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Abstract 

The present study attempts to develop a comprehensive 

perspective of the wind regime on the Romanian 

territory, focusing on the characteristics and tendencies 

encountered over the past 50 years, as well as on the 

NAO projection on it, using several data categories 

gathered from 167 meteorological stations. Based on the 

recorded multiannual averages and on the strong 

correlation (r = 0.87) established between altitude and 

wind speed in wind exposed areas, we created the map 

of mean (multi)annual wind speed. The highest aeolian 

potential corresponds to the Carpathians (7-10 m/s on 

the ridges and 3-7 m/s on the slopes and within valleys) 

and the Black Sea Shore (5-7 m/s); nevertheless, the two 

areas develop extreme values of the wind turbulence – 

maximum in the Carpathians and minimum in the 

coastal units. Tablelands in Moldova and Dobrogea, as 

well as the northern part of Bărăgan show ideal 

conditions for the development of aeolian parks 

(moderate and strong winds, low turbulences). On a 

country-size scale, the month with the highest mean wid 

speed is March, whereas August is the calmest one. For 

the first time, the map of resultant wind direction (DRV) 

was designed, expressing both the resultant wind 

orrientation and its intensity (high intensity = low 

directional variability). Concerning NAO, a negative 

correlation is observed between its indices and the wind 

speed (mean speed, frequency and intensity of the 

stromic events) at a multiannual and multidecadal scale. 

The correlation coefficients present high values in the 

extra-carpathian areas and small or moderate values in 

the intra-carpathian areas. The positive (negative) NAO 

associated with low (high) cyclogenesis over the 

Mediterranean area induce low (high) winds over the 

Romanian territory due to diminished (enhanced) 

frequency of cyclones reaching Romanian regions. 

Keywords: wind regime, North Atlantic influences, wind 

direction 

Rezumat. Regimul vânturilor din România – 
Caracteristici, tendinţe şi influenţele oscilaţiilor 
nord-atlantice 

Prezentul studiu încearcă să compună o perspectivă 

comprehensivă asupra regimului eolian de pe teritoriul 

României, insistând asupra caracteristicilor şi tendinţelor 

manifestate în ultimii 50 ani, precum şi a influenţei 

Oscilaţiei Nord-Atlantice, utilizând în acest scop diverse 

categorii de date adunate de la 167 staţii meteorologice. 

Pe baza mediilor multianuale înregistrate şi a corelaţiei 

puternice (r = 0.87) stabilite între altitudine şi viteza 

vântului din spaţiile interfluviale a fost compusă harta 

vitezelor medii anuale. Regiunile cu cel mai ridicat 

potenţial eolian sunt Carpaţii (7-10 m/s pe creste şi 3-7 

m/s pe versanţi şi văi) şi Litoralul Mării Negre (5-7 m/s); 

de altfel, cele două regiuni dezvoltă valori extreme ale 

turbulenţei eoliene – maxime în Carpaţi şi minime în 

unităţile litorale. Interfluviile din Podişul Moldovei şi 

Podişul Dobrogei precum şi Bărăganul Nordic prezintă 

condiţii ideale (vânturi medii şi puternice şi turbulenţe 

scăzute) pentru dezvoltarea parcurilor eoliene. La nivel 

naţional, luna cu cea mai mare viteză medie este martie, 

iar august luna cea mai calmă. În premieră, a fost 

concepută la scară naţională harta direcţiei rezultante a 

vântului (DRV), care exprimă atât orientarea rezultantă a 

vântului cât şi intensitatea acesteia (intensitate mare = 

variabilitate direcţională mică). În ceea ce priveşte 

influenţa NAO se remarcă o corelaţie negativă între 

indicii acesteia şi viteza vântului (viteza medie, frecvenţa 

şi intensitatea furtunilor) la nivel multianual şi 

multidecadal. Coeficienţii de corelaţie prezintă valori 

ridicate în regiunile extracarpatice şi valori mici sau 

medii în cele intracarpatice. Fazele pozitive/negative ale 

NAO, asociate cu intensitatea scăzută/ridicată a 

ciclogenezelor din zona mediteraneeană, induc viteze 

mari/reduse ale vântului în acord cu frecvenţa 

scăzută/ridicată a ciclonilor care traversează România. 

Cuvinte-cheie: regimul vântului, influenţa nord-

atlantică, direcţia vântului 
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Introduction 

North Atlantic Oscillation (NAO) is one of the 

most important modes of large scale variability in 

the Northern Hemisphere. It occurs especially 

during boreal winter (when the atmosphere is 

dynamically the most active), while the NAO 

summer signal is quite null. The phenomenon has 

been defined as an anomaly in the sea level air 

pressure (SLP) distribution with centers of action 

near the Icelandic low and the Azores (Van Loon 

and Rogers, 1978). Conventionally, the index of the 

NAO is based on the difference of the standardized 

sea level pressure (SLP) anomaly measured at 

Lisbon, Portugal and at Stykkisholmur, Iceland 

(Hurrell, 1995). 

Research studies revealed that changes in the 

mean air flow and storminess associated with 

swings in the NAO are reflected in large-amplitude 

patterns in the anomalies of temperatures, 

precipitation, heat fluxes and wind speed in the 

Atlantic-European region (Kushnir, 1994; Hurell, 

1995; Thompson and Wallace, 1998, 2000; Bojariu 

and Giorgi, 2005).  

When the NAO index is positive, enhanced 

westerly flow across the North Atlantic during 

winter moves relatively warm (and moist) 

maritime air over much of Europe, enhanced 

precipitation over northern Europe associated with 

less precipitation over central and southern Europe 

occurs (Hurrell, 1995; Hurrell and van Loon, 1997; 

Râmbu et al., 2002; Bojariu and Gimeno, 2003). A 

reverse situation occurs during the negative phase 

of the NAO. 

In Romania, positive thermal anomalies are 

associated with positive NAO phases due to the 

prevalence of zonal circulation over the Northern 

and Central Europe and negative thermal 

anomalies over Romania are associated with 

negative NAO phases. The winter precipitation 

pattern over Romania is indirectly related to the 

NAO (Bojariu and Paliu, 2001; Zaharia et al., 2002). 

The study of NAO projection on temperature 

and precipitation regime in Romania show that the 

winter NAO related signal is stronger in the extra-

Carpathian regions, due to the orographic effects 

imposed by the Carpathian Mountains on the 

atmospheric flow (Bojariu and Paliu, 2001). 

Previous works of the authors highlight the NAO 

control upon the climate and the morphodynamics 

of the Romanian Coast (Vespremeanu-Stroe et al., 

2007; Vespremeanu-Stroe and Tătui, 2011). 

All the papers which refer to the NAO show 

that this phenomenon influences all climatic 

parameters, but there are no references regarding a 

clear mark of the NAO signal upon the wind 

regime. The goal of this paper is to reveal the main 

characteristics and trends of the Romanian wind 

regime (especially wind speed) and to investigate 

the NAO projection on it. 

Data and Methods 

Data 

The primary data used in this study consist in 

monthly and annual means (115 meteorological 

stations) of wind speed, sums of winter storms (69 

stations) and annual means of wind direction (167 

stations). In addition, we used the Hurrell's NAO 

index (Hurrell, 1995). All wind and NAO data 

covered January 1961 – December 2003 interval. 

Methodology 

Data used for graphics were normalized 

extracting from each value the long-term mean and 

dividing it to standard deviation. The wind speed 

normalized anomalies were smoothed with a three-

year running mean filter to obtain a multi-annual 

component of the series. 

The linkage between NAO variability and 

Romanian wind regime is identified computing the 

correlation coefficients between NAO index and 

wind data and by mapping them. The spatial 

distribution of wind data and of the correlation 

coefficients was computed using ArcGIS 3.2, 

cokriging interpolation method and the wind speed 

– altitude linear regression (Fig. 1). For storm 

analysis, we selected wind speed values higher 

than 10 m/s and 15 m/s, for minimum 6 hour 

interval. Concerning the wind direction analysis, 

our interest limited to western circulation 

frequency expressed by West/East (W/E) ratio 

which was obtained by dividing the sum 

frequencies of western winds (from NNW to SSW) 

to eastern winds (NNE-SSE). 
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Fig. 1 The influence of altitude on the mean wind speed (wind-exposed areas) 

Results 

Mean wind speed and storm frequency 

The distribution of the mean wind speed over the 

Romanian territory revealed the influence of the 

Carpathian chain on the regional response to the 

large scale atmospheric circulation. The South-

Eastern Carpathians represent a roughness element 

for the atmospheric flow, acting as a complex barrier 

(Ion-Bordei, 1988).  

In order to quantify the effects of altitude upon 

wind speed, a correlation between altitude and 

mean wind speed was computed for 10 mountain 

meteorological stations placed in wind-exposed 

areas at altitudes higher than 1200 m (Fig. 1). The 

resulting correlation coefficient (0.85) indicates a 

strong linkage; the regression formula was further 

applied for all mean wind speed data used on the 

Romanian territory (Fig. 2). 

 

Fig. 2 The mean wind speed distribution over the Romanian territory
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As a consequence, the regions between the 

Carpathians branches (Ardeal) and the intra-

mountain and sub-mountain depressions present 

small annual wind speed values (1-2 m/s), moderate 

values (2-4 m/s) for the extra-Carpathians regions 

(Moldova, Muntenia, Oltenia, Dobrogea, Banat, 

Crişana) while the mountain wind-exposed areas 

have the highest values (5-9.3 m/s). Another region 

with relative high wind speed values (4.2-6.95 m/s) is 

the Romanian Black Sea coast due to the complex 

connections between the Atlantic storm track, the 

cyclogenesis activity over the Mediterranean area and 

the atmospheric circulation over Black Sea (Fig. 2). 

For the eolian energy, the most suitable locations 

have to record high speeds and low turbulences 

which are rare in Carpathians (especially restricted to 

wide plateaus: Mt. Mic, Godeanu, Semenic) but 

frequent in the coastal zone and on the exposed areas 

of the Moldavian and Dobrogea tablelands or in 

Bărăgan. 

In order to quantify the NAO projection on 

wind speed pattern over the Romanian territory, 

we computed the correlation coefficients between 

Hurrell’s NAO index and mean wind speed. For 

the Romanian territory, the positive wind speed 

anomalies are associated with negative NAO 

phases (Fig. 3A). The correlation coefficient (-0.52) 

is characteristic for the entire Romanian area in 

the context of a general decreasing trend from 

large territories to small regions (Fig. 3B, Fig. 4A). 

 

Fig. 3 Time evolution of mean wind speed and Hurrel’s NAO index (A) and correlation coefficients 

between NAOI and wind speed (B) over the Romanian territory 

The correlation pattern for wind speed anomalies 

(Fig. 4A) reveals a strong NAO related signal in extra-

Carpathian areas due to an enhanced (diminished) 

frequency of Mediterranean and arctic cyclones and 

westerly air flows reaching these regions during 

negative (positive) NAO phases. The barrier role of 

the Carpathians against these complex influences 

determines small correlation coefficients between 

NAO index and wind speed anomalies in intra-

mountain areas and even inverse values in some 

depressions. A strong NAO signal is found on the 

Romanian Black Sea coast due to the cyclogenesis 

activity over the Mediterranean Sea with complex 

influences upon Black Sea basin. Generally, the same 

pattern of correlation coefficients spatial distribution 

occurs for storm frequency and NAO index (Fig. 4B), 

with a better and more homogeneous distribution in 

the south-eastern part of Romania, which is an open 

territory for the Siberian Anticyclone activity (strong 

winter winds). 

Storm distribution during the last four decades of 

the 20th century show an important shifting at the 

end of the 70’s and the beginning of the 80’s, which 

is synchronous with NAO signal (Fig. 5). A 

prominent contrast between a very active interval 

(1961-1978) and a relatively quiet period with low 

variability (1979–2003) is noticeable. Temporal 

evolution of storm activity is in good agreement, but 

negatively correlated with Hurrell’s NAO index. 

 

Fig. 4 Time evolution of storm incidence and 

Hurrel’s NAO index 

Another issue of our study was to find the spatial 

distribution of the windiest interval (monthly) over 

the Romanian territory, for a multidecadal scale (Fig. 
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6). It is obvious that there exists a compact grouping 

of the areas with the same windy intervals 

controlled by the position of the Carpathians and the 

west-east distribution. In the Carpathians and along 

the Black Sea coast, the regular winter (December-

February) is the windiest period, while in the 

mountainous and sub-mountainous depressions and 

in the limitrophe regions of the Carpathians (e.g. the 

Subcarpathians), the windiest interval corresponds 

to the medium and late spring (April-May). The 

eastern part of Romania (Dobrogea, Moldavian 

Plateau, Bărăgan) is affected by strong winds at the 

end of winter (February-March). The central and the 

western parts record the highest wind speed at the 

beginning of the spring: March-April. 

 

Fig. 5 The NAO patterns of correlation coefficients for mean wind speed (A) and storm frequency (B) over 

the Romanian territory 
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Fig. 6 The windiest interval distribution over the Romanian territory

Regarding the mean monthly wind speed, 

January – April is the most active period over the 

entire Romanian territory, with the highest values of 

wind speed (3 – 3,3 m/s) and the maximum means in 

March, while August is the most calm month of the 

year. The greatest variability of wind regime is 

registered in November – March interval, with 

maximum in January and February (winter 

conditions) and minimum in May – September 

under summer conditions (Fig. 7). 

 

Fig. 7 The mean monthly wind speed in Romania 

(115 meteo stations). Gray columns represent 

the mean wind speed and the black 

overimposed small columns the standard 

deviation 

Resultant wind direction 

Based on the directional wind speed and 

frequency, we computed the direction and 

magnitude of the vectors representing the Resultant 

Wind Direction (RWD) for 167 meteorological 

stations spread over the Romanian territory (Fig. 8). 

The highest magnitudes of RWD (expressed in 

vector-units: vu) exceed the value of 200 vu and are 

representative for the meteorological stations placed 

on the alpine plateaus of the Romanian Carpathians. 

The general directional trend for these vectors is 

eastward, sometimes with a south-eastern 

component (especially for the Southern 

Carpathians). As expected, the meteo stations 

situated in the intra-mountainous areas (valleys, 

corridors, depressions) show a directional 

distribution of the RWD vectors in accordance with 

their general orientation.   

The directional distribution of the vectors shows 

some discrepancies between W/E and N/S ratios. 

Thus, 75% of the total vectors are oriented to the 

East (from 0 to 180 degrees) and only 25% to the 

West (from 180 to 360 degrees), while 69% are 

oriented to the South (from 90 to 270 degrees) and 

only 31% to the North (from 270 to 90 degrees). 
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Moreover, the strongest resultant directions (> 50 

vu) are recorded in the most cases (95%) on 

eastward and southward directions. Also, the 

average direction of the vectors is 141 degrees (SE). 

These results give a very good picture of the general 

airflows which pass over the Romanian territory and 

which are oriented to the east and south. A marked 

pattern is the directional grouping of the vectors for 

the meteo stations placed in the same region of the 

country. Thus, we separated the following 

situations: i) the vectors for the Eastern part of 

Romania which are oriented mainly to the SE (for 

Moldova) and S (for Dobrogea), according to the 

orographic effect of the Eastern Carpathians and the 

influence of the Black Sea; ii) the southern part of the 

country (Muntenia and Oltenia) is dominated by 

southward air flows over the Subcarpathians and 

Getic Plateau, due to the influence of the Southern 

Carpathians. The most part of the low areas (plain 

level) are affected by northeasterly winds, while the 

imprint of the Danube corridor gives a south-

eastward component, especially for the meteo 

stations situated on the Danube River; iii) the 

vectors from the central part of Romania 

(Transilvania) are south-eastern oriented as a result 

of the air flows from West which dominate this 

region; iv) the vectors from the western part of the 

country do not present a general direction trend, 

possible due to the complex air flows which pass 

this area from North, South and West. 

 

Fig. 8 The resultant wind direction over the Romanian territory 

The NAO and wind direction 

As NAO controls the mass circulation pattern 

over the Europe, we assessed the NAO role in 

western circulation strengthening or weakening 

over the Romanian territory. The temporal pattern 

of W/E wind frequency ratio during the last four 

decades indicates an intensification of western 

circulation in the last two decades (Fig. 9A). In this 

case a direct proportionality relation is established 

between the western circulation frequency and 

NAO.  Positive/negative anomalies of western 

circulation frequency over the Romanian territory 

are associated with positive/negative NAO phases 

(positive statistical dependency) with a good 

correlation coefficient (0.69) based on wind data 

from 122 meteorological stations (Fig. 9B). 
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Fig. 9 Time evolution of W/E wind frequency ratio and NAOI (A) and correlation coefficients between 

NAOI and western circulation (B) over the Romanian territory

The correlation pattern for W/E wind frequency 

indicates a strong positive dependent NAO signal in 

extra-Carpathian areas (especially in south and 

south-east). The arch configuration of the 

Carpathians standing against large scale circulation 

determines small correlation coefficients in the 

center and eastern part of Romania and very small 

correlation values in intra–mountain and sub-

mountain areas. 

Conclusion 

It is widely accepted that NAO controls the 

overall distribution of temperatures and 

precipitations in Europe (van Loon and Rogers, 

1978; Hurell and van Loon, 1997; Bojariu and Paliu, 

2001; Râmbu et al., 2002; Zaharia et al., 2002); our 

results indicate that the wind regime over the 

Romanian territory is also strongly related to NAO 

phases (Fig.4, Fig.5).  

Over the Romanian territory, the position of the 

Carpathians mountains induces a high variability 

for the spatial distribution of the eolian parameters 

characteristics and influences the local response to 

the NAO variability. Thus, the extra (intra-) 

Carpathian regions are characterized by high 

(medium to low) correlation coefficients between the 

NAO index and wind anomalies. 

The correlation coefficients point out that 

positive wind speed and storm occurrence 

anomalies are associated with negative NAO phases 

(negative statistical correlation), while positive W/E 

wind frequency variability is correlated with 

positive NAO phases (positive statistical 

dependency). 

The positive (negative) NAO associated with low 

(high) cyclogenesis over the Mediterranean area 

induce low (high) winds over the Romanian 

territory due to diminished (enhanced) frequency of 

cyclones reaching Romanian regions. 
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Abstract 

The main goal of our research was to study the 

composition, migration and accumulation of heavy 

metals in irrigated soils, plants and partially natural 

waters in Bolnisi district, Georgia (southwards of 

Tbilisi capital city), and to establish the possible 

sources of pollution and their impact on the 

environmental situation of the region. The contents 

of toxic elements in the irrigated soils adjacent to ore 

mining and processing enterprise were studied. All 

samples from soils and water were inspected with 

Perkin Elmer device with the use of atomic-

adsorptive method. 

There were identified different concentrations of 

heavy metals. Our research has shown that more 

than half of the territory is seriously polluted by 

copper and zinc. Some part of the area can be 

considered catastrophically polluted. Due to the 

technological process and practices, irrigations play 

a major role in polluting the soil, since the area is 

irrigated using the water from rivers where 

wastewaters from the enterprise are discharged. 

Our study shows that pollutant heavy metals, first of 

all copper, zinc and manganese have active negative 

effect on the properties of soil, its composition and 

soil-forming processes. It is especially well 

represented in the deterioration of hydro-physical 

potential of the soil. Balanced correlation among 

solid, liquid and gas phases is disrupted. In the 

highly polluted soils, cementing processes take place 

and sharply increase bulk density of the soil. Thus, 

the porosity of the soil deteriorates and water 

permeability is critically low. 

Keywords: Soil Ecology, Heavy Metals, Water 

Pollution, Soil Pollution, Mashavera River, Madneuli 

Multimetallic Mine. 

Rezumat. Poluarea solurilor cu metale grele în 
urma irigațiilor în regiunea minieră din Georgia 

Scopul principal al acestei cercetări l-a reprezentat 

studierea compoziției, migrării și acumulării 

metalelor grele în solurile irigate, plante și parțial 

ape naturale în districtul Bolnisi, Georgia (în sudul 

capitalei Tbilisi), precum și stabilirea posibilelor 

surse de poluare și impactul acestora asupra 

mediului regiunii. Lucrarea analizează conținutul 

elementelor toxice din solurile irigate adiacente 

exploatării miniere și fabricii de prelucrare. 

Toate mostrele de sol și apă au fost analizate cu 

ajutorul aparatului Perkin Elmer, folosind metoda 

atomo-adsorbtivă. Astfel au fost identificate 

concentrări difereite ale metalelor grele. Studiul 

nostru a arătat că peste jumătate din teritoriul 

analizat este serios poluat cu cupru și zinc. Unele 

areale din regiune pot fi considerate chiar poluate 

catastrofal. Irigațiile au un rol major în acest sens, 

întrucât aceste teritorii sunt irigate intens folosind 

apa râurilor în care se deversează apa folosită la 

întreprinderea minieră. Prin urmare, aceste ape 

ajung în sol prin intermediul irigațiilor. 

Studiul prezent demonstrează că metalele grele, în 

primul rând cupru, zinc și mangan, au efecte 

negative majore asupra tuturor proprietăților 

solului, compoziției acestuia și proceselor 

pedogenetice, fapt evidențiat foarte bine de 

deteriorarea potențialului hidro-fizic al solului. O 

corelație echilibrată între fazele solidă, lichidă și 

gazoază este întreruptă. În solurile puternic poluate, 

au loc procese de compactare care duc la o creștere 

rapidă a densității solului, cu o deteriorare critică a 

porozității și permeabilității stratului de sol. 

Cuvinte-cheie: ecologia solului, metale grele, poluarea 

apei, poluarea solului, râul Mashavera, Mina Madneuli 
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Introduction 

Soil is a very specific and complicated 

component of nature. In case of water and air 

pollution, if the toxic substances are removed, they 

will easily return to their original conditions. In case 

of soils, this process is much more complicated. If 

the soil is polluted the centuries old balance is upset 

and restoring that balance takes a very long time. 

