 
perspectiva Serbiei și a Macedoniei de Nord 

Pandemia de Covid-19 a cauzat forței de muncă migrante din 
întreaga lume provocări numeroase și specifice. Acest studiu își 
propune să determine cum pandemia de Covid-19 și impactul ei 
social au influențat migranția temporară și circulară din Serbia și 
Macedonia de Nord. Au fost efectuate interviuri semi-structurate, 
detaliate, cu 50 de participanți, pentru a înțelege mai bine 
obiceiurile de migrație și problemele întâmpinate. Migrația 
circulară și temporară a forței de muncă din Serbia și Macedonia 
de Nord se producere preponderent către statele UE, state 
apropiate din punct de vedere geografic, cu care există conexiuni 
de transport, și cu care migranții au deja legături foarte bine 
stabilite. Rezultatele arată că după izbucnirea pandemiei, 
respondenții s-au confruntat cu încetarea contractelor de muncă, 
reducerea orelor de lucru și a veniturilor. Majoritatea 
respondenților s-au întors și doar câțiva și-au găsit de lucru oficial 
în țara de origine. Impactul Covid-19 asupra locurilor de muncă 
ale respondenților este determinat ținând cont de reședința 
temporară, tip de activitate, și sectorul de activitate. Pentru 
migranții temporari și circulari din Serbia și Macedonia de Nord 
care lucrau în sectoare esențiale din state UE, riscul de a fi afectați 
sever de impactul economic al pandemiei Covid-19 este mai mic. 
Rezultatele sugerează că schemele de migrație temporară și 
circulară ar trebui îmbunătățite după pandemie, astfel încât să 
devină sustenabile chiar și în perioadele cu schimbări bruște.  În 
acest sens, soluțiile comune ar trebui să pună țină cont de nevoile 
pieței forței de muncă din statele emitente și receptoare, precum 
și de nevoile și drepturile migranților. 

Cuvinte-cheie: migrația forței de muncă, migranți temporari, 
migrație circulară, COVID-19, Balcanii de Vest 

 

Introduction 

Nowadays, migration patterns are becoming 
more complex, they include diverse dynamics of 

temporary movements, while the conditions in which 

they take place are increasingly heterogeneous 
(Constant, 2020; Kahanec & Zimmerman, 2010; 

Hugo, 2009). Labour emigration is a long-term 
phenomenon in Western Balkan countries. North 

Macedonia with two other Western Balkan countries 

- Bosnia and Herzegovina and Albania, were among 
the top 20 countries of emigration worldwide in 

2019. Their emigration rates range from 25 to 35 
per cent (IOM, 2019). Temporary and circular 

migration from Serbia and North Macedonia was 

intense, especially in the late 1960s and early 1970s. 
They increased again in the early 2010s after EU 

visa liberalisation, and especially in the last few 

years (Arandarenko, 2020; Krasteva et al., 2018; 
Predojević-Despić & Penev, 2016; Janeska et al., 

2016). Both countries have experience in labour 
mobility and mediation of employment abroad since 

the transition period via posting workers abroad 

through bilateral agreements, establishing long-
lasting cooperation with particular receiving 

countries etc. More recently, private employment 
agencies are also intermediaries in foreign 

employment. However, the greatest part of 
temporary and circular migrants acquires jobs 

abroad through migration networks and personal 
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