As a result of human economic activities, the 

environment is polluted with industrial waste, 

wastewater, various radioactive substances, 

chemicals/ pesticides used in agriculture etc. One of 

the most considerable problems is the pollution of 

environment with heavy metals. Some metals are 

characterized by high toxicity and if a considerable 

amount of such metals penetrate a live organism it 

can have a strong impact on human health And even 

more, if we take into account the fact that the period 

needed for semi-disintegration of heavy metals can 

last from several decades to hundreds and thousands 

of years. Besides having adverse impact on human 

health, heavy metals also decrease the productivity of 

soil. Therefore, the research of the accumulation and 

migration of heavy metals in soils is currently a very 

important and relevant issue. The research results 

will strongly benefit environment protection and 

future generations’ health. 

The composition of (micro and macro) chemical 

elements in soils is conditioned by soil-formation 

processes, chemical make-up of rocks and concrete 

landscape conditions – relief, climate, water, 

vegetation and fauna – the factors that define the 

processes of opening, accumulation and migration 

of various substances. 

The first “blow” is taken by the upper (humus) 

layer of the soil, where the main part of root system 

is developed. That is where the micro and macro 

elements and other toxic substances intensively 

accumulate. Toxic substances that penetrate the soil 

through water, air, pesticides, mineral and organic 

fertilizers have a very negative impact on live 

organisms. 

The following economic activities can become the 

source of pollution: mining, energy generation, 

industry, transport, community facilities, animal 

husbandry, farming etc. 

The use of wastewater rich with heavy metals for 

irrigation purposes is especially alarming. It has a 

significant impact on the chemical composition of 

the soil and brings about disastrous results. 

However, according to some researchers (Alekseev, 

1987; Saet et al., 1982), the use of such water for 

irrigation is dangerous only when zinc, copper and 

nickel levels in such waters are high, as those 

elements are highly phyto-toxic. The ability of soils 

to resist the polluting elements is also diverse.  

The presence and distribution of some heavy 

metals in soils, plants and natural waters has been 

researched in order to determine the impact of the 

existing mines in the study area (Bolnisi district, 

Georgia) on the environment.  

With the enhancement of ore-dressing industry, 

the issues connected with pollution of environment 

with heavy metals are becoming more and more 

relevant. Almost identical geo-chemical processes 

are taking place in practically all copper-sulfide 

mining sites situated in the region.  

The accumulation of large quantities of heavy 

metals in waters and soils has an adverse impact on 

the region’s biosphere. We must view several aspects 

of that matter. First of all, we should note the direct 

impact of hazardous substances on vegetation. 

Besides, increasing levels of heavy metals in hydro-

system and soils can have a serious impact on the 

microflora of the soil; it can change their composition 

and have a negative influence on the self-recovering 

processes (A.Kabata-Pendias & H.Pendias, 1989).  

Soil is the most informative part of the landscape 

because it is formed as a result of the interaction of 

all the other elements of the landscape. Therefore, all 

those anthropogenic and natural processes that are 

taking place within the concrete ecosystem are 

reflected there (Blume, 2004; Felix-Henningsen et al., 

2007; Hanauer et al., 2010; Matchavariani, 2011). 

The regions, which are rich in chemical substances 

or poor for various reasons, are called geochemical 

provinces. Anthropogenic accumulation of heavy 

metals in the soils in biogeochemical provinces with 

increased presence of chemical elements as well as 

near the ore mines is conditioned by exogenous 

mines and emission of industrial wastes into the 

environment. The intensity of accumulation depends 

on the ability to absorb the metals by the soil. Heavy 

clay loam absorbs heavy metals more intensively than 

other types of soil.  

Rocks are the main source of microelements in 

the soil, the concentration of various microelements 

in rocks defining microelement composition of the 

soil. During the soil formation, process elements are 

distributed in layers, some of them are lost and 

some of them are accumulated; however, the main 
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characteristics received from rocks are always 

preserved. 

The soils covered by our research, developed on 

the weathered crust of volcanogenic and 

sedimentary rocks. Their chemical composition is 

defined by the chemical composition of rocks, soil-

formation processes and various anthropogenic 

factors connected with human economic activities. 

The main goal of our researches was to study the 

composition, migration and accumulation of heavy 

metals in soils, plants and partially natural waters in 

Bolnisi district; besides, we also aimed at 

establishing the possible sources of pollution and 

their impact on environmental situation.  

Similar works were not conducted in the study 

area before, but only survey researches of 

prospecting type. Basically, they focused on 

geochemical studies and revealing of ore deposits. 

Therefore, scientific publications in this sphere are 

very few. A wider and thorough research 

concerning the pollution of soils and water in the 

region was done for the first time by us. So, all the 

data from our research will be used as background 

materials for the further researches on this territory. 

At present, on the basis of our researches and with 

our participation, within the international projects, 

new studies are taking place for the same territory, 

using new international approaches. In particular, 

quality estimation of soil pollution is based on the 

European standards, according to the German 

Federal Soil Protection Ordinance (Sites exceeding the 

Precaution value – BBSchV, 1998; DIN EN ISO 14688 

– 1:2003-01, 2003; DIN ISO 10390 2005-12, 2005; DIN 

ISO 16072:2005-06, 2005). The thresholds of the EU 

food regulations (2006) are also considered.  

Interesting researches in this sphere have been 

carried out in Serbia. Various techniques have been 

used by authors for studying water quality 

degradation (Dragicevic et al., 2010). Some 

researchers (Grabicet et al., 2011) were testing a 

combined approach based upon leading European 

and United States concepts for the assessment and 

better management within the hydrosystem. 

Statistical analysis of water quality parameters has 

been made by some authors (Pantelici et al., 2012). 

Study area 

Our research covered Bolnisi district (Fig. 1) – 

part of the Lesser Caucasus mountains’ metallogenic 

province. It is one of the most important mining 

areas of Georgia. The main part of the territory is 

occupied by orchards and vineyards, partly by crops 

(arable land). The presence and distribution of some 

heavy metals in soils, plants and natural waters has 

been researched in order to determine the impact of 

the existing mines in that area on the environment.  

Madneuli multimetallic mining combine situated 

80 kilometers south of Tbilisi capital city (Fig.1), is 

divided into several sectors. The area is 

mountainous (middle and high mountains), 

altitudes ranging between 500 and 1,300 meters. Its 

genesis is hydrothermal (group of hydrothermal 

deposits). 

Highly acid waters containing sulphuric acid, the 

pH of which may be less than 1, moving 40 meters 

deep underground, contain large amounts of 

copper, iron and zinc sulphates. Usually they have 

no exits to the surface. As a result of their impact on 

sulphides, secondary sulphides are formed. 

Hydrogen sulphide is emitted. These processes bear 

great significance as the formation of secondary 

beneficiated ores is connected with the above-

mentioned processes. Pit-run waters contain high 

amounts of copper, iron and zinc, that process is 

conditioned by sulphuric acid formed as a result of 

the oxidation of sulphide minerals; the minerals 

bring out sulphuric acid through water in the form 

of soluble sulphates. 

Currently the mine is open and the ore is mined 

in the quarry. Waters rich in sulphuric acid are 

flowing straight into the river from the quarry. 

Wastewater from ore-dressing and processing 

enterprise is added to them and it first goes to the 

Kazretula River and then to the Mashavera River; 

subsequently, these waters get into the ground and 

soil through Mashavera irrigation system (Fig. 2).  

In addition, the waste products of the enterprise 

– broods - are stored in the special storage facilities 

(tanks) wastewaters are flowing through treatment 

devices into the Kazretula River. The water coming 

from those tanks and the wastewater from the 

enterprise are potentially dangerous for the environ-

ment, because those waters are strong sulphuric acid 

solutions rich in heavy metals. As a result, both 

hydro-systems and soils are polluted. At the same 

time the river system becomes the main source of 

pollution for the district. Besides rivers, the 

pollution is spread by winds: dust created as a result 

of explosions in the quarry is carried for many 

kilometers by winds. Eventually the hazardous 

substances are accumulated in the soils and river 

sediments. 
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The researched area is situated within 17-23 

kilometers of the main site of pollution (Madneuli 

enterprise’s quarry). Itlies 18-41 kilometers along the 

irrigation system (Fig. 2). Bolnisi district’s agricultural 

lands are distributed within the Mashavera and the 

Poladauri Rivers valleys. Brown soils under fields and 

forests are situated there. According to the WRB (World 

Reference Base, 2006) and Soil Map of Georgia (1999), 

there are Cinnamonic-Eutric Cambisols, Calcic 

Kastanozems, and Cinnamonic Kalcareous-Calcaric 

Cambisols. They have a deep genetic profile, 

differentiated morphogenetic structure, heavy clay loam 

and light clay granulometric composition, medium and 

high amounts of humus. Nitrogen and phosphorus are 

not represented in large quantities, but soil is rich in 

absorbed bases. The soil reaction is alkaline (pH = 8-9). 

 

Fig. 1 Physical map of Georgia with location of study area 

 

Fig. 2 Location of sampling soils

Method 

There are various methods of land reclamation of 

the polluted soils: mechanical, physical-mechanical, 

chemical etc. The use and effectiveness of each land 

reclamation method depends on the climatic, bio-

climatic, geo-ecological and soil-edaphon 

(granulometric composition and structure of the soil, 
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humus concentration, absorption volumes, 

oxidation-restoration potential, pH etc.) factors. 

The field study is based on three parameters: the 

first is the agricultural land plot from which soil 

samples must be taken in order to define the level of 

heavy metal pollution; second, the amount of soil 

samples, which is necessary for having a 

representative, mixed soil sample; third, the 

selection of the essential agricultural land plot. 

Essential agricultural land plot is the smallest 

geomorphological unit, which accurately reflects the 

soil’s genesis, characteristics, soil-formation rocks, 

relief, vegetation, hydrologic conditions of the site.  

Soil samples were taken from ploughed fields, 

vineyards, orchards, as well as crofts of some 

villagers. We used the average sampling method: we 

took 10 samples from an approximately 10 hectare 

land plot with the use of a field drill, after mixing 

those samples together we received one mixed 

sample. We also took samples from the vertical 

profile of the soil. All samples from soils and water 

were inspected with Perkin Elmer device with the 

use of atomic-adsorptive method (Zeien, 1995). For 

the definition of mobile forms of heavy metals in 

soils, the known method of the buffer acetate 

ammonium (САН ПИН 42-128-4433-87) has been 

used. In addition, in order to define the total forms, 

all samples from soils and water were inspected 

with the use of ISO 11047, ISO 11466 standard.  

The concentration of acceptable maximum levels 

of heavy metals in agricultural lands is defined 

taking into consideration the following factors: 

initial levels of microelements in soils; dynamics of 

increasing levels of concentration of heavy metals as 

a result of anthropogenic factors; general 

accumulation of heavy metals in soils; adequate 

evaluation of toxic impact of heavy metals on plants; 

maximum levels of concentration of microelements 

in soil; mutual antagonism and synergy of heavy 

metals and quantitative and qualitative evaluation 

of those factors; physical, chemical, physical-

chemical and agro-physical characteristics of the soil 

(carbon levels, humus levels, granulometric 

composition, moisture, moisture balance, aeration, 

filtration capacity etc.); balance of penetration and 

extraction of heavy metals in the soil; plants’ 

tolerance towards heavy metals. 

The criteria of soil pollution are made basically 

according to Saet et al., 1982. Various criteria and 

norms have been adopted for evaluating soil 

pollution levels Clarke Concentration Coefficient is 

one of the notable examples of such norms/criteria, 

the coefficient is calculated with the use of the 

following formula: Kk=Cf/K; where Kk is Clarke 

Concentration Coefficient; Cf – is actual concentration 

of chemical elements in the soil; K – is the clarke of a 

chemical element. That criterion shows how high or 

low is the concentration of a concrete chemical 

element in comparison with that of Clarke’s.  

The geo-ecologic condition of the soil is also 

evaluated using the Pollution Concentration 

Coefficient, which is calculated with the use of the 

following formula: Hc = Cf/level; where Hc – is 

pollution concentration coefficient; Cf – is actual 

concentration of a chemical element, f – is local or 

general established levels of a concrete chemical 

element, which indicates how the concentration  

increased in comparison with the general levels 

(Saet et al., 1982). 

The pollution probability concentration 

coefficient is also used for evaluating the levels of 

soil pollution. The formula used in that case is C = 

Cf/maximum permissible level, where C – is the 

coefficient of pollution probability concentration; Cf 

– is the actual concentration of a chemical element. 

These indicators show how high is the actual 

concentration of a chemical element in comparison 

with the maximum permissible levels of 

concentration of that element; the higher that 

coefficient is in comparison with 1, the higher is the 

probability of soil pollution and negative impact of 

chemical elements on live organisms. 

We took into consideration the correlation 

between the various elements of the soil and their 

joint impact on the soil in order to establish/evaluate 

the maximum levels of concentration of 

microelements in the soil. 

Soils are grouped according to the total actual 

concentrations of toxic chemical elements-pollutants, 

this grouping is based on the methodology elaborated 

by A. Vinogradov (1957); according to that 

methodology, the first group is general level + 1 

Clarke; the second group is general level + 2 Clarke 

etc.  When soils are grouped this way, the level of 

pollution of soils is classified according to the 

following classification: slightly polluted; moderately 

polluted; medium pollution (or averagely polluted); 

higher than medium pollution, strong pollution (or 

high pollution), very strong pollution (or extreme 

pollution/extremely polluted). 

Territories adjacent to strong pollution sites such 

as non-ferrous metal processing plants, ore-dressing 
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and processing enterprises etc. are extremely 

polluted and sometimes their level of pollution 

exceeds 10 Clarkes. 

The pollution levels can be used as approximate 

indicators of adverse impact of the chemical 

elements on environment. For example: at the first 

and second (group) level pollution, the soil biota is 

strongly deteriorated, biochemical processes are 

suppressed. At the third and fourth (group) level of 

pollution, agrochemical characteristics of the soils 

are worsened, vital functions of plants are disrupted 

and their chemical composition is violated. At the 

fifth and sixth (group) level of pollution, plants 

become sick and they die; plant and animal products 

are not fit for use due to sanitary-hygienic 

considerations. The chemical composition of the 

upper layer of the soil changes and all agrochemical 

characteristics quickly deteriorate. 

Discussion 

According to our data, total amounts of copper, 

zinc, cadmium and sulphate-ion in the Kazretula 

River, which is flowing under the above-mentioned 

tanks, exceed several times the maximum 

permissible levels established for surface waters. 

The Kazretula River is rife with ore elements.  Due 

to the very low pH of the water, these metals are 

mainly present in the soluble form and they can 

travel long distances. After the Kazretula River 

flows into the Mashavera River, its water is diluted 

10 times. The pH of irrigational water fluctuates 

from 3 (at the spring of the Kazretula River) to 5 (in 

the Mashavera River, depending on distance of 

inflow Kazretula). At the same time, pH and 

turbidity of the water increase. Consequenlty, the 

metals start to float in the water and continue to 

migrate in that form. Despite this, the levels of 

sulphate-ion in the water remain quite high. 

The copper levels in the soils inspected by us are 

very high. Minimal levels are found in 17.9 per cent 

of the total number of samples, 200 mg/kg and more 

is found in 18.3 per cent of the samples (Table 1, 2). 

Figure 3 shows the levels of concrete elements 

according to each land plot. The number of taken 

samples (n) is also indicated. For n-quantities, there 

are given the average values. 

The soils in Bolnisi district are diverse both in their 

genesis and soil-formation patterns. The character 

and intensity of agricultural activities result in 

dramatic differences in the amounts of various 

elements. High quantities of heavy metals (more than 

200 mg/kg) are found in the soils of several villages. 

Table 1 Levels of heavy metals found in soils of 

arable land, mg/kg 

Place of 

sampling and 

quantity 

of samples, n 

Cu Zn Mn Pb 

Ratevani, n=12 60-3625 75-2250 625-1000 19-36 

Abdalo, n=5 40-88 100-625 1125-1375 20-35 

Kazreti, n=10 35-200 85-100 750-1000 15-25 

Khatisopeli, n=4 60-100 110-212 1000-1250 14-19 

Balitchi, n=8 55-85 90-120 750-1125 25-25 

Savaneti, n=4 40-115 105-135 875-1000 14-17 

Kveshi, n=7 42-125 100-120 1000-1250 15-20 

Table 2 Levels of heavy metals found in soils of 

vineyard, mg/kg 

Place of 

sampling and 

quantity 

of samples, n 

Cu Zn Mn Pb 

Ratevani ,n=20 255-3125 165-2125 750-1625 22-41 

Pakhralo, n=3 130-625 150-255 1000-1375 22-31 

Kianreti, n=2 290-305 100-110 875-1125 32-35 

Bolnisi, n=5 100-170 115-175 750-1375 17-22 

 

These areas are mainly situated on the banks of 

the Mashavera River. It should be noted that 

sections that have especially high levels of metals 

are often situated between the river basin and the 

railway. Naturally, copper levels in vineyard soils 

are much higher than metal levels in the ploughed 

fields. Copper levels are also high in the orchard 

soils. The main part of the inspected land plots (150 

hectares) is situated on the right coast of the 

Mashavera River. Most of the territory is occupied 

by vineyards and orchards; more than half of the 

territory is occupied by wheat crops andis quite 

seriously polluted by copper and zinc; most of the 

area has 200-700 mg/kg copper and zinc 

concentration and about 8-9 per cent of the area can 

be considered catastrophically polluted. This area is 

intensively irrigated with the Mashavera River 

water. We can actually say that we are dealing with 

a clear case of anthropogenic impact, which means 

the impact of the irrigation system using water 

polluted by the ore-dressing and processing 

enterprise. In other areas of the district where 

copper and zinc concentrations (500 mg/kg) have 

been detected, the pollution is fragmented. 

Lead levels in wastewater and pit-run waters are 

minimal due to the low dissolubility of its sulphates. 

Anthropogenic lead gets in the environment mainly 
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from vehicles. The maximum levels of lead in the 

soil were found in the Kianeti village’s fields: 

average amount of lead in vineyards is 33.75 mg/kg, 

in ploughed fields – 24.33 mg/kg. If we take into 

consideration the fact that levels of copper and zinc 

in those land plots are minimal, we should assume 

that lead is coming from vehicles only. The 

maximum concentration of copper was 875.0 mg/kg. 

High levels of zinc in the same area have also been 

detected (500-1,600 mg/kg). 

 

Fig. 3 Average levels of heavy metals in the surface layer of the soil, 0-20 cm (n – number of samples) 

Arable land (n=12): Cu – 597 mg/kg; Zn – 501 mg/kg; Mn – 979 mg/kg; Pb – 25 mg/kg; 

Vineyeard (n=20): Cu – 682 mg/kg; Zn – 480 mg/kg; Mn – 1150 mg/kg; Pb – 30 mg/kg; 

Orchards (n=12): Cu – 349 mg/kg; Zn – 250 mg/kg; Mn – 781 mg/kg; Pb – 29 mg/kg 

 

Thus, we can conclude that these territories are 

under clear anthropogenic influence, which is 

intensified even more by several other factors.  

We should especially point out manganese. It is a 

well-known fact that manganese plays a special 

physiological role and that it is also very important 

as far as geochemical processes are concerned in the 

soil, plants and waters. Maximum levels of 

manganese are 1,125-1,375 mg/kg. Pollution 

Concentration Coefficients are 5.6-6.8. The minimal 

concentration of manganese is 875 mg/kg. 

Manganese is an element of foundation rocks and is 

accumulated in those rocks. It is especially prevalent 

in clay and smallest quantities of manganese are 

present in sandy soils. Within the inspected areas 

the maximum levels of manganese were found in 

basalt rocks’ crusts, its minimal levels were found in 

alluvial soils where sand prevails (Fig. 3). 

According to I. Vazhenin’s classification (Definition 

Methods..., 1987), 70 hectares of land (61.3% of all 

inspected lands) is slightly and moderately polluted 

with copper; pollution of 17.3% of soils (30 hectares) is 

more than average; and 21.2% (24 hectares) of land is 

either highly or extremely polluted. 

As far as zinc concentration is concerned, the 

soils are mainly slightly or moderately polluted 

(about 70 hectares), which is about 61.3% of the 

inspected lands. Pollution of 20 hectares of land 

(18.4% of the inspected lands) is more than average; 

24 hectares of land (21.2% of all inspected lands) is 

either highly or extremely polluted. 81.5% (93.0 

hectares) of inspected soils have a medium or higher 

than medium manganese pollution levels, 18.4% 

(21.0 hectares) of inspected soils have a strong 

manganese pollution level. 

As far as total indicators of concentration 

coefficient are concerned, only 19 hectares of soils’ 

upper layers (0-20 cm) have small pollution levels; 

91.0 hectares of the lands are strongly polluted. 

Chemical elements are represented in the 

following diminishing order: Mn > Zn > Cu in slightly 

polluted soils (pollution concentration coefficient 

(Hc). In averagely polluted soils’ upper layers (0-20 

cm) under minimal values of total quantities of 

pollution concentration (according to values of 

concentration coefficients) chemical elements are 

represented in the following diminishing order: Mn > 

Zn > Cu, the same diminishing order for Zn (n-1) is 

completely changed when applying maximum 

values: Cu>Zn>Mn. 

In highly polluted soils under minimal and 

maximum values of Zn (n-1) (according to 

concentration coefficients), chemical elements show 

different orders. In the first case (minimal values) they 

show the following order: Cu > Mn > Zn, but under 

maximum total values of pollution concentration 

coefficients that order is changed: Cu > Zn > Mn.  

During the last few years the soil characteristics 

have sharply deteriorated. In some places the 

ground is covered with whitish/greenish waterproof 

coats. Porosity of the soil as well as its productivity 

is diminished. In our opinion, in this case we are 

dealing with gypsumming. As we found out, 

limestone is added to the wastewater of the 
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Madneuli enterprise in order to neutralize acid, after 

that this wastewater is flowing through the sewer. In 

that case gypsum is formed, which is flowing into 

the river and then this water is used for irrigation of 

agricultural land plots. With the course of time, 

gypsum is collected on the ground surface and it 

coats the soil, which worsens aeration and filtration 

capabilities of the soil, which subsequently causes 

sharp decrease in its productivity. 

Characteristics of averagely polluted soils in the 

inspected areas according to total values of pollution 

concentration coefficient: Soil is heavy clay loam, the 

solid-phase density of the soil (specific weight d) in 

the cross-section is unnaturally differentiated, it is 

higher in the ploughed layer (3.53 g/cm), and lower 

as we go deeper (2.49-2.33 g/cm). Optimal bulk 

density (dv) of soils, which is 0.90 cm in the 

ploughed layers, is naturally increased up to 1.18 

g/cm. According to the analyzed data, the soil is not 

consolidated in the lower layers of the ploughed 

field, which is a very positive factor as it conditions 

positive indicators of the rest of the parameters. 

General porosity of the soils in ploughed field and 

below is very good and the whole cross-section of 

the soil shows that the conditions for plants are 

satisfactory (45.3%-64.4%). In that case favorable 

aeration conditions for plants are created in the soil, 

favorable hydrologic characteristics are formed and 

thick and capillary pores are able to keep lots of 

moisture. This is evidenced by large quantities of 

productive moisture and high levels of maximum 

moisture volumes in the fields. The amounts of 

productive moisture and levels of maximum 

moisture volumes in the soils are 30.50-51.00% and 

19.3-32.7%, which is considered to be the best values 

for irrigated soils. Fig. 4 shows the average content 

of heavy metals in soils vertical profile. 

 

Fig. 4 Average levels of heavy metals in soil 

profile, mg/kg 

Due to low bulk density (dv) and high general 

porosity (P) the soils have a good filtration 

capability, water travels 1.5 meter during the 

twenty-four hour period.  

Soils grouped under medium pollution category 

(soils polluted with Zn(n-1) have satisfactory hydro-

physical characteristics. The specific weight of the soil 

(d) is normal (2.51-2.60 g/cm), and is naturally 

distributed in the cross-section of the soil. The volume 

weight (dv) in the cross-section is not high (from 1.18 

g/cm to 1.28 g/cm), which is quite acceptable. The 

levels of maximum moisture volumes in the soil are 

average. That important hydro-physical component 

in the ploughed part of the soil is about 3.5%-20%. 

The range of productive layer is relatively lower 

(16.9%-25%). As far as filtration ability is concerned, 

water travels 0.93 meters during the twenty-four hour 

period, which is not a bad result. 

As far as highly polluted soils and their hydro-

physical characteristics are concerned, the whole cross-

section of the soil indicates that there are no favorable 

conditions for normal development of plants. 

According to granulometric analysis results, the soil is 

a light clay loam, which indicates the presence of 

heavy metals in it. The specific weight of the soil along 

the whole cross-section is not optimal (from 2.32 g/cm 

to 2.47 g/cm). Volume weight of the soil starting from 

the upper layer of the ploughed soil is pretty high (1.20 

g/cm in the ploughed portion up to 1.35 g/cm in the 

lower portions). That indicates that the soil is 

significantly solidified, which creates unfavorable 

hydro-physical conditions for plants. The levels of 

maximum moisture volumes are not acceptable 

(19.0%-82.6%). And the amount of productive moisture 

in the soil is very low (6.0%-20.6%).  

Vegetation is a defining factor of geo-chemical 

processes taking place in the soil. Plants have 

selective absorption ability. They are able to receive 

various chemical elements from the soil 

disproportionately from their composition; in other 

words, they are able to select the chemical elements 

which are necessary for their growth. In numbers 

that phenomenon is reflected in the biological 

coefficient of absorption. Fig. 5 shows the level of 

heavy metals in different plants (corn, pumpkin, 

grapes). Productive moisture is the most important 

component of the moisture categories existing in the 

soil. Productive moisture assists the plant to absorb 

the dissolved substances. Its deficit is acutely felt by 

crops, which results in deterioration of plants, 

decreased yields and in many cases death of the 

plants. 
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Fig. 5 Levels of heavy metals in plant 

Grapes: Cu – 597 mg/kg; Zn – 501 mg/kg; Mn – 979 mg/kg; Pb – 25 mg/kg; 

Pupkin: Cu – 682 mg/kg; Zn – 480 mg/kg; Mn – 1150 mg/kg; Pb – 30 mg/kg; 

Orchards: Cu – 349 mg/kg; Zn – 250 mg/kg; Mn – 781 mg/kg; Pb – 29 mg/kg 

 

Conclusion 

Unfavourable parameters of important agro-

physical characteristics in the soil result in sharp 

decrease in the filtration ability of the soil. In such 

soils water travels only 0.46 meters during the 

twenty-four hour period, which creates 

unfavourable conditions for the plants. 

Our research allows us to conclude that pollutant 

heavy metals – copper, zinc and manganese – have 

an especially active negative impact on the soil 

characteristics, its composition and soil-formation 

processes, which causes the deterioration of hydro-

physical potential of the soil. Balanced correlation 

between solid, liquid and air phases in the soil is 

violated. The characteristics and quantities of the 

soil components are changing dramatically; soil is 

degrading, the vital functions of agricultural crops 

are disrupted and bio-productivity is falling. The 

summation of the agro-physical parameters of 

slightly, averagely and highly polluted soils 

provides a clear evidence of that.   

One of the important anthropogenic factors 

causing soil degradation is the irrigation of 

agricultural land plots with water polluted with 

heavy metals, which results in changed pH. When 

those heavy metals get into soil, they are absorbed 

by clay minerals, the carbonate system of the soil is a 

barrier for them; that is how surface accumulation of 

metals can be explained.  

Among the important factors that increase the 

concentration of heavy metals in the soil we must 

also mention the agricultural activities – in 

particular, increased concentration of copper in 

vineyards and orchards as a result of use of various 

copper-based chemical pesticides there. Their 

movement in the lower portions of the soils is 

conditioned by the soil pH, volumes of precipitation, 

relief and other concrete circumstances. 

The agro-physical characteristics of the soil are 

directly connected with the pollution of soil with 

heavy metals. The cementing processes are taking 

place in the highly polluted soils, which sharply 

increases bulk density of the soil, the porosity of the 

soil deteriorates and water permeability is critically 

low.  

Use and effectiveness of mechanical, physical-

mechanical, chemical methods of land reclamation 

depends on the climatic, bio-climatic, geoecological 

and soil-edaphon (granulometric composition and 

structure, humus concentration, absorption 

volumes, oxidation-restoration potential, pH etc.) 

factors. 
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Abstract 

In the article possibilities of forest designing 

established on the basis of results of analyses of legal 

documents (acts and regulations) being in effect in 

Poland concerning spatial planning, nature 

conservation and forestry were presented. Achieved 

results allow to state, that issues concerning landscape 

approach are becoming more and more important in 

the realization of principles of the forest management 

led in Poland. In forests, amongst action associated 

with the necessity of the landscape protection, 

management and planning a need of reconstruction of 

tree stands, keeping all open areas in a natural or 

near-natural extent, limiting the area of total fellings, 

increasing the species diversity of ecotones are 

named. And so the possibilities of landscape design 

concern mainly culture and management aspects. 

Simultaneously a lack of many significant references 

to the scope of applied solutions in the area of forestry 

engineering was observed. 

Keywords: landscape, forest landscape, forest design, 

forestry 

Rezumat. Aspecte formale și legale privind 
peisajul forestier din Polonia 

Articolul prezintă posibilitățile privind amenajarea 

forestieră stabilite în urma analizării documentelor 

legislative (acte și regulamente) valabile în Polonia 

cu privire la organizarea spațiului, conservarea 

naturii și a pădurii. Rezultatele obținute indică faptul 

că aspectele legate de abordarea peisagistică capătă o 

importanță tot mai mare în atingerea obiectivelor 

privind managementul pădurilor în Polonia. În 

păduri, pe lângă acţiunea asociată protecţiei 

peisajului, managementul şi planificarea 

reconstrucţiei suprafeţelor împădurite, păstrând 

toate zonele deschise într-o stare naturală sau 

aproape naturală, limitâns suprafaţa copacilor 

căzuţi, crescând diversitatea ecotonurilor. Astfel 

posibilităţile de proiectare a peisajului se ocupă în 

special de aspecte culturale şi de management. În 

acelaşi timp s-a observat o lipsă a referinţelor faţă de 

scopul soluţiilor aplicate în silvicultură. 

Cuvinte-cheie: peisaj, peisaj forestier, proiectare 

forestieră, silvicultură 

 

Introduction 

Searching for a new system of values, new 

attitudes of the man towards the natural 

environment and surrounding reality, in the last 

decades of the 20th century had an influence on the 

change of attitude towards the principles of the 

landscape resource management in the countries of 

the European Union. These principles were 

presented in numerous documents, such as 

European Spatial Development Perspective (ESDP) 

(1999) and the EU Strategy for Sustainable 

Development (6 June 2006), the Charter of European 

Regional/Spatial Planning, which was adopted in 

1983 in Torremolinos (hence called the Charter of 

Torremolinos), in the Council Resolution of 12 

February 2001 on architectural quality in urban and 

rural environment (2001/C73/04), Territorial Agenda 

of the European Union (2006), Lisbon Declaration 

(2006), Leipzig Charter (24 V, 2007), as well as in the 

European Landscape Convention (2000), which may 

currently be recognized as the most important 

document influencing the space policy of the 

members of the EU. 

The analysis of records of these documents 

allows to state that universally adopted guideline in 

all actions for spatial design is a concept of balanced 

development. In these documents a necessity of the 

holistic, systemic approach to the landscape design 

is emphasized. In planning the landscape of EU 

states, natural environment is analyzed including 

social-cultural elements, which altogether contribute 

to the multifunctionality of the space (Androp 2006). 

This fundamental change of the view on the 

landscape founds expression in the definition of the 
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landscape presented in the European Landscape 

Convention (OJ No 14, pos. 98 of 29 January 2006), 

according to which landscape is an area perceived 

by people, whose character is the result of the action 

and interaction of natural and / or human factors. 

Forest landscape is one of the landscape varieties. 

Its most important components in the category of 

the physical space are: relief, tree stands, no forest 

enclaves (meadows, blanks, surface water bodies), 

the arrangement of roads and communications 

trails, the building development, of objects of small 

architecture. In the forest landscape, similarly to 

other types of landscape, it is possible to distinguish 

both exceptional objects and places due to their 

natural qualities (legally protected areas), historical 

values (places of old historical events, tracks of 

former spatial arrangements), scenic values (viewing 

sequences, panoramas).  

The physiognomy of forest is largely the result of 

human activities. Mid-forest settlements (forest 

settlement landscape), recreation infrastructure 

(forest recreation landscape), after-exploitation 

excavations (forest landscape after exploitation), etc., 

indicate a certain direction of research in the studies 

of forest landscape systematics, which is important 

due to the fact that the possibilities of shaping 

landscape are closely related to its character and 

functions. 

Purpose and scope of study 

 Forest design, like any other form of human 

activity, must be based on generally accepted, 

widely applicable provisions of law. Landscape, in 

accordance with the above definition, is a complex 

system, and therefore the determination of the 

possibilities of its shaping involves the need to 

analyze the legal documents relating to both the 

natural and cultural environment.  

Appropriate landscape design, including forest 

design should be prospective in nature and must 

take into account the provisions arising from the 

documents of a strategic, planning character.  

The aim of the article is an attempt to answer the 

question whether the legal measures included in 

legal documents being in force in Poland (acts and 

regulations) concerning spatial planning, 

conservation of nature, environment and the 

recommendation for the led forest management are 

sufficient for ensuring the effective protection of 

scenic qualities, for managing and planning the 

landscape, or if suggesting other solutions in this 

respect is essential. 

Methods and Materials 

The primary sources of information on formal 

and legal conditions of landscape design, including 

forest landscape in Poland were: the database 

mentioned above (http://www.mrr.gov.pl) and the 

Internet System of Legal Acts, run by the Office of 

the Seym of the Republic of Poland 

(http://isap.sejm.gov.pl). 

Amongst documents gathered in the MRR 

database, the ones which concern the space policy, 

the policy of development and initiatives and the 

international cooperation were analyzed. Amongst 

long-term strategic documents being in effect 

references to the landscape design appear only in 

the Concept of policy of spatial development of the 

country and the State environmental policy. 

Next, the analysis of resources of the Internet 

base of legal documents (http://isap.sejm.gov.pl) led 

with the key words such as environmental 

protection, the conservation of nature, spatial 

planning, allowed to state that in Poland legal bases 

of the landscape design are included in various 

documents, such as: Act from March 27, 2003r. on 

spatial planning and development (OJ of 2003, No. 

80, pos. 717) with amendments, Act on the 

conservation and care of monument from July 23, 

2003 (OJ of 2003 No. of 162 pos. 1568) with 

amendments, Act environmental protection laws 

from April 27, 2001, (OJ of2008, No. 25, pos. 150), 

Nature Conservation Act from April 16, 2004 (OJ of 

2004 No. of 92 pos. 880), Regulation of the Minister 

of Environment from May 12, 2005 on organizing 

the project of protection plan for the national park, a 

nature reserve and the landscape park, making 

amendments to this plan and the protection of 

resources, formations and elements of the nature (OJ 

No. 94 poz 794), Act from October 3, 2008 on giving 

access to information about the environment and its 

protection, participation of the society in the 

environmental protection and about evaluations of 

the influence on the environment (OJ of 2008, No. 

199, pos. 1227).  

The main data source about the formal-legal 

conditionings of forest design was an information 

portal by the Lasy Państwowe National Forest 

Holding (PGL LP) (http://www.lasy.gov.pl). There 

were analyzed orders and decisions of the General 
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Director from the last ten years, as well as sets of 

Guidelines for the improvement of forest 

management based on ecological grounds (1999) 

such as: Principles of silviculture (2011), Instruction 

of forest management (2012), Instruction of forest 

protection (2011). 

Results 

Meaning and directions of the landscape 

designs in formal-legal documents being in force 

in Poland 

Based on the analysis of long-term strategic 

documents in force in Poland, it can be stated that 

appropriate landscape design, including forest 

landscape, is one of the priorities of the space policy 

of our state.  

It has been noted in the Conception of spatial 

development policy of the country (KPPZK) that 

“the established policy of protection and 

ecologically conditioned shaping of natural space is 

essential to ensure a high quality of landscape”. 

However, conducive to achieving the high quality of 

the landscape are also shaping the space based on 

the analysis of social-cultural conditionings, 

promoting solutions being in accordance with the 

spirit of the place, historical and regional tradition, 

which the authors of the document seem to forget.  

The analysis of the provisions of the Conception 

shows that areas with the highest recreational and 

landscape values make the development of the 

tourism economy more dynamic, helping the 

multifunctional development of rural areas. 

Moreover, landscape contributes to strengthening 

the territorial identity. 

The Conception states that the escalating natural 

processes that change the natural structure of the 

agricultural production area (e.g. land 

consolidation), as well as further dispersion of rural 

buildings, etc. have a negative impact on landscape, 

reducing its diversity. 

Amongst threats to landscape functioning, 

however, there have not been named intensification 

of the forest production and heightened tourist 

pressure on the forest environment, even though 

both factors unquestionably threaten the scenic 

qualities of the forest. In another document, namely 

the State Ecological Policy (2008) it was stated that 

the method of land development and use should 

ensure that landscape values are preserved as far as 

possible. One of the aims of nature and landscape 

conservation is to ensure that forests and woodlands 

are important in proper spatial planning, including 

the shaping of the field-forest border of Poland.  

It is a very general record, which from one side 

accentuate the connection of the landscape with 

spatial planning, and on the other points to 

interchangeable use of the concepts landscape and 

nature. Shaping the field-forest border in practice 

aims at preventing disadvantageous changes 

occurring in the stands because of their proximity to 

open areas, therefore it is supposed to contribute to 

the improvement in functioning of the natural 

environment, rather than emphasizing scenic 

qualities of the forest or creating new aesthetic 

values.  

Connections of the landscape with the spatial 

planning are also seen in the Act on spatial planning 

and development (OJ of 2003, No. 80, pos. 717). 

According to the Act mentioned above (Art. 1, pt 2), 

for spatial planning and development mostly 

architectural qualities and the landscape are taken 

into account followed by requirements of 

environmental protection and the protection of 

cultural legacy, monuments and goods of the 

contemporary culture etc. 

It is not without significance that the Legislator 

put scenic qualities beside architectural ones. 

Provisions of the act point to the cultural, 

compositional-aesthetic meaning of the landscape. 

the act also stipulates that the cultural landscape 

protection requirements shall be taken into account 

in the study of conditionings and directions of 

spatial development of the commune (Act on 

planning Art. 10, pt 1), as well as in the local spatial 

development plan (Act on planning Art. 15., pt 2, 

Act environment protection laws Art. 72, pt 5). The 

systems of protected areas, including areas of the 

environment, nature and cultural landscape 

protection, are also taken into account in the plan of 

spatial development of the voivodeship and in the 

strategy for the development of the voivodeship 

(Act on planning Art. 39, 3.2 pt). The analysis of the 

records of this act indicates that in the process of 

spatial planning there is noticed the significance of 

the landscape shaping the quality of life of the 

residents. At the same time, however, a definitely 

more important part in this respect is assigned to the 

cultural landscape rather than the natural one. A 

similar impression may be received when analyzing 

another Act, i.e. the Act on the conservation and the 

care of monuments (OJ of 2003, No. 162, pos. 
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1568).Article 6.1 of this Act states that irrespective of 

the state of preservation, only a cultural landscape is 

subject to protection and care, and not landscape 

generally. It is intriguing that the legislation being in 

effect in Poland does not include such a document, 

apart from the Landscape convention ratified on the 

27th of September 2004, to clearly define the 

landscape. In the Act on the conservation of 

monuments, there is only a definition of the cultural 

landscape, which should be understood as "the 

space historically formed as a result of activity of the 

man, containing products of the civilization and 

natural elements" (Act on the conservation of 

monuments ... Art. 3 pt 14).  

In the Nature Conservation Act (OJ of 2004, No. 

92, pos. 880), however, there is a definition of the 

landscape values, which should be understood as 

ecological values, aesthetic values and cultural 

values of land, and associated with it the relief, 

formations and elements of nature, shaped by 

natural forces or by human activities (Nature 

Conservation Act, Article 5, clause.23). 

 At the same time, however, the landscape is 

situated amongst resources, formations and 

elements of the nature (Art. 2, pt 1). In accordance 

with the Act (Art. 5, pt 20), the landscape along with 

its natural abiotic formations, natural and 

transformed habitats, as well as plants, animals and 

fungi creates the natural environment. This 

definition implies that the Legislator identifies the 

concept of landscape above all with the natural 

environment. And so within one Act we deal with 

certain inconsistency and lack of distinct articulating 

the fact that the landscape is a component of not 

only the natural environment, but also cultural one..  

In the analyzed documents protective landscape 

design is strongly exposed. In the Nature 

Conservation Act (OJ of 2004 No. 92, pos. 880) as 

well as in the Environment protection laws (OJ of 

2001, No. 62, pos. 627, with amendments), landscape 

protection is combined with natural habitat 

protection. According to the latter (Art. 72, pt 5), the 

protection of scenic qualities is a condition for 

maintaining the natural balance and the rational 

management of environmental resources. As 

defined in the Nature Conservation Act (OJ of 2004 

No. 92, pos. 880), landscape protection is 

maintaining distinctive features of the given 

landscape (Art. 5, pt 8). However, this record is too 

general and not very practical. Transformation 

works conducted these days (e.g. building an 

opencast mine) cause far-reaching changes in the 

physiognomy of the area, granting new features to 

the surroundings. It is hard to agree that this type of 

landscape features should be protected.  

The area that stands out for the special landscape 

values can be covered by such forms of wildlife 

conservation as reserve (Art 13, paragraph 1) or 

landscape park (Art 16, paragraph 1), the area of 

protected landscape (Art 23, paragraph 1). Single 

products of nature animate and inanimate, or their 

clusters of special landscape value, characterized by 

individual characteristics, distinguishing them 

among other creations, in turn, may be regarded as 

monuments of nature (Art 40, paragraph 1) and 

fragments of natural and cultural landscapes, which 

are worthy of protection because of their scenic or 

aesthetic values, can be protected as a nature and 

landscape units (Art 43). 

Apart from the national park, where "the entire 

nature and scenic qualities" are subject to protection 

(Art. 8., pt 1), the legal protection includes therefore 

special, distinctive landscapes. At the same time the 

Legislator didn't determine the way of delimitation 

and establishing the rank of scenic qualities of these 

landscapes. In the act mentioned above, as well as in 

accompanying regulations, there is no key allowing 

to assess the landscape value, an information about 

the scope, landscape analyses for landscape 

valorization is missing. Therefore, it can be thought 

that including the landscape in one of those forms of 

nature conservation mentioned above is of a 

discretionary character.  

In the act on the conservation of monuments (OJ 

2003, No. 162, pos. 1568), landscape protection is 

combined only with the protection of cultural 

qualities. In accordance with the Act on the 

conservation of monuments (Art. 7), we can 

distinguish the following forms of protection of 

cultural landscape: the entry in the register of 

monuments, history monument, cultural park and 

establishing the protection in the local development 

plan. Surrounding of the monument, already 

entered in a register can be listed in a register of 

monuments (Art. 9, pt 2), as well as historical urban 

planning arrangement, rural or historical building 

complex (Art. 9, pt 3). Cultural park is a form of 

cultural landscape protection and maintenance of 

distinguishing in respect of landscape areas with the 

immovable monuments characteristic of the local 

building and settlement tradition (Art. 16, pt 1). 

Cultural parks, as well as immovable monuments 
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enlisted in the register of monuments, with the 

special value for the culture or can be recognized as 

the history monument (Art. 15, pt 1). Forest design 

only seemingly has a slight connection with records 

of the Nature Conservation Act. After all, objects 

enlisted in the register of monuments (e.g. old 

forester's lodges, burial mounds, graveyards, places 

commemorating historical events etc.) are located on 

forest grounds, moreover some cultural parks cover 

big fragments of forest complexes (e.g. Cultural Park 

"Dolina Trzech Młynów").  

Establishing some of legal forms of landscape 

protection mentioned above results in the need to 

organize the plan of protection.  

This Act (Article 20) implies that the landscape 

values are taken into account in compilation of 

security plans for a national park, nature reserve 

and nature park. For the purpose of the compilation 

of conservation plan draft, the landscape values 

together with their characteristics, evaluation of 

conditions and forecast of future changes to the 

extent necessary to plan conservation, are carried 

out (Minister of the Environment Regulation § 8.1 

clause 4 and § 14.1. clause 3). Within these works, 

associated with the above-mentioned inventory, the 

three types of landscapes, points, axis and scenic 

foreground, including roads and hiking trails, are 

defined (§9 clause 11 and § 15 clause 9).  

Therefore inventorying of types of landscapes, 

points, axis and scenic foregrounds is an essential 

component of plans of landscape and cultural 

reserve protection, yet not necessarily of forest, 

water, steppe reserves etc. 

Protective treatments in areas of active protection 

in national park and nature reserve, in relation to the 

landscape values, may particularly include: 

removing or overriding of disharmonious 

anthropogenic elements in landscape and removal 

of vegetation which hides the lines, viewpoints and 

also panoramas (Minister of Environment 

Regulation § 30, clauses 1 – 2). 

In the landscape parks, in accordance with the 

above regulation, (§ 34 paragraph 3) one way to 

protect natural, cultural and landscape values is to 

shape the spatial development, in particular by 

protecting open space from over-building 

development, development of afforestation in an 

optimal manner for the protection of biodiversity 

and landscape values, protection of points, axis and 

scenic foreground. The so-called environmental 

decisions, i.e. decisions on environmental conditions 

of the realization of the project which may always or 

potentially affect the environment, are supposed to 

help protect the landscape. These decisions are 

issued on the basis of environmental impact 

assessments (disclosure of environmental 

information Act ... Art 82), one of the components 

being a report on the impact of projects on the 

environment (Art 67).  

Those decisions take into account the type and 

nature of the project, and also (Art 63, Section 2) 

conditions of the project location, possible threats to 

the landscape areas having historical, cultural or 

archaeological importance. 

Natural compensation, defined in the 

Environmental Protection Act (Art.3, point 8) as a set 

of measures, including in particular the construction 

works, earthworks, soil reclamation, afforestation, 

foliage or formation of clusters of vegetation, leading 

to restoration of natural balance in the area, promotes 

the preservation of cultural values and compensation 

for damage which was done to the environment 

through the implementation of the project.  

Possibilities of landscape design resulting from 

the analysis of recommendations for the forest 

management  

Until recently, documents applying to the 

National Forest Holding hardly dealt with the issue 

of forest design. At present, references to the design 

of landscape, understood as the physiognomic space 

are included in: Guidelines on improving the forest 

management on environmental bases (order No. 

11A DGLP May 11, 1999), Principles of silviculture 

(2011), Instruction of forest protection (2011), 

Instruction of forest management (2012). According 

to Principles of silviculture (2011), forest is a 

multispatial and permanent element of the 

landscape, and also the most compound land nature 

complex (& 67 of pt 1).  

In Guidelines (1999) there was demand for the 

reduction of the surface of clear fellings and for the 

flexible leading of felling lines in a way that ensures 

the forest landscape protection (of 3.3 pt). According 

to this document,, it is obligatorily to leave groups 

and clumps of admixture and biocoenotic trees on 

the fellings, not only for the improvement of the age 

structure and biodiversity, but also for aesthetic 

reasons. Total fellings located along the main 

communications trails (motorways, expressways 

and of the first and second class), bodies of water 

(rivers, lakes, small ponds) and buffer zones of 

reserves are also prohibited (of 4.1.3 pt). In the 



 
 

Formal and Legal Aspects of the Forest Landscape Design in Poland 

142 forumgeografic.ro 

Principles of silviculture (2011), however, a 

regulation on the ban on total fellings along roads 

was omitted. Making reference to the location and 

design of logging areas, it stipulates that keeping 

protective functions of forest may require alteration 

of principles adopted for farm forests, e.g. ceasing to 

employ total fellings, extending the period of 

renovating in partial fellings, leaving clumps of trees 

after the remove cuts, reconstruction of species 

composition and the structure of the tree stand, 

employing the selection of direction of promoting 

not only the lifespan and adaptability of trees but 

also aesthetic-scenic qualities (§ 11, of pt 2).  

In the documents mentioned above, a great 

significance in shaping physiognomic qualities of 

forest is assigned to ecotones, i.e. coastal forest region. 

In the Instruction of forest protection (2011), there is a 

regulation stipulating that one of the basic functions of 

ecotone zones is a social function. This forces the need 

for appropriate landscaping through the multilayer 

structure and the strip arrangement of these zones 

resulting in break up the monotony and soften the 

economic stands "aesthetic tensions" in the landscape. 

According to the new Principles of silviculture (2011), 

creating of transitional zones (ecotones) by fellings 

(including clear fellings) is recommended by major 

roads (national and provincial) and rail routes (& 27 of 

pt 1). Ecotones should also be shaped or saved in the 

course of nursing cuts on the border between forest 

and outside open areas (such as fields, waters) (& 69 of 

pt 1).  

In all documents concerning conducting the 

forest management in Poland, there could be found 

a regulation saying that increasing biodiversity is 

conducive to the forest landscape enrichment. 

According to the Instruction on forest management 

(2012), the criterion of maintenance, protection and 

proper enhancement of biological diversity in forest 

ecosystems relates to the necessity of such 

management which favors: diversity, within both 

the surface and vertical structure and species 

diversity in the forest economic activity, and where 

it is possible, also maintenance and reconstruction of 

the landscape diversity (Art. 79 pt 4). According to 

the Instruction on forest protection (2011), a 

diversity of ecosystems and their arrangements 

determines the diversity of natural landscapes. 

According to the Guidelines (1999) diversifying 

according to natural conditions: species, age, layer 

and spatial structure of tree stands, must be 

conducive to landscape enhancement (pt 3.5). 

However, in the Principles of silviculture, it is 

emphasized that diversity of the forest landscape is 

affected by open areas in forests (& 68 pt 2), in 

particular ecological grounds, no forested marsh 

inside forest complexes... and areas of outstanding 

view qualities (& 68 pt 4). In order to preserve scenic 

qualities in forests it is striving to keep the state 

close to natural or reproduce mid-forest ponds , 

flows, marshes, swamps, peatmosses, bogs, moors, 

sand dunes, screes, rock outcrops, forest clearings, 

mountain pastures and other no forest grounds not 

subjected to afforestation (& 66 of pt 5). Within 

compact forest complexes, open areas serve not only 

the protection of many kinds of the native flora and 

fauna, but also exposing scenic qualities (& 68 of pt 

5). Leaving the so-called biocoenotic trees, e.g. trees 

of native kinds, naturally appearing or implemented 

such as apple tree, pear tree, cherry tree, cherry 

plum tree and others is conducive for enhancement 

and variety of forest landscape (Instruction of forest 

protection 2011).  

The analysis of documents mentioned above 

show that the afforestation of post-agricultural and 

post-industrial grounds is an important issue 

associated with forest design. According to the 

Guidelines (the specific principles part), with respect 

to the afforestation of these areas, it is recommended 

to leave permanent and temporary small ponds, 

bogs, marshes, trees, mid-field refuges etc. as 

important landscape elements (pt 2.4). On the other 

hand, in the Principles of silviculture (2011), there is 

a record saying that the reconstruction of tree stands 

in industrial areas aims at the protection of the forest 

landscape, taking into account the needs of tourism 

(59 pt 2).  

The issues associated with the forest design are 

most widely presented in the Principles of 

silviculture (2011). In the project of the Principles (as 

of Aug 31, 2011), a definition of the landscape 

appeared, analogous to the one presented in the 

European Landscape Convention, yet, in the final, 

published version of the Principles, it was omitted. 

However, already in the introduction of this 

document (§ of 1 pt 3) it was stated that for shaping 

the future image (reference to the perceived 

landscape!), the trends of the social-economic 

development of the country, which will influence 

the natural environment and expectations of the 

society, should be considered. This issue is 

becoming unusually important on account of the 

increase in the significance of non-productive 
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functions of forest and the growing social 

expectations of the forest. At the same time Ruiz and 

Domon (2006) point out that the main, though often 

omitted, contraindication to socially acceptable 

environmental resource management, including 

forest management, is the fact that the parties 

concerned can interpret the management 

suggestions quite differently from one another. This 

multitude of prospects, in combination with the 

tendency on the part of different entities to the 

unerringness of their views can lead to innumerable 

problems and impediments in the decision-making 

processes. Hence when setting the scope of action 

for keeping existing natural and scenic qualities and 

landscape should take into account the existing 

needs and possibilities of their realization, which 

was written in the Principles (& 66 pt 6).  

The basis for regulation on forest design is the 

spatial planning and territorial development (& 66 

pt 2). The document entitled Instruction on forest 

landscape pays attention to the interactions between 

the forest management and assumptions of the 

policy of spatial development of the region (pt 2.2 

&9). There is a need to analyze the influence of aims 

of development plans on leading the permanently 

balanced forest management, including not only the 

environmental protection, but also the health care of 

the population, durability of the forest, as well as 

defense of the country and landscape protection. 

According to it, the concept of forest landscape 

design appears in context of the forest infrastructure 

(general and road construction, water drainage, 

building development of mountain streams and 

recreational development)Particularly important is 

the case with recreational development in the forests 

classified as protective, located within the 

administrative boundaries of cities and in the 

distance to 10 km from the administrative 

boundaries of cities with a population of over 50 

thousand residents and in protective zones around 

sanatoriums and health resorts (& 46 pt 18). 

Amongst the documents mentioned above, a 

reference to the engineering possibilities of forest 

design appears only in the project of the Instruction 

of forest management (2012). 

Conclusion 

Following the analysis of the documents 

mentioned above, it can be said that the landscape is 

an important issue both in nationwide legislative 

documents and documents concerning the way of 

leading the forest management. At the same time in 

the Polish legislation the landscape is understood 

either as the natural or cultural value, and its design 

is identified with the protection of either natural or 

cultural qualities. Yet the landscape protection must 

be understood much more widely, it should 

combine the natural and cultural landscape 

protection. Such understanding of landscape is 

clearly pointed out by the European Landscape 

Convention. This means that, according to the Polish 

legislation, the protection of landscape, especially its 

physiognomical qualities becomes very difficult. 

Statutory instruments that would allow for the 

proper management and planning of landscape are 

missing. Moreover, the Convention emphasizes the 

meaning of the social perception in defining the 

landscape (area perceived by people); however, 

none of the acts takes into account the role of the 

society in the landscape approach. Therefore, there 

is a need of a separate act on the landscape 

approach, which would harmoniously connect the 

natural and cultural landscape protection and 

would accentuate the participation of society in both 

the protection and management and planning of the 

landscape.  

That the research conducted shows that the 

issues concerning the landscape approach are 

becoming more and more important in the 

realization of principles of the forest management 

led in Poland. However, there is a need of taking up 

work for the comprehensive and consistent 

codification of issues concerning forest design. 

Forest design cannot be reduced to taking action, 

concerning single components of the landscape (e.g. 

forest wall, biocoenotic trees, mid-forest bodies of 

water), conservation actions (protection of some, 

most valuable fragments of forest, increase in the 

species diversity). In formulating future guidelines 

and recommendations concerning the way of 

leading the forest management, one should take into 

account the need of drawing up prospective action 

concerning protective design and planning of the 

forest landscape. It seems advisable that landscape 

protection plans are made along with the forest 

management plans.  

The achieved results allow for the following 

conclusions:  

 the possibilities of landscape design resulting from 

the analysis of documents mentioned above are 

associated mainly with culture and management 
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aspect of the forest management. However, there 

are missing a lot of significant references to the 

scope of applied solutions in forest engineering 

field, especially to communicative provision of the 

forest and forest design. 

 there is a need of establishing modern principles of 

engineering landscape design, being in accordance 

with the concept of balanced and multifunctional 

forest management. 
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Abstract 

The main purpose of this study is to elaborate the 

methodology of evaluating the tourism potential of 

landscapes based on concept of the spatial-temporal 

analysis and synthesis of natural territorial 

complexes (NTCs). The object of the studies is whole 

territory of Georgia. For this purpose, a great 

number of statistical data, long-term field-work 

observations in different landscapes, cartographic 

and fund materials were used. All these data were 

grouped in accordance with three main factors, such 

as natural, social-economic and historic-cultural 

factors. Particular attention was paid to some issues: 

systematization of data accrued in branch-

geographical and statistical sources, referring 

different branch-geographical data to the landscape 

units, estimation of main driving forces, functions 

and the degree of tourism potential, creation of 

landscape inventory and thematic mapping. The 

study is based on comprehensive analysis, which 

enables to define high and low potential of various 

landscape units and allows comparing the tourism 

potentials of landscapes with each other taking into 

consideration integrated parameter based on the 

multifactor analysis. The main features of uneven 

territorial distribution of tourism potential of 

Georgia’s landscapes have been revealed. The 

cartographic base of the work is the Landscapes map 

of Georgia on a scale of 1: 1,000,000 and 1: 500,000, 

where the landscape types, subtypes, genera, types 

of NTCs are shown. All these data were processed 

by means of GIS analysis, overlay procedures and 

series of the thematic maps was done. 

Keywords: landscape evaluation, touristic potential, 

Georgia  

Rezumat. Evaluarea potenţialului turistic al 
peisajelor din Georgia 

Scopul principal al acestui studiu îl reprezintă 

elaborarea metodologiei pentru evaluarea 

potențialului turistic al peisajului, pe baza analizei 

spațio-temporare și a sintezei complexelor teritoriale 

naturale (CTN). Studiul de față vizează întregul 

teritoriu al Georgiei. Pentru acest scop, am folosit 

foarte multe date statistice, observații pe teren 

desfășurate într-o lungă perioadă de timp pentru 

diferite tipuri de peisaje, precum și materiale 

cartografice. Toate datele au fost grupate în funcție 

de trei factori principali, și anume factori naturali, 

socio-economici și culturali-istorici. O atenție 

deosebită a fost acordată sistematizării datelor 

obținute din sursele geografice și statistice, cu 

referire la datele geografice pentru diferite unități de 

peisaj, estimării principalilor factori generatori, 

funcții și potențialului turistic, creării unui inventar 

al peisajelor și cartării tematice. Studiul se bazează 

pe o analiză comprehensivă, care permite definirea 

unui potențial semnificativ sau redus al diferitelor 

unități de peisaj, permițând compararea 

potențialului turistic pentru mai multe peisaje, 

ținând cont de parametrii integrați rezultați în urma 

analizei multifactoriale. Studiul prezintă principalele 

trăsături ale repartiției neuniforme a potențialului 

turistic al peisajelor din Georgia. Baza cartografică a 

studiului o reprezintă Harta peisajelor Georgiei la 

scara 1:1.000.000 și 1:500.000, unde sunt figurate 

tipurile de peisaj, subtipurile, genurile și tipurile de 

CTN. Toate aceste date au fost procesate cu ajutorul 

SIG, în final fiind obținute mai multe hărți tematice. 

Cuvinte-cheie: evaluarea peisajului, potenţial turistic, 

Georgia 
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Introduction 

The research of tourism issues has become very 

important in recent decades throughout the world, 

therefore many scientific works have been written 

concerning the tourism issues, such as the research 

of the tourism potential of the countries or regions 

and the evaluation of the tourism resources for the 

development of the countries tourism industry.  

But the majority of the works refer to the 

research of tourism potential of the administrative-

territorial unities and not landscapes. 

The study of the tourism potential of the 

landscapes is an important part for landscape 

studies, especially for the territorial planning. And 

therefore our work has both theoretical and practical 

importance. 

Studying of landscape potential is one of the 

basic question of landscape. The potential of the 

landscapes is the complex of resource means, which 

is used (nowadays or in the future) for the 

improvement and protection of habitation 

environment (Raymers, 1978). With all, it is the 

complex of peculiarities on which basis the 

landscape can accomplish the social-economical 

functions.  

Landscape potential a spatial-temporary category 

determined by natural properties of geo systems, 

results of anthropogenic influences, forms and 

directions of use of territory. The landscape can have 

as natural, also economical potential. They are 

natural-resource, ecological, residential, tourism 

potential, etc. (Elzibarashvili, 2005). Tourism 

potential is focused on the quality of recreational 

resources, such as climatic conditions, balneological 

and other water resources, flora and fauna, 

biodiversity, aesthetic of landscapes, clean 

environment, also existence archeological and 

architectural monuments, cultural, sport, health 

agencies. 

As Georgia is distinguished by diverse natural 

conditions and landscapes and all of these 

landscapes are characterized by originality and 

different tourism potential, is very important to 

evaluate this potential according to every landscape 

unit. e.g. some landscapes is important by 

balneological point of view, but another ones is 

significant as a mountaineering, mountain skiing 

and alpinism. Though, these diverse situation 

complicates the possibility of evaluation of tourism 

potential and classification landscapes according 

this potential. 

Landscapes’ tourism potential includes the wide 

range of the resources which are used for tourism 

industry, or there is a prospect of it. Actually, this is 

the determination of functions that should reflect the 

landscape’s ability to satisfy the tourist needs. The 

identification of the touristic potential requires the 

interpretation of several factors such as: 

environmental, socio-economic and cultural-

historical. 

The main purpose of this study is to elaborate the 

methodology of evaluating the touristic potential of 

landscapes based on the concept of the spatial-

temporal analysis and synthesis of natural territorial 

complexes (NTCs). Our work is focused on the 

determination of assessed criteria of the tourism 

potential of landscapes. 

Based on the main purpose of this research the 

following issues are given particular attention: 

-Collection and systematization of data accrued 

in geographic and various scientific agencies; 

-Creation of GIS database for the evaluation of 

tourism potential of landscapes and its thematic 

mapping; 

-Evaluation of scores for each factor according to 

the landscapes by rating method; 

-Evaluation of resource potential of landscapes 

according to numerical and qualitative indices. 

Tourism has become an important sphere of the 

world economy. In recent decades it increases very 

rapidly. Nowadays, tourism is the priority sphere 

for Georgia’s economic policy. The modernization of 

infrastructure is becoming an important priority for 

the development of tourism. In 2009, 1.5 million 

person visited Georgia and according to the experts 

predictions this figure will increase in the future. In 

these circumstances, it is very important to detect 

and solve the touristic-recreational problems, and to 

evaluate the tourist-recreational potential of the new 

recreational territories. 

The research of this issue is very important for 

Georgia owing to several factors; firstly, Georgia has 

a very high touristic potential, and secondly, 

tourism has become one of the key factors driving 

the Georgian economy. Tourism can gain the vital 

importance for our country, because it can bring a 

large amount of income which is significant for the 

socio-economic development and creates 

opportunities for the employment. Therefore, each 

factor that has direct and indirect influence on the 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XI, Issue 2 December 2012, pp. 145-154 
http://dx.doi.org/10.5775/fg.2067-4635.2012.025.d 

© 2012 Forum geografic. All rights reserved. 147 

development of the tourism industry should be 

analyzed.  From this point of view, it is very 

important to examine the touristic potential of 

different territorial unities. In the first instance, the 

multifactorial analysis and evaluation are the more 

important. 

The research of tourism issues has become very 

important in Georgia in the recent decades, due to 

the high rates that seaside and mountainous resorts 

are built at, the organization of caves are being 

processed, the services are being refined. After all 

these efforts, the number of tourist is  increasing, 

due to the favorable transport geographical location 

of Georgia, constantly increasing economy of the 

country, the diversity of the existing natural 

resources and the distinctive culture and traditions 

of Georgia. The number of the visitors has increased 

in recent years. For example, for the 1995-2011 

period, the number of visitors has increased 33 times 

(fig. 1). The highest increase was registered after 

2010. In 2011 Georgia has visited 2,820 million 

persons (Archival data of The tourism and resort 

department of Georgia, 2010). 

 

Fig. 1 The dynamic of the arrivals in Georgia 

Object of research 

The object of the studies is a whole territory of 

Georgia. Many factors determine the diversity of the 

touristic resources in Georgia:  

Diverse and contrast landscapes, for example, in 

Georgia there are fourteen types of landscapes and 

seventy one genera [Beruchashvili, 1979]. According 

to the landscape diversity, Georgia is on the 12th 

place in the world. But with the amount of the 

landscapes per square km, Georgia is on the first 

place. In other areas that are the equal in size to 

Georgia we may find only one type of landscape, 

while in Georgia we have twenty two, so ten times 

more than in other regions [Beruchashvili, 2000]. In 

spite of the fact that Georgia possesses a small 

territory (69.7 thousand sq. km), it has 

approximately all the landscape types, represented 

in the world, except savanas, deserts and rainforests. 

In Georgia we have approximately all types of 

landscape zones, which range from humid, dry-

subtropical valleys to high mountain alpine and 

glaciers zone; 

There is the sharply expressed vertical zonation 

of landscapes. The country’s highest peak is mount 

Shkhara (5203 m), while the lowest point is located 

between Poti and village Kulevi (1.2-2.3 m below sea 

level). 

The high percentage of the virgin landscapes, 

which includes the 10 percent of the territory of 

Georgia [Beruchashvili, 2000]. Nowhere in Europe 

we can find the virgin landscapes like these, with 

high distribution of endemic and relict species, with 

high productivity forest. The maximum amount of 

phytomass is concentrated in middle-mountain 

forest landscapes with the prevalence of beech-

coniferous forest (Tediashvili, 1984; Nikolaishvili, 

2009); 

The network of the protected areas, the 

abundance of natural monuments and sightseeing, 

rare flora and fauna, with high proportion endemic, 

relict and fossil species and a plenty of limestone 

caves; 

Different chemical composition and high debit 

mineral waters, the abundance of balneological (spa) 

and climatic resorts [Health Resorts of Georgia, 

1989; Resorts and Resort Resources of Georgia, 

1989]; 

Wide range of speleological and mountainous 

tourist objects; 

High ecological potential, that in the future can 

be used for the development of recreational and 

tourism purposes. The ecological problems in 

Georgia have a local character and are less than in 

any other regions of the world [Caucaus 

Environmental Outlook, 2002]. It is very important, 

that completely changed landscapes occupy only 1 

percent of the whole area of Georgia and strongly 

changed only 19 percent [Nikolaishvili, 2009]. 

Georgia has one of the world’s richest and oldest 

history, which caused the diversity of cultural and 

traditional elements and the abundance of 

archeological and architectural objects, that are 

important factors for the development of the 

country’s tourism industry. There are 12 000 

historical monuments in Georgia, from which 5,000 

are under the state protection [Shubladze, 2004]. 

Some of the existing monuments are included in the 

list of UNESCO, for example, the antic Georgian 

capital Mtskheta, as a city-museum, Ushguli 

assembly, Gelati complex and Bagrati temple. 
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The ethnographic diversity and traditions are 

main prerequisites for Georgia’s touristic potential. 

Due to the high mountainous relief  and weak links 

among the historical-geographical provinces, there 

are diverse traditions in Georgia. For example, 

Svaneti, Khevsureti, Tusheti, have different 

traditions, habits, which are sustained till recent 

times. 

Classification of Georgia’s Landscapes 

Landscape and its classification is one of the 

fundamental and very important notion of 

landscape science. It has also very diverse 

constructive value. It makes possible to evaluate 

each territorial units according to landscape 

planning, sustainable use of natural resources, 

environmental mana¬ge¬ment, etc. Many scientists 

discuss in their works a lot of questions about 

landscape and its classification, expressing different 

point of view. This different opinions are expressed 

in diverse aspects, such as concept of landscape, 

principles and techniques of  classification. They are 

quite different notions of landscapes, accepted in the 

different schools of landscape studies. All of them 

have advantages and disadvantages, positive and 

negative sides. As prof. Mark Antrop wrote, 

considering all these aspects, it is not surprising that 

the approaches to landscape are very broad and not 

always clearly defined [Antrop, 2000]. 

Landscape is understood as a natural complex 

that is formed under the conditions of a 

homogenous geological basis, in a single type of 

dominating relief and homogenous climate, on the 

background of which the combination of vegetation 

and soil characteristic to the landscape is formed 

[Beruchashvili, 2000]. Also, landscape is considered 

as specific, not-repeatable spatial-temporal unit 

having own geographical name and concrete 

location on the map. This means that one landscape 

exists only in one place for one moment of time. 

Although, this doesn't means that the same 

landscapes don't exist anywhere else. Landscape is 

not a simple unity of natural components. It is a 

dynamic system with a complex interconnection of 

natural components, undergoing constant changes 

due to the influence of natural or anthropogenic 

factors. 

Landscape is represented by a hierarchical units 

of landscapes, such as class, sub-class, types, sub-

types, genera, and species. The biggest unit of 

landscape is class, and the smallest - species.  The 

definitions and the main essence of these units is 

represented in many scientific papers 

[Beruchashvili, 1989; 1995; 2000; Beruchashvili, 

Elizbarashvili, Nikolaishvili, 1992]. According to 

these papers landscape type combines landscapes 

with common features of climate, hydro-thermal 

conditions, and it also characterize by one type of 

vegetation and soil. In contract to the type, 

landscape sub-type is considered as landscape with 

minor characters of above-mentioned features. 

Research on tourism in Georgia 

There are many works in the scientific-

geographical literature, that are dedicated to the 

research of Georgia’s touristic resources. These 

works are focusing on tourism marketing, on the use 

and management of touristic resources [Kobakhidze, 

1971; Pavliashvili, 1991; Khelashvili, 1992; Gabunia, 

2005; Touristical-recreational Resources of Georgia, 

2006; Barkalaia, 2009]. In many works the factors 

influencing the development of tourism industry are 

discussed, there are some elements of the evauation 

of the tourism potential of different regions of the 

country [Metreveli 2004; Shublaze 2004; Gabunia, 

2005; Ukleba, 2006; Ukleba, Seperteladze, 1999; 

Nikolaishvili, Matchavariani, Demetrashvili, 2011]. 

Despite the fact that resort industry in Georgia exists 

for many years and inspite of the Georgia’s rich and 

diverse tourist-recreational resources, there is a lack 

of scientific works, where the touristic potential of 

landscapes, or their inventory, evaluation criteria 

and methodological background. Only a few works 

are dwelling on the complex evaluation of touristic 

resources, which discourages the process of their 

systematization. 

Research methods and initial data 

The evaluation of the tourist potential requires 

the complex analysis of different factors, from which 

the following are important: climatic and 

balneological resources, flora and fauna, the rare 

relief forms, bio- and landscape diversity, virgin 

landscapes and protected areas, ecologically clean 

and aesthetic environment, historical monuments, 

cultural, healthcare, sport institutions, development 

of the infrastructure and etc. For the recreational 

purposes the landscapes with the high aesthetic 

perception potential of the geographical features 

and the attractions  are important, for example, 
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diverse relief, high percentage of forests, sandy 

beaches, waterfalls, canyon gorges and etc.  

This diversity makes it difficult to evaluate the 

tourism potential of different areas due to several 

reasons: the lack of data and the absence of the 

entire database; also different approaches and 

techniques pose difficulties in comparing the 

multiple-factor and multidimensional parameters. 

The factors influencing the tourism potential can 

be classified in three categories, these are: natural, 

socio-economic and historical-cultural 

(Nikolaishvili, Matchavariani, Demetrashvili, 2011). 

The present work evaluates Georgia’s landscapes 

relying mainly on the natural factors. 

For the identification of the tourism potential we 

have relayed on the elements that determine the 

recreational resources of the landscapes, virginity of 

landscapes and less-changed environments. 

Particularly, resorts and resort places, mineral 

waters (thermal waters and therapeutic mud), 

limestone caves, protected areas and rare natural 

monuments, also the percentage of forests, the 

strong and high productive forests, virgin forests, 

representatives of Georgia’s Red Book, landscape 

diversity, density of transport network, areas which 

were less transformed by anthropogenic activities. 

Resolving such issue is quite problematic due to 

multiple-factor and multidimensional nature of the 

parameters. Therefore, quantitative methods are 

often used. Calculation of integral indicators for 

such issues has been used in leading international 

organizations of the world. For this purpose 

normalized value is rather preferable. This method, 

used in mathematical statistics, allows 

“redistribution” of equal data in correspondence 

with equal numerical intervals, in particular within 

0-10 or 0-100 etc.  

Every parameter was evaluated according to 

Georgia’s landscapes. At the next stage integral 

parameter was calculated. Besides, it’s possible to 

define share of each parameter in the integral 

parameter.   

The cartographic base of the work is the 

Landscapes map of Georgia on a scale of 1: 1,000,000 

and 1:500,000 (Beruchashvili, 1979; 1983), where the 

landscape types, subtypes, genera, types of NTCs 

are shown. All these data was processed by means 

of GIS analysis, overlay procedures and series of the 

thematic maps were done. 

Different materials (both statistic and 

cartographic) that exist in branch-geographical and 

other institutions and according to these materials 

the Landscape database of Georgia’s touristic 

resources have been made. The research is also 

based on the annual data of daily conditions of 

landscapes (Climate reference books, Archival data 

of LAB…). The condition of the landscapes means 

the correlation between the parameters of the 

structure in a time period when particular input 

impacts – solar radiation, precipitation, thermal 

regime (Beruchashvili, 1989). 

After the analysis of these data, each landscape 

has been evaluated by rating method, or it means 

that scores for each factor (resorts, mineral waters 

amount, landscape diversity) have been determined. 

In order to determine this score, the following 

procedure was followed: 

- the proportion of the parameters have been 

determined according to each landscape 

(Bp1): 

Bp1 = X1 * 100 / Xmax, 

where X1  is the number of one certain datum 

(e.g. number of resorts in cool-temperate humid 

landscapes which amounts 100), and Xmax is the 

maximum meaning of the datum (e.g. maximum is 

in warm-temperate humid landscapes which 

amounts 142); 

- the scale of landscape has been determined 

in decimal system: 

(B1) = BP1 / 10, 

where B1 is the number of a certain datum (e.g. 

number of resorts) is in decimal system; 

- after the summarizing the data, the sum 

number (score) for each landscape have 

been determined (B): 

B = B1 + B2 + B3 + Bn. 

 By using this sample calculation, we have 

determined the complex index of the tourism 

potential of landscapes of Georgia. All data were 

processed by GIS technologies. 

For the identification of the seasonal peculiarities 

of the tourism potential we have relayed on the 

concept of spatial-temporal analysis and synthesis of 

NTCs, which was developed in 1980s at Tbilisi State 

University under the guidance of Prof. N. 

Beruchashvili (Methodology of Landscape-

geophysical…, 1983; Beruchashvili, 1989). 

The advantage of this method for the fulfillment 

of our aim is that it enables us to determine the 

favorable daily conditions of the tourism potential 

for every landscape. By analyzing these data, we 
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have determined the duration of the favorable 

conditions for each landscape. 

Main results of the research 

 

Main factors of the tourism potential of 

Georgia. According to the map of the resorts of the 

landscapes of Georgia (fig. 2), we can assume that 

the majority of the resorts (65 percent) are located in 

the mountain landscapes (we have counted 364 

resorts and resort places). Particularly, they are 

located in the middle mountain landscapes, where 

beech-coniferous forest prevail, and the low 

mountain forest landscapes with prevalence of 

beech forest (the exception is the eastern part of 

Lesser Caucasus  low mountain forest landscapes of 

Georgia - due to their small land area), which have a 

similar share  (21-21percent). The equal number of 

resorts and resort places are in the colchic low 

middle mountain landscapes, also in the middle 

mountain forest landscapes, where the beech species 

are dominating (the exception is the eastern part of  

Lesser Caucasus middle mountain landscapes,  due 

to the small land area). Each landscape contains the 

12 percent of the resorts, in high mountain forest 

landscapes this figure is 15 percent, and in other 

landscapes it equals to 10 percent.  

The landscapes of Western Georgia plain are on 

the first place among the subtypes of landscapes 

with large amount of resorts (1–10), where one third 

of the total amount of resorts are present, other 

landscapes fall behind this type. 

The majority of Georgia’s landscapes have high 

tourism potential. The main argument for this 

statement is that in only six subtypes of landscape 

(semi deserts, marshes, high mountain alpine, 

subniveal and niveal-glacial landscapes) there are no 

resorts and resort places.  

The landscapes possess the different tourist 

potential. For a certain landscape one type of 

potential is dominant, for another one the other type 

of potential has the significant importance and etc. 

Some landscapes possess only one potential, while 

some of them have several of them. 

 

Fig. 2 Resorts and Resort Places in Georgia’s Landscapes

Furthermore, one and the same landscape may 

have one major potential, while for another 

landscape this type of potential would be minor, for 

example for kolkhida lowland landscapes, which are 

located in Western Georgia, the main potential is 

climatic,because it is equivalent to the whole 

territory.The minor potential of kolkhida lowland is 

balneological, because it is common only for the 

certain parts of the territory. 

Due to the analysis of the density of the resorts 

and resort places is more important than the 

determination of its number. After the calculation of 

these data, we can see the real situation. The 

analyses of the resorts density in Georgia lead to the 

identification of the differences between landscapes. 
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In average, in Georgia there are 8-9 resorts on an 

area of 1000 sq.km. The plain landscapes have 

higher densities (13.5 per 1000 sq. km) than the 

mountain landscapes (8.6 per 1000 sq. km). The 

following subtypes have the highest densities: sub-

Mediterranean semi-humid landscapes, transition to 

the colchic forests and mountain semi-humid 

landscapes transition to the temperate warm, that is 

logical due to their small area. The high densities are 

present in the Big Caucasus (Kavkasioni) and the 

Lesser Caucasus (Mtsire Kavkasioni) low mountain 

forests landscapes. These landscapes comprise the 

resorts of Tbilisi, Borjomi and its neighbouring 

areas.  High densities (10 resort places per 1000 sq. 

km) are present also in the plain and middle 

mountain beech-coniferous landscapes of Western 

Georgia, which is an important indicator for the 

high tourism potential. 

The quantitative index is a valuable tool for 

evaluating the tourism potential all landscapes, but 

the qualitative one is also very important. 

Sometimes the existence of a certain resort, or resort 

place, with high tourism potential, is more 

important than the large number or just the 

arithmetical sum of them. Therefore, it is very 

important to evaluate the qualitative potential of the 

landscapes, which is much more difficult than the 

previous task. 

The regional peculiarities of the tourism 

potential of Georgia. The warm-temperate humid 

landscapes, having the maximum score for the 

tourism potential, are present in both Eastern and 

Western Georgia and cover an area of 19 thousand 

sq. km - 27 percent of whole territory of Georgia (fig. 

3). It comprises five sub-types of landscapes. This 

high number is determined by several factors: the 

high percentage of forests, the large amount of 

climatic and balneological (spa) resorts, mineral 

waters with various chemical composition, 

abundance of natural monuments and sightseeing, 

landscapes with  relatively low anthropogenic 

influence. The warm-temperate humid landscape 

comprises 824 springs of the mineral waters of the 

total of 1448, which have been registered by us, i.e. 

57 percent. Here the average percentage of the forest 

is 79 percent of the whole territory of landscape and 

the average number of phytomasses is 400-600 t/ha 

and more. It is also characterized with the large 

amount of natural sightseeing, but in these 

landscapes there is a low density of population and 

mineral waters. The climate of these landscapes 

varies considerably, for example, the landscapes of 

eastern and western parts have significant 

differences in humidity. 

 

Fig. 3 Score Rate of Touristical Potential of 

Georgia’s Landscapes 

Landscape sub-types: 1 - Subtropical humid; 2 - Sub-

Mediterranean semihumid; 3 - Subtropical semiarid;          

4 - Subtropical arid; 5 - Warm_temperate semihumid;        

6 - Hydromorphic and subhydromorphic; 7 - Subtropical 

arid; 8 - Subtropical arid; 9 - Warm-temperate humid;      

10 - Warm_temperate semiarid; 11 - Transitional to 

warm_temperate semiarid; 12 - Cool-temperate humid;    

13 - Cool humid high-mountain; 14 - Glacial-niveal and 

rocks 

The plain and foothill landscapes have high 

potential for the development of tourism in Georgia, 

which are determined by several factors: on one 

hand, the abundance of balneological and balneo-

climatic resorts, and on the other hand, the better 

developed infrastructure of these areas is a 

significant socio-economical factor (fig 4). The areas 

with the above mentioned landscapes present 

comfortable climatic conditions: the summer is 

moderate warm and the winter is moderate cold. 

The Black Sea coast (315 km) possesses a high 

tourism potential as well, with favorable climatic 

conditions and wonderful beaches. 

The climate on the seaside is subtropical, with 

mild winters (the average temperature in January is 

+4 +60C) and prolonged, hot summers. The height of 

the waves only very seldom exceeds the 3 m. It is 

also worth mentioning the Black Sea safe ichthyic-

fauna.  

The landscapes of the sub-alpine and alpine 

zones are ranked third from the tourism potential 

point of view. They attract skiers; Abkhazia, Racha, 

Khevi, Tusheti, and Svaneti have especially 

favourable conditions for winter sports. Moreover, 

the diverse traditions, cultural elements, habits, that 

are determined by the physical-geographical 

location are another attractive factor for the 

development of the tourism industry of these areas, 

which in the past had limited connections with other 

regions due to the mountainous relief.  
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Fig. 4 Touristical Potential of Georgia’s Landscapes 

The seasonal variation of the landscape’s 

potential. The landscape potential is the spatial-

temporal category that in the first instance is 

determined by the peculiarities of the seasonal 

natural conditions. For some landscapes, there are 

good conditions for tourism all the year long, while 

in other types of landscape, there are restrictive 

conditions.  

After analyzing the annual dynamic data of the 

landscape daily conditions, we have concluded that 

the duration of the favorable conditions for the 

development of tourism industry varies 

considerably in different landscapes. 

There are landscapes which have perspectives 

only for the development of a certain type of 

tourism season by season, for example, the Black Sea 

coast can provide the stand-ins for the landscapes of 

the sub-alpine and alpine zone can support tourism 

only during the warm periods of the year.  

The low and middle mountain forest landscapes 

of Eastern Georgia, which are located in a 10 km 

radius of Tbilisi-Rustavi agglomeration, can support 

the tourism industry during the whole year. 

For this purpose the cryothermal, arid and 

hypothermal daily conditions have the less 

potential. Duration of these conditions is 13% of the 

whole year duration (fig. 5). 

 

 

Fig. 5 Duration of Daily Conditions of Georgia’s Landscapes 

Landscape sub-types: 1 - Subtropical humid; 2 - Sub-Mediterranean semihumid; 3 - Subtropical semiarid; 4 - 

Subtropical arid; 5 - Warm_temperate semihumid; 6 - Hydromorphic and subhydromorphic; 7 - Subtropical arid; 8 - 

Subtropical arid; 9 - Warm-temperate humid; 10 - Warm_temperate semiarid; 11 - Transitional to warm_temperate 

semiarid; 12 - Cool-temperate humid; 13 - Cool humid high-mountain; 14 - Glacial-niveal and rocks 
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This figure is determined by two factors:  

1) It comprises the middle and high mountain 

landscapes, where the cryothermal conditions have 

a prolonged character in winter. 

 2) Despite the fact that the low mountain forest 

landscapes of Eastern Georgia are 500 m above sea 

level, they are influenced by the circulation of the 

arid air masses in summer, having prolonged arid 

and semiarid conditions. Still, the landscape was less 

transformed by human activities. 

The most favorable conditions are present in the 

plain and foothill landscapes, which are ranked 

second from the point of view of tourism potential. 

While analyzing of the daily conditions, we have 

to pay attention to one important circumstance: the 

same daily condition may be the favorable factor for 

one type of tourism and not for another. 

Conclusion 

Based on the different data, the tourism potential 

of Georgia’s landscapes, as well as some 

peculiarities of its territorial distribution were 

determined. 

On the base of complex approach and score 

method, a map of tourism potential of Georgia’s 

landscapes has been compiled. This map allows 

comparing different landscapes for evaluation of 

their resource potential according to numerical and 

qualitative indices; 

Using the concept of the spatial-temporal 

analysis and synthesis of natural territorial 

complexes (NTCs) the duration of favourable/ 

unfavourable conditions of landscapes have been 

elaborated. This approach is relevant for the 

evaluation the touristic potential of landscapes as a 

spatial-temporal category. So, we can conclude that, 

the analysis of the landscape conditions is very 

important to determine the character of the spatial 

distribution of landscape touristic potential. 
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Abstract 

The objective of this paper is to analyze of the net-

work of urban settlements in the Republic of 

Macedonia, their territorial dispersion and 

operability. The current situation and future 

perspectives of the urban development of the 

settlements (development of the current settlements 

and promising growth of some of the settlements 

into those with the status of a City) have been 

analyzed. This issue has been analyzed in order to 

point out the directions of the spreading of the 

population on the territory of the Republic of 

Macedonia, which at the moment has an unfavorable 

characteristic. The following economic-functional 

characteristics of the settlements have been analyzed: 

transportation availability, daily migrations and 

other criteria. 

Keywords: network of settlements, urban settlements, 

territorial dispersion, cartographic and geographic 

analysis, Republic of Macedonia 

Rezumat. Caracteristici ale rețelei de așezări 
urbane din Republica Macedonia 

Această lucrare analizează rețeaua de așezări urbane 

din Republica Macedonia, distribuția lor teritorială și 

operativitatea lor. Este prezentată situația actuală și 

perspectivele pentru dezvoltarea urbană a așezărilor 

(dezvoltarea actualelor așezări și creșterea 

promitățoare a unora, care să le permită schimbarea 

statutului, devenind așezări urbane). Scopul 

principal al lucrării îl reprezintă evidențierea 

direcțiilor de răspândire a populației în teritoriul 

Republicii Macedonia, care în momentul de față 

prezintă caracteristici nefavorabile. Atenție deosebită 

a fost acordată următoarelor caracteristici 

economico-funcționale ale așezărilor: posibilități de 

transport, navetism și alte criterii. 

Cuvinte-cheie: reţeaua de așezări, așezări urbane, 

dispersie teritorială, analiza cartografică şi geografică, 

Republica Macedonia 

 

Introduction 

Changes in the network of settlements in the 

Republic of Macedonia after the WW 2 were rapid 

and large. Right after the WW 2, exactly in the year 

1965, the network of settlements consisted of 1750 

villages and 29 towns. However, apart from these 

ones, there were another 176 settlements which 

served as local centres with communal significance 

i.e. there were 205 Municipality centers. 

In the year 1965, in accordance with the Law for 

administrative territorial organization, only 32 

Municipalities were established, meaning that 

centers of Municipalities were only urban 

settlements and settlements Demir Hisar and 

Makedonski Brod.  

The rapid process of industrialization (industrial 

capacities were located mainly in the towns) caused 

migration of the population from villages to towns. 

According to the census from the year 1981, the 

urban population was up to 55% compared to the 

rural population, which accounted for 45%. 

Thus, because of the inappropriate economical-

functional and infrastructural conditions, most of 

the rural areas (especially hilly-mountain areas) 

were affected by the intensive processes of 

depopulation and deagrarinization (approximately 

700 villages were affected). 

Part of villages mostly disseminated in field areas 

subsisted, but with insufficiently developed 

communal and economic functional conditions. 

Therefore, in the Republic of Macedonia there was a 

need for the establishment of more municipality 

centers through which a variety of administrative, 
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managerial, service-supplying, educational, health, 

cultural and other needs of the population would be 

satisfied in a more close and functional manner.  

This situation is not satisfactory for a proper 

economic development and survival of the villages; 

therefore the paper presents how the network of 

urban and Municipality centers in the Republic of 

Macedonia should look like.  

In 1996, by state law, 123 Municipalities were 

established, and in 2004 that number dropped to 84 

Municipalities, from which 41 Municipalities being 

semi-urban settlements and villages, 33 towns and 

10 Municipalities in the City of Skopje. This was 

performed through the turbulent political debates 

and without the appropriate criteria. 

Objective 

Because of the significant changes in the 

territorial dissemination of the population in the 

Republic of Macedonia (in terms of its concentration 

in urban areas, in villages with larger centrality and 

places with larger gravitational influences) the 

objective of this research was to determine a more 

optimal spatial organization of the network of 

settlements with larger centrality. The number of 

towns in the country (only 29) is insignificant. 

According to the local geographical position, 

another eleven settlements were developed as 

suburban centers. However, the local administrative 

territorial organization must be supplemented with 

a number of local rural centers as centers of 

Municipalities. Namely, despite the currently 

existing local research centers, based on specific 

criteria (local centrality of the settlements, traffic 

connectivity and distance, development of the line 

and institutional infrastructure, traditional 

gravitational flows of the population, etc.) the new 

local centers are emphasized, so that in the future 

we should realistically expect their development 

into suburban and urban centers. The goal is to 

achieve a balanced distribution of the population 

and settlements in the country. 

Criteria 

Network characteristics of urban areas as urban 

centers, suburban centers and local rural centers are 

observed and differentiated on the basis of a number of 

criteria (Berry, Conkling, Ray, 1976). More specifically, 

the following criteria are taken into account: 

• Territorial location of urban settlements; 

• Traffic connection and mutual distance; 

•Economic and functional features of the 

settlements; 

•Gravitational flows and trends of population,  

•Other criteria 

Territorial distribution of urban 
settlements in the Republic of 

Macedonia 

There are 29 urban (and 1750 rural) settlements in 

the Republic of Macedonia (25713 km2) (Markoski, 

2004). Their mutual distance is in average about 40 

km (the distances between towns vary from 10 to 85 

km). The above mentioned distances are not on the 

level to meet the everyday needs of the population 

since even with the use of modern means of 

transportation a considerable amount of time is being 

lost on daily migrations. The situation is even more 

drastic if we had the traditional ways of movement 

and transportation (by foot, on cattle, with animal 

drawn vehicles, on a bicycle). This is even more 

expressed if we consider the fact that Macedonia is 

mostly a mountainous-hilly country. We can 

conclude that urban settlements in Macedonia are on 

relatively large mutual distance and they are not 

sufficiently functional in the context of meeting the 

needs of the population. 

Spatially, towns in Macedonia are disseminated 

as they are located along one or two larger towns in 

the Basins around the country eg. Ohrid and Struga 

in Ohrid-Struga Basin, Resen in Prespa Basin, Bitola 

and Prilep in the Pelagonian Basin, Debar in Debar-

rekanska Basin, Kičevo in Kičevo Basin, Tetovo and 

Gostivar in the Polog Basin, Skopje in the Skopje 

Basin, Veles in the Veles river erosion expansion, 

Kavadarci and Negotino in Tikveš Basin, Valandovo 

and Gevgelija in Gevgelija-Valandovo Basin, 

Strumica and Radoviš in the Strumica-Radoviš 

Basin, Štip in the Ovče Pole-lakaviška area, Sv. 

Nikole in Ovče Pole Basin, Probištip, Vinica and 

Kočani in the Kočani Basin, Berovo and Pehčevo in 

Berovo Basin, Delčevo in Delčevo Basin, Kumanovo 

in Kumanovo Basin, Kriva Palanka in Kriva Palanka 

area, Kratovo as a separate location and Kruševo as 

mountainous area. It is obvious that the larger 

spatial units of 500-1000 km2 are without the 

presence of urban settlement. Typical examples are 

the territories of the Mariovo area, areas along the 

Babuna and Topolka rivers, Demir-Hisar area, 
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Debarca Basin, Poreč area, the area of Lakavica, 

Kozjačija area etc. In some of these areas, settlements 

in the range of community centers have been 

developed, but they are not satisfactory in the 

context of the needs and opportunities that are 

characteristic of the corresponding areas. 

Transportation connections 

Urban settlements in Macedonia are 

interconnected with relatively good road network 

because the roads are in the rank of motorways, 

highways and two-way roads. 

However, so¬me tra¬vel dis¬tan¬ces that would 

be more functional haven’t been constructed yet, for 

example as on the rela-tion Skopje, Prilep, Veles, 

Debar-Kičevo and others.  

There are a large number of roads with local 

significance. Many of them have been modernized 

so that about 80 % of settlements with town status 

are connected by asphalt roads (Markoski, 2006). 

Economic and functional characteristics of 

settlements in the Republic of Macedonia 

According to theoretical and empirical procedures 

for economically-geographical regionalization, the 

homogeneous principle, functional orientation and 

administrative-functional organization of space, the 

economic-functional concept best reflects and 

objectively explains the regional geographical 

differences and similarities of the geographic 

environment (Daskalovski and Markoski, 1996). 

Based on the application of economic functional 

concept through extensive research of populated 

areas, based on literary sources, surveys on how the 

settlements are equipped, and the direct knowledge 

of the territory of the Republic of Macedonia, the 

functional significance of space and the hierarchy of 

central settlements has been properly deter-mined. 

The analysis is based on four sets of criteria: 

First set of needs: 

Daily service-supplying needs 

• Opportunities for supply of nutrients, 

• Compulsory primary education, 

• Primary health protection, 

• Lack of local community office, 

• Postal services, 

• Services and opportunities for cooperation 

with agricultural associations, 

• Additional needs (cultural entertainment, 

hospitality, tourism). 

A second group of needs: 

Providing unusual products and services 

• Supplying of a variety of consumer goods 

(textiles, footwear, hardware, clothing, etc.) 

• Specialist health services and medicines, 

• Financial services (bank branches), 

• Veterinary service, 

• Police station, 

• Auto mechanic services and gas station, 

• Possibly a motel or hotel. 

A third group of needs 

Services from higher level 

• Secondary Education, 

• Hospital services, 

• Chain stores or malls with specialized stores 

(furniture, appliances, etc.), 

• Basic judicial and legal needs. 

Fourth group of needs 

The presence of institutions of higher rank 

• University education, 

• Sub specialized clinical and hospital services, 

• The highest judicial authorities and services, 

• Presence of various cultural institutions 

(theaters, opera, daily press). 

The application of these criteria is the basis for 

determining the economic functional significance 

and hierarchy of the central settlements, but also the 

basis for pointing and selection of new suburban 

centers for enlargement of the functional areas of 

influence in space (Panov, 1993). 

Gravitational tendencies and population 

trends 

According to the physical geographical features on 

the territory of the Republic of Macedonia and the 

imminent geographical location of settlements, 

traditionally there existed certain gravitational 

movements of population towards the closest 

settlements characterized by larger centrality and 

where more service supplying, educational, health and 

other types of objects could be found. According to 

these criteria, gravitational movements of the 

population, apart from others, is another factor for 

determining the level and the significance of urban 

settlements and for the selection of settlements that 

should be local administrative territorial centers. 

Categorization of settlements and selection of 

local centers 

According to the economic and functional 

features of settlements, there are several hierarchical 

levels of urban and local centers: state, regional, 
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borough, district, oblastni, communal (all urban 

areas), semi-urban (settlements with about 5.000 

inhabitants, with a proper geographical centrality, 

presence of a linear and institutional infrastructure, 

a larger proportion of the population working in the 

primary sector, i.e. agriculture, farming, forestry, 

and less in the secondary activities) and local centers 

(villages with greater centrality in the area, 

equipped with basic services (commercial, 

educational, health, cultural, etc.) objects (Table 1). 

Table 1 Review of settlements according to the economic characteristics of the functional urban and other 

settlements in Republic of Macedonia 

Economically  

functional importance / center 

SETTLEMENTS 

 

State Skopje 

Regional Bitola, Štip 

Borough Kumanovo, Ohrid, Prilep, Tetovo 

District Veles, Gevgelija, Gostivar, Kavadarci, Kičevo, Kočani, Strumica 

Communal Berovo, Valandovo, Vinica, Delčevo, Debar, Kriva Palanka, Kratovo, Kruševo, 

Negotino, Probištip, Radoviš, Resen, Sveti Nikole, Struga 

Semi-urban Brod, Bogdanci, Gradsko, Demir Kapija, Demir Hisar, Kamenica, Krivogaštani, Novo 

Selo, Pehčevo, Rostuše, Star Dojran, Topolčani 

Local Vratnica, Tearce, Želino, Kamenjane, Negotino (Pološko), Mavrovi Anovi, Centar 

Župa, Lukovo, Oslomej, Izvor, Belčišta, Vevčani, Krani, Carev Dvor, Capari, Bistrica, 

Bač, Novaci, Dobruševo, Kukurečani, Sopotnica, Dolneni, Crnilišta, Žitoše, Bogomila, 

Izvor, Naselba Čaška, Samokov, Dolno Sonje, Bojane, Kondovo, Kučevište, Lipkovo, 

Miladinovci, Petrovec, Katlanovo, Trojaci, Vitolište, Staravina, Konopište, Drenovo, 

Rosoman, Lakavica, Lozovo, Karbinci, Obleševo, Zletovo, Klečevce, Rankovce, 

Zrnovci, Blatec, Trsino, Podareš, Vasilevo, Bosilovo, Kukliš, Trabotivište 

 

According to data in Table 1, it is evident that 

urban settlements in the Republic of Macedonia are 

categorized into five levels: cities with national 

importance, regional, district, community and 

municipal center. Towards the state center, the 

population from the whole territory of the Republic 

of Macedonia (Markoski and Madzević, 2001) 

gravitates; towards Bitola regional center, there 

gravitates the population of the south-western region 

and towards the Stip regional center the population 

of the eastern region of the Republic of Macedonia. 

Significantly smaller daily migration flows are 

toward the district, community and municipal 

centers. However, for illustration, the areas of urban 

influence cover in average around 900 km2.  

This means that towns in the Republic of 

Macedonia are rarely and unevenly disseminated.  

It is obvious that in the urban network in the 

Republic of Macedonia there should be other centers 

with urban or at least suburban character. 

So, if we pay more attention to the development of 

semi-urban settlements (Brod,  Bogdanci, Gradsko, 

Demir Kapija, Demir Hisar, Kamenica, Krivogaštani, 

Novo Selo,  Pehčevo, Rostuše, Star Dojran, Topolčani), 

the size of areas of urban influence would be reduced 

to about 650 km2 per settlement. 

If we consider the primary service supplying 

(Vrišer, 1990) needs of the population, which are 

daily necessities in modern life conditions, in the 

settlement network of the Republic of Macedonia, 

there is a great need for the development of other 

centers (certainly those of lower economically 

functional rank). In the conditions of settlement net-

work in Macedonia, as the most suitable local centers, 

development of the following settlements should be 

emphasized: Vratnica, Tearce, Želino, Kamenjane, 

Negotino (Pološko), Mavrovi Anovi, Centar Župa, 

Lukovo, Oslomej, Izvor, Belčišta, Vevčani, Krani, 

Carev Dvor, Capari, Bistrica, Bač, Novaci, Dobruševo, 

Kukurečani, Sapotnica, Dolneni, Crnilišta, Žitoše, 

Bogomila, Izvor, Naselba Čaška, Samokov, Dolno 

Sonje, Bojane,Kondovo, Kučevište, Lipkovo, 

Miladinovci, Petrovec, Katlanovo, Trojaci, Vitolište, 

Staravina, Konopište, Drenovo, Rosoman, Lakavica, 

Lozovo, Karbinci, Obleševo, Zletovo, Klečevce, 

Rankovce, Zrnovci, Blatec, Trsino, Podareš, Vasilevo, 

Bosilovo, Kukliš, Trabotivište (self-analysis). With 

their pro-active involvement in the network of urban 

and suburban centers, the area of influence per one 

settlement in the Republic of Macedonia would be in 

average around 250 km2 or covering the territory 

within a radius of 90-10 km. It provides an easy daily 

migration with traditional and contemporary forms 

of transportation. In that case, the average area of 

functional influence of each urban center would 

encompass the population of about 15 settlements. 
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Fig. 1 Distribution of towns in the Republic of Macedonia (with blue circles are designated the extent of 

the urban gravitation areas) 

 

Fig. 2 Distribution of urban and suburban centers in the Republic of Macedonia (with blue circles are 

designated the rural gravitation areas, and with green circles local gravitation areas) 

Thus, the territorial distribution of the 

population in the Republic of Macedonia would be 

substantially more even, the usage of natural 

resources more rational, and the safety of living of 

the population higher. 

The above-mentioned theoretical methodological 

approach is the basis for further detailed analysis 
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and approaches to economic, demographic and 

regional planning, which is based on our own 

research. It is normal to expect other more complete 

modalities in the development of the network of 

urban settlements in the Republic of Macedonia. 

Conclusion 

The Republic of Macedonia covers the territory of 

25713 km2. There are 29 towns and 1750 villages. 

This means that they cover in average about 900 

km2 gravitational territory and about 60 village 

settlements. Such situation is not adequate for the 

territorial development in the country. In the 

meantime (the 80s and 90s of the 20th century), with 

the progress of the processes of industrialization and 

urbanization, part of the settlements (villages) have 

been modernized with a diverse line and 

institutional infrastructure, so they obtained 

characteristics of suburban centers and have their 

own local gravitational field. That is why, beginning 

with the administrative territorial organization from 

2004, 29 Municipalities were established based in the 

city, 9 Municipalities within the capital city of 

Skopje and 46 Municipalities located in suburban 

and rural centers (i.e. a total of 84 municipalities). 

According to our study (in accordance with the 

stated criteria) the Republic of Macedonia should 

have at least 97 centers of Municipalities (not 

including the cities Municipalities) from which, 

according to the economical and functional 

importance 1 stands out as a country’s center (the 

capital City of Skopje), 2 are regional centers, 4 

borough centers, 7 district centers, 15 communal 

centers, 11 are suburban centers and at least 57 must 

be local rural centers. In that way, each Municipality 

would cover an average area of about 250 km2 or a 

territory within the radius of 9–10 km and about 15 

settlements in its composition (about 150 villages are 

entirely depopulated). That means that increased 

functionality in the regional development, since the 

daily migration is enabled with traditional as well as 

modern means of transportation.  

In that case, in the Republic of Macedonia we 

would be able to achieve a more equitable 

distribution of the population, more rational use of 

natural resources, higher productivity, more reliable 

ways of living of the population, more appropriate 

regional, spatial and urban planning and a number 

of other advantages. 
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Abstract 

On the territory of the Serbian part of Banat there are 

registered 9 internationally important bird habitats 

(Importan bird areas-IBA), which are an important 

resource of bio diversity, but also a significant 

market potential that can be marketed through 

tourism. The paper is based on Hilary du Cros 

model evaluation and analyses the tourism sector 

and management of IBA sites, investigating to what 

extent they are attractive to activate the tourism 

industry. In this way, we established utility value of 

IBA habitats with emphasis on qualitative and 

quantitative characteristics of subindicators. 

Keywords: IBA areas, tourism, biodiversity, Banat, 

birdwatch 

Rezumat. Evaluarea turistică a ariilor 
afifaunistice importante din Banatul Sârbesc 

Pe teritoriul Banatului Sârbesc au fost inventariate 9 arii 

importante cu habitate pentru păsări (arii avifaunistice 

importante - AAI), care reprezintă o resursă importantă 

pentru biodiversitate, precum și un potențial economic 

semnificativ care poate fi valorificat prin turism. 

Studiul de față se bazează pe modelul de evaluare 

propus de Hilary du Cros și analizează sectorul 

turismului și managementul siturilor AAI, investigând 

în ce măsură sunt atractive pentru industria turismului. 

Astfel, am stabilit valorile de utilitate pentru habitatele 

IBA, punând accent pe caracteristicile calitative și 

cantitative ale subindicatorilor. 

Cuvinte-cheie: arii AAI, turism, biodiversitate, Banat, 

birdwatch 

 

Introduction 

The protection and development of areas that are 

of international importance such as Biosphere 

Reserve, wetlands of international importance - 

Ramsar sites, areas of importance for the Protection 

of Birds - IBA (38 areas), areas of Green Belt network 

and cross-border areas (10 areas) are of great 

importance for the Republic of Serbia. ‘’In February 

2004, at the seventh meeting of the Conference of the 

Convention on Biological Diversity Parties, 188 

countries, including Serbia, have made a huge step 

towards the protection of the global biological 

diversity through the Program of Work on Protected 

Areas. In the existing strategic plans (Spatial Plan of 

the Republic of Serbia, National Environmental 

Protection Programme, Strategy of spatial 

development of the Republic of Serbia), it is 

stipulated that the network of protected areas 

should be expanded to at least 10% of the territory, 

while preliminary plan states that area under 

ecological network should be up to 20% of the 

Republic territory” (Porej at all, 2009).  

As part of ICB (International council for birds 

presentation), in 1989 ,,Important bird areas” (IBA) 

paneuropean program was started . As of 2009, 

nearly 11,000 sites in some 200 countries and 

territories have been identified as Important Bird 

Areas (www.birdlife.org). The territory of Serbia is 

very heterogeneous biogeographically, with 

greatecological variety; consequently, the diversity 

of birds and their habitats in relation to the size of 

the country is among the largest in Europe. 

 In 2009, in Serbia 42 IBA areas were registered, 

covering 1,259,624 ha (14.25% of the total area of 

Serbia). In Serbian province Vojvodina, 22 IBA areas 

(www.birdwtchserbia.rs) are located. 

Materials and methods 

“Strong sustainability is implied in the bulk of 

the tourism-environment and sustainable tourism 

development literature. This is a demanding 
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guiding principle. It is suggested that the 

development of destinations may easily be 

characterized by significant spillover effects over 

time” (Collins 1998).  

Natural geographic attractions in the last few 

decades has become a very important component in 

constituting the attractiveness of tourism 

destinations. For example, a modern way of life, 

based on technology and a relative alienation from 

nature, has influenced a lot of people (potential 

tourism users) to visit protected natural habitats. 

What also contributes to this type of tourism is the 

fact that because of the great impact of economic 

crisis in the past few years, more people are looking 

for “cheaper forms of tourism” which comprise 

visits to protected areas, local mountain tourism, 

rural tourism and other similar aspects of tourism. 

The emphasis is put on those geomorphological, 

hydrological and protected values which have the 

biggest potential for tourism development. Some of 

them have already been successfully capitalized and 

are recognisable on tourist market, whereas it is not 

the case with others yet. 

As a result, a considerable number of tourist 

studies have been carried out in diverse natural 

geographic attractions (Collins 1998, Bateman, 

Turner,1993; Prentice at all 1998; Deng at all 2002; 

Chhabra at all, 2003; Bjeljac at all, 2009; 2012; Mayer 

at all, 2010; Brankov, 2010; Venkatachalam 2004), 

tourism evaluation of IBA areas, a modified Hilary 

du Cros model was used (the model is primarily 

made for the evaluation of cultural heritage sites) 

(Bjeljac at al, 2012; Cros 2000; 2001; Li,and Lo 2004; 

Stanojlovic at all 2010). The model evaluates tourism 

and management of natural heritage sites, as well as 

the capacity of a natural asset to receive visitors It 

values two basic sectors – tourist sector (Table 1) 

and the sector of heritage management (Table 2), 

through a series of cultural and touristic 

subindicators, adapted for thefeatures and main 

characteristics of natural resources. For every 

analysed subindicator, a valuation scale has been 

founded, whereas scoring has been conducted 

numerically. Based on the conducted valuation, the 

„matrix of market appeal/robusticity” has been set 

up and later on, for each natural resource and 

antropogenetic properties, depending on its score 

within scoring process there was alloted one of the 

cells of the matrix. 

The purpose of the paper is to establish, by 

tourism evaluation, the market (tourism) 

attractiveness and the capacity of nine IBA areas 

with the aim of establishing the significant sub-

indicators and market activation in the form of 

tourism offer within the Serbian part of Banat and 

Vojvodina province. 

Table 1 Subindicators of valorisation 

Tourism sector  

Market appeal  

Natural ambiance 0-5 

Well-known outside local area 0-5 

Significant national symbol 0-5 

Can tell an „interesting“ story  0-5 

Has some aspect to distinguish it clearly from 

nearby assets or attractions 
0-5 

Appeals to special needs 0-5 

Complements other tourism products in the 

area/region/destination 
0-5 

Tourism activity in the region 0-5 

Destination associated with nature 0-5 

Product design needs  

Accessibility 0-4 

Transport 0-3 

Number of attractive natural values nearby 0-5 

Service benefits 0-5 

Source: Bjeljac, at all, 2012 

Table 2 Subindicators of valorisation 

Natural heritage management  

Natural significance  

Educational value  0-2 

Scientific potential / research value  0-2 

Rareness on destination/region 0-3 

Representativeness 0-4 

Robusticity  

Fragility 0-4 

Management plan or policy in place 0-5 

Regular monitoring and maintenance 0-5 

Potential for ongoing involvement and consultation of 

key stakeholders 
0-5 

Possibility of negative impacts of high visitation on 

physical state 
0-5 

-II- on the lifestyle of local community 0-5 

Possibility of modifications (as part of product 

development) to have no negative impacts on physical 

state 

0-5 

Source: Bjeljac, at all, 2012 

1) Pašnjaci velike droplje (Great Bustard Pastures). 

This special nature reserve was proclaimed in order 

to safeguard Serbia's last remaining population of 

Great Bustards (otis tarda). It is located in the 

northern Banat region, between the Tisza river and 

the Romanian border. Ornithofauna includes about 

170 species. Bustard is the candidate for the Red 

Data Book of birds of the world, and is on the 

preliminary list for the Red List species of 
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vertebrates Serbia and protected by law as a natural 

rarity in Serbia (Puzović at all, 2009; 

www.birdwtchserbia.rs)  

2) Stari Begej – Carska Bara (Old Begej river-Imperial 

bar) is a Special Nature Reserve between the Tisza 

and Begej rivers, to the south-east of the town of 

Zrenjanin. There are 370 species, sorts and forms of 

plankton algae recorded here (16). This site is 

remnant of the once flooded area in the low stream 

of the Begej River and is rich in fishponds, swamps, 

marshes, forests, meadows, steppes, rivers, and 

canals. Dominant types of vegetation are salt-

tolerant communities and steppe vegetation. Of the 

250 recorded bird species, 140 species nest at the site 

and 100 pass through on migration. Human 

activities include recreation, bird watching sport 

fishing, and some traditional agriculture. There is an 

important commercial fishery nearby (Bjeljac at all, 

2012). 

3) Dеliblаtskа pеščаrа (Deliblato Sands) the biggest 

sands in Europe, so colled ,,European Sahara'', once 

part of a vast prehistoric desert. It is a Special 

Nature Reserve bordered by the Danube, Tamis and 

Karas rivers. Of the 150 recorded bird species that 

nest at the site, it is worth mentioning rarities such 

as European Molerats, Marbled Polecats and at least 

three packs of Grey Wolves 

(www.birdwtchserbia.rs) 

4) Slano Kopovo is a Special Nature Reserve in the 

north-western part of Banat, close to the town of 

Novi Bečej and the Tisza river. The site, left over 

from the draining of an ancient meander of the Tisza 

River, is a rare and representative example of salt 

habitats;it also presents, on its eastern side, a smaller 

freshwater depression. It is one of Serbia's most 

important bird habitats and regularly supports more 

than 20,000 water birds, breeding and migrating. 

The area is threatened by a decrease in water level, 

as the drying up of the depressions during summer 

and autumn is becoming more frequent, caused 

chiefly by the development of a channel web and 

dam construction on the Tisza which has lowered 

the level of the underground waters. Other negative 

factors are ploughing of pastures, use of chemicals 

and artificial fertilizers for agriculture. Human 

activities include regulated hunting, livestock 

husbandry, agriculture, and the use of mud for 

curing ailments. There is a high potential of 

scientific research and conservation education. 

Church remnants from the 9th-11th centuries exist 

on site. Conservation priorities concern the 

sanitation and improvement of the water regime 

(Bjeljac at all, 2012). 

5) Vrsac mountain Owing to the diversity and 

relative preservation of native habitats, the animal 

life is very diverse. The approximately 130 species of 

bird are of particular significance, of which 90 are 

nesting. Because of the unique position of the Vršac 

mountain in the Banat plain, its diversity of plant 

life, its rich woodland habitats and its beautiful 

landscape and views, a large part of the forests on 

this mountain was protected as a nature park. There 

are also a large number of cultural and historical 

sites here, among the most significant being the 

remains of the Vršački Grad, a mediaeval 

fortification from the 14th century, the Mesić 

monastery from the 16th and others. (Puzović at all, 

2009; www.birdwtchserbia.rs) 

6) Labudovo Okno Special Nature Reserve. 

Marking the southern margin of the Pannonian 

Plain, the site encompasses an important stretch of 

the Danube and adjacent areas as well as the Nera 

River to the border with Romania. Following the 

construction of the Iron Gate reservoir, the Danube 

water level rose and the river flow slowed down, 

causing the flooding of many river islets, lower 

coastal parts, and lagoons along the southern areas 

in the Deliblatska Sands and created new aquatic 

and wetlands habitats. Permanent rivers and 

freshwater marshes are the main wetlands types, 

comprising diverse aquatic and wetland 

communities as well as wet meadows and steppe 

pastures along the riverbanks. Shallow waters of the 

Danube provide an ideal spawning area for many of 

the 50 supported fish species. Besides the strict 

protection zone and small-scale forestry mainly on 

river islets, the site is mainly used for agricultural 

activities based on cattle and sheep grazing. There 

were recorded 220 bird species (Bjeljac at all, 2012; 

Puzović at all, 2009).  

7) Okanj and Rusanda Lakes is a highly saline, 

shallow wetland in the Vojvodina province. This 

lake is one of the last remaining natron lakes in 

Serbia and probably the saltiest one of all in the 

whole of Pannonian plains. Rusanda Lake has a C-

shape and is surrounded by agricultural plough 

land, pastures and extensive reed-beds, while in the 

centre of the ellipse there are orchards and 

vineyards with cottages. A total of 210 bird species 

were found during the recent and historical research 

on the site. The lake itself is an outstanding 

migratory stopover site for dozens of species. The 
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spa in settlement Melenci offers medical treatment 

tradition based on mineral peloid, which is 

considered as one of the most sanative muds in 

Serbia. The spa is located on the shore of Rusanda 

lake. (Puzović at all, 2009; www.birdwtchserbia.rs) 

The Tamis river in Serbia is 118 km long, and along 

this stream there are large areas of wetlands, 

dynamic water surfaces, along with numerous 

oxbow lakes, inlets, swamps, depressions, wetland 

pastures, alluvial forests, as well as fishponds, 

mosaic-like agricultural land and picturesque rural 

land. This region holds two internationally 

important bird areas: 8) Upper Tamis (where is 

recorded 150 bird species) and 9) Lower Tamis (with 

180 bird species) (www.birdwtchserbia.rs). 

Discussion and results 

Based on the conducted evaluation, within the 

modified method, two groups stand out. The first 

group comprises indicators for tourism sector 

evaluation (tourist attractiveness and the factors 

important for the design of tourism products). The 

scoring comprises: low value (0-18 points), medium 

value (19-37 points) and high value (38-55 points) 

(Table 1). 

Table 3 Sub-indicators of valorisation and scoring 

board - Tourist sector 

 1) 2) 3) 4) 5) 6) 7) 8) 9) 

Natural ambience 1 5 5 3 5 2 2 1 1 

Well known outside 

local area 

4 5 4 5 3 3 1 1 1 

Significant 

natonal symbol 

2 5 5 3 5 3 3 2 2 

Can tell a story 5 5 5 5 4 4 5 3 2 

Assets  2 2 4 1 4 1 4 2 2 

Special needs 2 4 3 1 5 1 4 1 1 

Complements another tourism 

products in the area 

3 5 3 3 4 2 5 2 2 

Tourism 

activity in the region 
5 5 5 3 4 2 2 1 1 

Destination associated with nature 3 5 5 5 5 5 3 4 4 

Product design needs          

Accessibility 3 4 3 4 4 2 4 3 3 

Transport 2 3 2 3 2 2 3 3 3 

Number of Attractive natural 

values nearby 

3 3 3 2 4 2 3 2 2 

Service benefits 1 3 2 2 3 1 3 1 1 

Total 33 47 44 37 48 28 39 2

5 

2

5 

Source: Public opinion poll, by Zeljko Bjeljac, Jovana 

Brankov, Nevena Curcic 

Carska Bara, Vrsac mountain and Deliblato sands 

are well-known outside the local community for their 

characteristics, and together with Slano Kopovo are 

important national landmarks because they represent 

an area with diverse bird species and biodiversity 

which can be found only in the observed areas, and 

these features make them unique when compared to 

other habitats. With their bio-geographic and 

anthropogenic surroundings, the mentioned habitats 

along with Rusanda and Okanj lakes can "tell" an 

excellent story which would be interesting for 

visitors. Being the protected areas with numerous 

regulations, the observed areas are not so attractive 

for mass activities, such as organising tourism events 

and educational camps, so these events are possible 

with supervision in bordering areas and areas outside 

the boundary of the protected zones. Carska Bara, the 

Vrsac mountain, Deliblato sands, and Rusanda lake 

possess a certain degree of complementarity with 

other tourism products in the destination, i.e. in the 

region (event tourism, eco-tourism, excursions and 

weekend tourism, educational, cultural tourism 

/archaeological sites, old fortresses, sacred sites, 

hunting, fishing, photo-safari and bird watching 

tourism). Tourist activity in the IBA areas is stronger 

and more organised, especially in the area of Carska 

Bara and Vrsac mountain, where municipal tourism 

organisations of Zrenjanin and Vrsac, as well as the 

Tourism Organisation of Vojvodina have a great role 

in the promotion of these natural heritage sites. The 

situation is similar for Rusanda lake, Deliblato sands 

and Slano Kopovo, where there is some tourist 

activity in the region. The vicinity of big cities like 

Belgrade, Novi Sad and Zrenjanin, and border areas 

of Romania, good accessibility are a particular 

advantage for the development of several forms of 

tourism, including rural and eco-tourism destination 

around IBA areas Stari Begej – Carska bara (kastel 

Ecka, etno haus in Belo Blato, fishpond Ecka, town 

Zrenjanin - cultural tourism, tourist event ,,Days of 

beer” - main road between Szeged – Belgrade-

Timisoara) Vrsac mountain , Deliblato sends (Town 

Vrsac cultural tourism, tourist event ,,Vintage days”). 

The main objective of special natural values is to 

implement regulations defined by law and national 

policy for the protection of special natural values, 

biodiversity and nature areas of outstanding 

features. Except Okanj and Rusanda lakes, Upper 

and Lower Tamis all IBA areas are regulated as 

areas of special use by spatial plans. In this segment, 

it is also evident that there is a conflict between 

planning documents and legal regulations at the 

system level.  

 

http://www.birdwtchserbia.rs/
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Table 4 Sub-indicators of valorisation and scoring 

board- Natural heritage management 

 1 2 3 4 5 6 7 8 9 

Educational value  2 2 2 2 2 2 1 1 1 

Scientific potential/ research value  2 2 2 2 2 2 2 1 1 

Rareness on destination/ region 3 3 3 3 3 3 2 1 1 

Representativeness 2 4 4 3 4 2 1 1 1 

Robusticity          

Fragility 1 1 1 1 1 1 1 1 1 

Management plan  1 4 4 3 4 2 1 0 0 

Regular monitor and maintenance 2 5 4 4 4 4 1 0 0 

Potential for ongoing involvement 

and consultation of key 

stakeholders 

1 2 2 1 2 1 1 1 1 

Possibility negative impacts  3 2 2 2 2 2 2 2 2 

-lifestyle of local community 3 3 3 3 3 1 3 3 3 

Possibility of modifications to 

have no negative impacts  

1 2 1 1 2 1 1 1 1 

Total 21 30 28 25 29 21 16 12 12 

Source: Public opinion poll, by Zeljko Bjeljac, Jovana 

Brankov, Nevena Curcic 

Regulatory monitoring and maintenance are 

present because the Institute of Nature Protection of 

Vojvodina has been engaged in the development of 

guidelines for the necessity of following certain 

regulations and permitted activities. A potential 

negative impact of large number of visitors on the 

physical conditions of protecting natural heritage 

sites on the IBA areas is high. According to scientific 

research (16), tourism and recreation, hunting and 

fishing belong to 17 risk factors (disturbing the 

birds, poaching, spreading of infrastructure, illegal 

construction, etc.), especially in the Great Bustard 

Pastures area, where the level of risks is extremely 

high. In other areas, they are evaluated as medium 

risk. There is a possibility of modification as part of 

product development which would not have a 

negative impact on the physical conditions of IBA 

areas, but it is minimal and depends on the degree 

of following regulations in protected zones and 

management, which influences life in the local 

community where there have already happened 

negative impacts, with the spreading of agriculture 

and disturbing the uniqueness of the habitat.  

Tourism evaluation shows that in the Stari Begej 

– Carska Bara (47/30), the Vrsac mountain (48/28) 

and Deliblato sands (44/29), the level of market 

attractiveness is high, whereas the value of natural 

heritage management is medium. The mentioned 

heritage sites are in the matrix М (2, 3) - medium 

value for indicators of significance/ capacity and 

high market attractiveness, which means that the 

areas are appropriate for tourism development in 

the destination and represent a significant element 

of tourism offer of Banat. Slano Kopovo (37/25), 

Labudovo Okno and Great Bustard Pastures (28/21) 

are in the matrix M (2, 2) - medium value for 

indicators of significance/ capacity and medium 

market attractiveness, i.e. they lack a quality 

promotion method. Okanj and Rusanda lakes 

(39/16), Upper Tamis (25/12) and Lower Tamis 

(24/12), are in matrix M(2,1) medium value of 

indicators significance / low robustness and 

attractiveness of the market), which means they 

have tourism potential but unexploited market. 

All IBA areas in the Serbian part of Banat should 

be a constant subject of interest of tourism workers 

and experts in the Institute of Nature Protection of 

Vojvodina in order to define a purposeful 

marketable product and determine the optimal 

number of visitors from the aspect of sustainable 

tourism development (caring capacity). 

Numerous natural and anthropogenic tourist 

values, which characterize protected objects, enabled 

the development of several types of tourism: 

ecotourism, day-tourism recreation, excursion, 

hunting, manifestation etc. Recreational forms of 

tourism activities are mostly present although the 

protected objects, thanks to their status, are predicted 

for the development of other forms of tourism which 

are based on ecologic principles. Recently, the 

development of ecotourism has been emphasized as a 

part of the concept of sustainable development. 

Ecotourism has to draw attention to the 

interdependence between the protected nature and 

tourism as a human activity. It is gravitated towards 

the respect of the principles of protection which needs 

to be carried out on these areas, and then to 

organization of visits which will not endanger natural 

characteristics. The activities of ecotourism are 

temporarily mainly present in the initial forms of 

development, with the tendency towards 

improvement. Therefore, in some objects they have 

already represented important factor of tourist offer 

(for example in Carska bara) (Brankov 2010). 

The organization of tourist movement, which 

will put proper relationship towards natural values 

on the first place, is necessary as it became evident 

that recent mass visits have had negative impact on 

nature of protected goods. Hence, tourism has 

become a factor of degradation of environment. 

Because of the high risk imposed to their 

ecosystems, it was suggested that these objects 

should be excluded from the zone of protection. 

Therefore, ecotourism has the best perspective for 
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development in the scope of protected objects, and 

its organization should contribute to the 

improvement of balance between the protection of 

nature and the use of these goods by visitors. 

Conclusion 

Protected natural habitats represent a very 

important category in natural and ecological, as well 

as many other social interests (economic, welfare, 

etc.), not only in the country, but also in the wider 

area - taking into account big regions and unions of 

the countries which have these common interests. 

Today, most modern countries have recognized the 

significance of natural habitats and use important 

institutional efforts to support protection and 

efficient usage. This does not only refer to a mere 

usage of natural resources, i.e. exploitation, which is 

in conflict with the preservation of natural habitats 

and ecology, but also to the identification of 

intangible assets which can contribute to economic, 

welfare and other social purpose.  

Based on the research, we have come to a 

conclusion that the observed bird habitats are 

important elements in the visits of domestic and 

international tourists, above all, due to natural and 

geographical features and ornithological diversity 

(Vrsac mountain, Stari Begej-Carska bara, and 

Deliblato sandy terrain). The evaluation of sub-

indicators has shown that it is necessary to dedicate a 

special attention to the sustainability of the area, with 

moderate number of visits which will decrease the 

risk of degradation and destruction. The process of 

conservation must be more regular and solely the 

result of the expert assessment who will determine, in 

a competent way, the fulfilment of the necessary level 

of capacity and determine the periods of 

revitalization. The values of sub-indicators show that 

it is necessary to promote habitats in the quality way, 

which comprises a selective application of 

promotional instruments. Taking into account that all 

observed habitats are on the territory of AP 

Vojvodina (the northern part of Serbia), where big 

emissive tourism centres are up to a three hours drive 

away by road, i.e. in the zone of half-day or one day 

excursions, and parts of neighbouring countries 

(Hungary, Croatia, Romania) are in the weekend 

tourism zone, they can be treated as special tourism 

destination entity. The basic aim of tourism activation 

of wetland habitats (which originally do not represent 

a special tourism value) is to professionally and with 

expertise present and place certain tourist "packages" 

bringing utilization value, and tourism offer gets a 

resource which encourages tourist movements. In this 

sense, the most important IBA areas are Vrsac 

mountains (Serbia) and the Almajand 

LocvaMountians, which rely on each other and they 

can present cross-border nature park. 
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Abstract 

The paper analyses the climatic and agroclimatic 

conditions during the spring of 2011. Although the 

climatic global warming process continues, in some 

years, the climatic evolutions are atypical in Oltenia as 

well as in the entire country, and, consequently, the 

spring of 2011 was cold and droughty. Compared to 

the last 12 springs, the thermal regime indicates that 

the spring of 2011 was unique, and the pluviometric 

regime that it was droughty, although the agricultural 

crops were not affected due to the lower thermal 

regime that maintained a satisfactory degree of the 

soil humidity. The late spring hoarfrosts on 7 and 8 

May have also had damaging effects in Oltenia. In 

consequence, there were some stagnation periods for 

the agricultural crops, and some important delays for 

the vegetables crops, and there were significant 

damages in the places where the seedlings were 

removed in the field. As a consequence of the thermal 

variations, there have been some diseases and pests, 

especially Monilinia laxa in stone fruits. Although the 

periods of weather cooling are considered beneficial 

to the climate general evolution on the planet, if they 

appear in the late spring, they represent an important 

climatic risk factor. Thus, their forecast is welcome 

especially for the agriculture. This paper is useful for 

the Ph.D. and master graduates and to all the 

researchers in the climate and agroclimate field. 

Keywords: monthly temperature means, Hellman 

criterion, cold spring, spring phenomena, vegetative 

processes 

Rezumat. Condițiile agroclimatice din Oltenia în 
primăvara anului 2011 

În lucrare sunt analizate condiţiile climatice şi 

agroclimatice din primăvara 2011. Deşi procesul de 

încălzire climatică globală continuă, în unii ani 

evoluţiile climatice în Oltenia ca şi în întreaga ţară 

sunt atipice, astfel primăvara 2011 a fost rece şi 

secetoasă. Unică sub aspect termic, în şirul ultimelor 

12 primăveri, iar sub aspect pluviometric a fost 

secetoasa în toată regiunea, deşi culturile agricole nu 

au avut de suferit datorită regimului termic, mai 

scăzut decât cel normal, care a dus la menţinerea 

gradului de umiditate în sol la un nivel satisfăcător. 

Brumele târzii de primăvară apărute în datele de 7 şi 8 

mai au avut efecte distructive în Oltenia. Ca urmare 

culturile agricole au avut perioade de stagnare, iar la 

culturile de legume s-au produs întârzieri importante 

pentru perioadele de înfiinţare, iar acolo unde 

răsadurile au fost scoase în câmp s-au înregistrat 

pagube importante. Ca urmare a variaţiilor termice au 

apărut o serie de boli şi dăunători şi în special 

monilioza la speciile de sâmburoase. Perioadele de 

răcire a vremii, deşi considerate benefice pentru 

evoluţia generală a climatului pe planetă, dacă survin 

primăvara târziu sunt factor important de risc 

climatic. De aceea prognozarea lor este binevenită în 

special pentru agricultură. Lucrarea este utilă 

doctoranzilor masteranzilor şi tuturor cercetătorilor în 

domeniul climei şi agroclimei. 

Cuvinte-cheie: medii lunare de temperatură, criteriul 

Hellmann, primăvară rece, fenomene de primăvară, 

procese vegetative 

 

Introduction 

The bioclimatic conditions are interconditioned by 

the climatic conditions during the spring, all of them 

influencing the ecosystems, including the economy 

and society. It is known that, in the last 30 years, the 

frequency of the early springs has increased, notably in 

the south-west of the country (Oltenia), but also in the 

entire country as well as at the level of the European 

continent. The cold and normal springs have been 

increasingly rare. It should be noted that the spring of 

2001 was cold, and some climatic records were 

registered. The effect of the little early (LE) spring 

mailto:ionmarinica@yahoo.com
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arrival on the vegetation- its small development, was 

cancelled out by April and May, which were cold 

months with low thermal regime. In the spring of 2011, 

the climatic conditions hardly returned to more normal 

levels in the second decade of May. We will further 

analyze the climatic conditions of the spring of 2011. 

This analysis is a continuation of a series of extensive 

studies related to the ever increasingly numerous 

climatic oscillations and risks as a follow up of the 

climatic variability in the South-Western part of 

Romania. (Bogdan, Octavia, and collaborators, 2008, 

2009, 2010, 2011) (Marinică, 2006). 

Methods 

The index of spring arrival in 2011 

The index of spring arrival is defined as the sum 

of the daily temperature average values ≥ 0°C 

registered in the period 1 February - 10 April. The 

analysis of the indexes of spring arrival registered in 

2011 and of the percent deviations from the 

multiannual means calculated for the interval 1901-

1990, revealed the following aspects: 

According to the percent deviation value (24.7%) 

from the multiannual general mean for the entire 

region, the spring arrival of 2011 was a little early 

(LE) (table no. 1). 

According to the percent deviations value from 

the multiannual means of the spring arrival index 

calculated for all the meteorological stations in 

Oltenia, a normal spring was registered in the 

extreme south of the region (the areas Dr. Tr. 

Severin, Calafat, Bechet and Băileşti) (table no. 1); a 

little early (LE) in Caracal, Craiova, Slatina Tg Jiu 

and Rm. Vâlcea, early (E) in Bâcleş, Apa Neagră and 

Polovragi and very early (VE) in Tg. Logreşti, and in 

the high mountainous area, in Parâng, excessively 

early (EE), confirming the climatic warming of the 

mountainous area (Fig. 1). 

It should be noted that the thermal inversion 

phenomenon was frequent in this winter and in the 

first two months of spring, which explains the high 

frequency of the high temperature values from the 

hilly areas. At the level of the continent, the 

atmospheric blockage circulations were frequent, the 

different positions of the circulation blockage 

favouring the cold advections from north-west and 

north on the descending part of the blockage, and 

the warm advections from south and south-west on 

the ascending part, and, thus, series of alternations 

of cold and warm weather were produced. 

Table 1 The indexes of spring arrival 2011 

(I2001; in °C) 

Meteorologic station 

 
Hm1 INormal I2011 ∆% Clas. 

Dr. Tr. Severin 77 357.4 380.3 6.4 N 

Calafat 66 343.9 350.9 2.0 N 

Bechet 65 320.7 352.4 9.9 N 

Băileşti 56 316.6 342.5 8.2 N 

Caracal 112 294.8 332.1 12.7 LE 

Craiova 190 282.5 335.2 18.7 LE 

Slatina 165 257.8 327.9 27.2 LE 

Bâcleş 309 236.3 311.7 31.9 E 

Tg. Logreşti 262 237.3 401.0 69.0 VE 

Drăgăşani 280 257.8 359.4 39.4 E 

Apa Neagră 250 234.3 319.2 36.2 E 

Tg. Jiu 210 279.5 333.8 19.4 LE 

Polovragi 546 205.6 285.2 38.7 E 

Rm. Vâlcea 243 291.1 345.9 18.8 LE 

Voineasa 587 154.5 - - - 

Ob. Lotrului 1404 - - - - 

Parâng 1585 23.0 86.5 276.1 EE 

Mean for Oltenia   255.8 327.4 24.7 LE 

Source: Data processed according to the Oltenia MRC 

Archive 

 

Fig. 1 The index of spring arrival in 2011 (°C) 

There has been registered a frequency of the days 

in which the warm air advections from the 

Transylvanian Plateau on the wide Olt Couloir was 

felt in Rm. Vâlcea and Drăgăşani and which, 

combined with the effect of the thermal inversions 

led to maximum and minimum daily values for 

                                                           
1 Hm= altitude of the meteorological station; INormal= 

Normal Index of spring arrival 
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these two stations higher than in the rest of the 

region. There were fewer warm advections on the 

Jiu Couloir, and they had a light effect due to the 

strong meandering of this gorge and its narrowness 

compared with the Olt Gorge. 

Nevertheless, the spring arrival was a little early 

(LE) in Rm. Vâlcea and early (E) in Drăgăşani which 

is emphasized by the value of the percent deviations 

from the multiannual means. 

April and May were cool, and in some periods 

even cold, which determined the extremely slow 

vegetation development and even its stagnation. 

Late hoarfrosts were registered, and between 6 and 7 

May 2011 the weather cooling led to late hoarfrosts. 

(In the north and north-east of the country, in the 

aforementioned period, the weather was excessively 

cold. Thus, on 7 May 2011, it snowed in the 

mountainous region of Suceava, Maramureş and 

Bistriţa-Năsăud counties, in the morning it snowed 

abundantly in Moldoviţa and Ulma communes, 

close to the border with Ukraine. The road traffic 

took place under winter conditions on DN17, in 

Mestecăniş pass area. Between Vatra Dornei and 

Câmpulung Moldovenesc the snow layer measured 

5 cm. The heavy cars climbed the slopes with 

difficulty because they were not equipped with 

winter tyres. It snowed on DN 17; in Palma Pass, the 

snow layer on the roadway measured 3 cm. In Straja 

and Parâng ski resorts it was snowing during this 

period, a strong wind blew, and the temperatures 

highly decreased on 7 May 2011). 

Discussion 

This interval of cool weather and associated 

phenomena practically cancelled the effect of the 

little early spring arrival (LE). 

Climatic characteristics of March 2011 

The thermal regime of March 2011  

Usually, in March the air thermal regime has 

spectacular variations passing from the wintry 

negative values to the specific warm season positive 

values. The thermal balance passes from negative 

values to positive values. In most of the years this 

change happens before the spring equinox. 

The monthly air temperature means were 

comprised between -1.5°C in Tg. Logreşti and 2.2°C 

in Dr. Tr. Severin, and their deviations from the 

multiannual means (calculated for the interval 

1901-1990) were comprised between -5.4°C in Apa 

Neagră (Gorj county) and -2.2°C in Polovragi (Gorj 

county), and according to Hellmann classification 

criterion, March was cold (CL) in most of the 

region, excepting the areas of Tg. Logreşti and Apa 

Neagră, where it was very cold (VC). The deviation 

of the monthly mean calculated for the entire 

region was -3.6°C, which classifies March as a cold 

(CL) month for the entire region (table no. 2). Until 

10 March, the daily means were negative, then they 

became positive, and the highest means were 

registered between 24 and 27 March. The smallest 

thermal means were registered on 1 and 2 March. 

The daily maximum thermal values became positive 

starting with 4 March. 

The monthly minimum air temperature values 

were registered in the first decade and were 

comprised between -14.4°C registered in Apa Neagră 

on 9 March and -7.2°C registered in Drăgăşani on 1 

March, and in Calafat in the south- west of Oltenia, 

which is usually the warmest area, the minimum 

thermal value was -13.2°C registered on 10 March. 

The monthly maximum difference of the daily 

minimum air temperatures was 25.1°C registered in 

Calafat. 

The monthly maximum air temperature values were 

registered, starting with 15 March, and most of them 

in the last decade, and were comprised between 

18.7°C, registered in Polovragi on 16 March and 

23°C registered in Calafat on 25 March. The monthly 

maximum difference of the daily maximum air 

temperatures was 25.8°C registered in Calafat, which 

means an average increase of the maximum thermal 

values with 0.8°C/day. 

The maximum difference of air temperature 

(maximum difference is the difference between 

the monthly maximum temperature in March 2011 

- monthly maximum value for the entire region - 

and the minimum temperature in the region - 

monthly minimum thermal value for the entire 

region) for the entire region was 37.4°C, reflecting 

the intensity of air warming and the important 

energetic transformations which happened in this 

month. In March 2011, 4 intervals of weather 

warming (3-6 March; 10-16 March; 22-27 March, 

29-31 March) and cooling (1-3 March; 6-16 March; 

17-22 March; 27-29 March) were registered, thus 

marking 5 significant thermal alternations (Fig. 2), 

and the linear tendency of air temperature was 

increasing. 
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Table 2 The air temperature in March 2011 and the minimum temperatures at the soil surface (°C). The 

monthly means during 2011 (M), normal (N), the deviation from the normal value (ΔT), the monthly 

minimum temperature (Tmin), the monthly maximum temperature (Tmax) and the day they were registered 

Meteorologic station Hm N.III M ∆=M-N CH 

MinT (air) MaxT (air) Min T surface soil 

(°C) 
Date  

TMin (°C) 
Date  

TMax Cm 
Date 

Cm CM 
Date 

CM 

Dr. Tr. Severin 77 5.9 2.2 -3.7 CL -8.0 8 22.1 25 -14.4 8 6.6 30 

Calafat 66 5.6 1.5 -4.1 CL -13.2 10 23.0 25 -16.2 1 7.6 27 

Bechet 65 5.4 1.4 -4.0 CL -7.9 5 22.5 15 -7.5 9 6.0 30 

Băileşti 56 5.4 0.5 -4.9 CL -11.5 8 22.4 26 -14.6 9 6.8 30 

Caracal 112 4.9 1.4 -3.5 CL -9.5 5 20.7 25 -11.0 1 6.2 17;30 

Craiova 190 5.1 1.0 -4.1 CL -10.1 1 21.0 25 -14.0 1 6.2 30 

Slatina 165 5.0 1.1 -3.9 CL -10.3 1 20.7 25 -10.4 8 5.7 30 

Bâcleş 309 4.5 1.0 -3.5 CL -9.5 9 19.5 25 -18.9 1 6.7 30 

Tg. Logreşti 262 3.6 -1.5 -5.1 VC -13.4 8 21.4 25 -12.7 9 6.2 30 

Drăgăşani 280 4.7 2.0 -2.7 CL -7.2 1 21.6 15 -10.2 2 5.0 17 

Apa Neagră 250 4.2 -1.2 -5.4 VC -14.4 9 21.8 25 -16.0 6 6.4 30 

Tg. Jiu 210 4.8 0.6 -4.2 CL -9.7 9 22.0 25 -6.5 8 6.8 30 

Polovragi 546 3.0 0.8 -2.2 CL -12.0 9 18.7 16 -18.9 9 4.0 19;30 

Rm. Vâlcea 243 5.0 1.5 -3.5 CL -8.0 8 21.7 15 -9.9 9 6.0 30;31 

Voineasa 587 2.4 0.0 -2.4 CL -10.3 10 19.3 15;25     

Parâng 1585 -3.1 -3.3 -0.2 N -14.1 8 10.7 16     

Mean for Oltenia  4.2 0.6 -3.6 CL -10.6  20.6  -12.9  6.2  

Ob. Lotrului  -2.4 -2.6 -0.2 N -10.3 10 19.3 15;25     

(Source: Data processed according to the Oltenia MRC Archive) 

Cm= The lowest minimum recorded daily on the surface (minimum monthly)  CM= The highest recorded daily minimum soil surface 
 

 

Fig. 2 The chart of the daily average temperature 

variation, daily minimum temperatures mean and 

daily maximum temperatures mean calculated for 

the entire region of Oltenia during March 2011 

(Source processed data) 

The thermal regime at soil surface registered 

important variations, passing from frozen soil in the 

first decade to unfrozen soil starting with 11 March. 

The monthly minimum thermal values at the soil 

surface were comprised between -18.9°C registered 

in Polovragi and Bâcleş on 1 and 9 March and -6.5°C 

registered in Tg. Jiu on 8 March becoming positive 

in the entire region starting with 16 March . 

As a consequence of the weather warming, the 

highest minimum daily temperatures at the soil 

surface were comprised between 4.0°C in Polovragi 

registered on 19 and 30 March and 7.6°C registered 

in Calafat on 27 March. 

The maximum thermal difference of the minimum 

values at the soil surface was 25.6°C, registered in 

Bâcleş, and 26.5°C for the entire region. 

There were various climatic phenomena during 

March 2011 which comprised snowfalls and 

blizzards, wintry phenomena, in the first decade (6-7 

March meteorological forecast of abundant 

snowfalls and wind intensifications) and warm 

season specific phenomena, rainfalls and sometimes 

heavy rainfalls and thunder. 

Snow layer. In the first 8 days of the month, the 

snow layer was compact in the entire region, and 

until 14 March it had completely disappeared. The 

maximum thickness of the snow layer registered in 

Oltenia reached 37 cm in Apa Neagră on 4 March, 

being higher than the maximum thickness registered 

in all the three winter months. The slow 

continuation of the vegetative processes started 
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beginning with 10 March, once with the changing of 

the thermal balance. 

The pluviometric regime of March 2011  

The monthly quantities of precipitations were 

comprised between 5.2 l/m2 registered in Voineasa 

and 48.6 l/m2 registered in Apa Neagră, and the 

percent deviations of the quantities of precipitations from 

the monthly multiannual means were comprised 

between -86.3% in Voineasa and 10.2% in Calafat. 

The classification of the pluviometric time type for 

the meteorological stations in Oltenia showed that it 

was Excessively Droughty (ED) in the areas of 

submountainous and mountainous high hills and 

little rainy (LR) in Calafat in the south-west of the 

region (table no. 3). 

Table 3 The quantities of precipitations registered during the spring of 2011 (Σ), compared to the 

normal values (N for the period 1901-1990), the deviation (%) and the pluviometric time type according to 

the Hellmann criterion (CH) 

Meterologic  

station Hm 

March 2011 April 2011 

ΣIII N Δ% CH ΣIV N Δ% CH 

Dr. Tr. Severin 77 31.9 49.3 -35.3 VD 14.6 56.5 -74.2 ED 

Calafat 66 42.0 38.1 10.2 LR 20.2 47.3 -57.3 ED 

Bechet 65 22.3 36.3 -38.6 VD 32.0 48.5 -34.0 VD 

Băileşti 56 33.4 38.3 -12.8 LD 24.9 49.4 -49.6 VD 

Caracal 112 28.1 35.7 -21.3 D 19.2 45.1 -57.4 ED 

Craiova 190 27.6 31.5 -12.4 LD 38.8 43.1 -10.0 N 

Slatina 165 38.1 37.5 1.6 N 38.0 47.4 -19.8 LD 

Bâcleş 309 29.8 43.1 -30.9 VD 20.2 54.5 -62.9 ED 

Tg. Logreşti 262 22.1 37.9 -41.7 VD 14.8 49.9 -70.3 ED 

Drăgăşani 280 10.0 37.4 -73.3 ED 43.2 40.1 7.7 N 

Apa Neagră 250 48.6 63.6 -23.6 D 14.3 76.4 -81.3 ED 

Tg. Jiu 210 32.2 43.8 -26.5 D 5.8 64.0 -90.9 ED 

Polovragi 546 33.6 50.9 -34.0 VD 15.4 70.4 -78.1 ED 

Rm. Vâlcea 243 26.5 36.8 -28.0 D 26.4 58.5 -54.9 ED 

Voineasa 587 5.2 37.9 -86.3 ED 21.8 67.2 -67.6 ED 

Parâng 1585 13.5 53.0 -74.5 ED 37.8 86.3 -56.2 ED 

Mean f. Oltenia  27.8 41.9 -33.7 VD 24.2 56.5 -57.2 ED 

Ob. Lotrului  10.6    27.2    

Meterologic  

station Hm 

May 2011 Spring 2011 

ΣV N Δ% CH ΣS N Δ% CH 

Dr. Tr. Severin 77 20.8 80.7 -74.2 ED 67.3 186.5 -63.9 ED 

Calafat 66 19.8 60.8 -67.4 ED 82.0 146.2 -43.9 VD 

Bechet 65 50.4 58.6 -14.0 LD 104.7 143.4 -27.0 D 

Băileşti 56 34.1 70.1 -51.4 ED 92.4 157.8 -41.4 VD 

Caracal 112 40.4 61.4 -34.2 VD 87.7 142.2 -38.3 VD 

Craiova 190 72.0 60.6 18.8 LR 138.4 135.2 2.4 N 

Slatina 165 91.8 64.8 41.7 VR 167.9 149.7 12.2 LR 

Bâcleş 309 16.3 74.9 -78.2 ED 66.3 172.5 -61.6 ED 

Tg. Logreşti 262 74.2 73.4 1.1 N 111.1 161.2 -31.1 VD 

Drăgăşani 280 54.0 69.7 -22.5 D 107.2 147.2 -27.2 D 

Apa Neagră 250 52.1 108.8 -52.1 ED 115.0 248.8 -53.8 ED 

Tg. Jiu 210 69.4 85.3 -18.6 LD 107.4 193.1 -44.4 VD 

Polovragi 546 76.8 103.9 -26.1 D 125.8 225.2 -44.1 VD 

Rm. Vâlcea 243 45.6 97.3 -53.1 ED 98.5 192.6 -48.9 ED 

Voineasa 587 60.8 95.5 -36.3 VD 87.8 200.6 -56.2 ED 

Parâng 1585 111.8 124.1 -9.9 N 163.1 263.4 -38.1 VD 

Mean f. Oltenia  55.6 80.6 -31.0 VD 107.7 179.1 -39.9 VD 

Ob. Lotrului  91.6    129.4    

(Source: Data processed according to the Oltenia MRC Archive)
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Fig. 3 The humidity reserve in the soil layer of 0-100 cm in the autumn 

wheat crop on 30 March 2011 (According to NMA Bucharest) 

The monthly quantities of 

precipitations mean calculated 

for the entire region was 27.8 

l/m2, and the its percent 

deviation from the 

multiannual average value 

was -33.7%, which means a 

very droughty month. 

The water soil reserve. On 

March 30, 2011, the humidity 

content which is accessible to 

the autumn wheat plants, in 

the soil layer of 0-100 cm, 

reached satisfactory values 

(SV) on the restricted areas in 

the south of Vâlcea county, 

the extreme south of Dolj 

county, and close to optimum 

limits (ClO) in the most part 

of the region (Fig. 3). 

 

 
Fig. 4 The humidity reserve in the soil layer of 0-20 cm (land) on 30 March 

2011 (According to NMA Bucharest) 

For the spring crops, the 

humidity reserve on the soil 

profile of 0-20 cm (land), 

maintained satisfactory values 

(SV) in the aforementioned 

areas and in restricted areas of 

the east Olt county, close to 

optimum (ClO) and optimum 

(O) values in the most 

agricultural territory of the 

region (Fig. 4). The relative 

good condition of the water 

reserve is due to the water 

accumulation in soil from the 

precipitation fallen during 

winter and autumn, as well as 

the low temperatures which 

did not produced an intense 

evaporation in this month. 

 

Climatic characteristics of April 2011  

The air temperature. The monthly air temperatures 

means were comprised between 4.6°C in Voineasa in 

the north of the region and 10.0°C in Dr. Tr. Severin 

in the South-West.  

Their deviations from the multiannual means 

calculated for the interval 1901-1990 were comprised 

between -3.7°C in Tg. Logreşti (in Amaradia Hills) 

and in the Subcarpathian Depression Apa Neagră -

1.9°C in Dr. Tr. Severin. According to the Hellman 

criterion it is a cold month (CL) in the entire region 

excepting a restricted area in the south-west (Dr. Tr. 

Severin) and the mountainous area (Parâng) where, 

taking into account the thermal aspect, the warmer 

advections were less frequent (Dr. Tr. Severin). In 

the mountainous area this aspect is due to thermal 

inversion phenomenon, which occurred in many 

days and in April. 

The average temperature in April calculated for the 

entire region was 7.7°C, and its deviation from the 
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multiannual mean was -2.7°C, thus confirming the 

classification of cold month (CL) for the entire 

region (table no. 4). 

Table 4 The air temperature in April 2011 and the minimum temperatures at the soil surface (°C). The 

monthly means in April 2011 (M), normal (N), the deviation from the normal temperature (ΔT), the 

monthly minimum temperature (minT), the monthly maximum temperature (maxT) and the day in which 

they were registered 

Meteorologic 

 station Hm NIV M ∆=M-N CH 

MinT (air) MaxT (air) Min T surface soil 

(°C) Date  

TMin 
(°C) Date  

TMax 
Cm Date 

Cm 
CM Date 

CM Dr. Tr. Severin 77 11.9 10 -1.9 CO 4.1 1;7 24.1 1 2.0 11 10.8 9 

Calafat 66 11.8 9.6 -2.2 CL 2.5 24 23.5 7 -1.6 18 11.9 8 

Bechet 65 12.0 8.6 -3.4 CL -0.4 16 22.3 7;30 0.0 16 12.0 9 

Băileşti 56 11.9 8.8 -3.1 CL 1.6 16 23.6 7 -0.8 16 10.6 28 

Caracal 112 11.6 8.3 -3.3 CL 2.0 11 22.3 30 -0.4 12 10.5 30 

Craiova 190 11.5 8.3 -3.2 CL 1.7 11 21.8 7 2.0 11 10.8 9 

Slatina 165 11.4 8.6 -2.8 CL 1.5 18 22.2 30 0.4 11 8.2 20 

Bâcleş 309 10.2 8.0 -2.2 CL 1.0 11 21.5 7 -1.9 18 8.6 29 

Tg. Logreşti 262 10.3 6.6 -3.7 CL -2.1 11 21.8 20 -3.1 11 8.2 6;28 

Drăgăşani 280 10.9 8.7 -2.2 CL 1.3 11 22.0 30 0.4 11 10.2 29 

Apa Neagră 250 10.1 6.4 -3.7 CL -3.0 11 21.8 7 -2.5 11 12.0 8 

Tg. Jiu 210 10.9 8.9 -2.0 CL 0.2 15 22.6 30 -0.2 15 10.2 28 

Polovragi 546 10.4 8.0 -2.4 CL -2.3 15 20.0 29 -5.3 11 7.8 28 

Rm. Vâlcea 243 10.8 8.4 -2.4 CL 0.6 15 21.9 29 -1.0 15 10.0 28 

Voineasa 587 7.7 4.6 -3.1 CL -0.8 4 20.7 20     

Parâng 1585 2.3 0.9 -1.4 CO -6.6 11 13.0 20     

Mean for Oltenia  10.4 7.7 -2.7 CL 0.1  21.6      

Ob. Lotrului  2.0 0.9 -1.1 CO -4.1 11 14.3 20     

 

The monthly minimum air temperatures were 

comprised between -3°C in Apa Neagră and 4.1°C in 

Dr. Tr. Severin, all of them being registered in the 

interval 11-18 April, and in Calafat on 24, which 

means the emergence of some intense late and long 

term cooling. Dr. Tr. Severin is an exception, since 

the thermal minimum temperature was registered 

on 1 and 7. The monthly minimum temperature 

mean for this month was of just 0.1°C, an 

exceptional low value for the month of April. 

At 7 meteorological stations, situated on all the 

relief forms, minimum temperatures ≤0°C (two of 

the mountainous areas: Ob. Lotrului and Parâng) 

(Bechet, Tg. Logreşti, Apa Neagră, Polovragi şi 

Voineasa) were registered, thus the phenomenon of 

frost in the air took place, and the number of days 

with such temperatures, excepting the mountainous 

areas, varied from 2 to 6 (6 days in the 

Subcarpathian Depression Apa Neagră). 

In the mountainous areas, in Parâng, there were 

registered 13 days of minimum temperatures ≤0°C, 

and 23 days in Ob. Lotrului. In the same areas, there 

were registered 5 days with sleet and snowfalls, and 

the snow layer appeared again (maximum thickness 

19 cm in Parâng on 15 April). 

As a consequence, there was registered an equal 

number of days with hoarfrost, and regarding this 

dangerous meteorological phenomenon in April, it is 

useful to mention that due to the extension of 

automatic meteorological stations, they do not signal 

neither this phenomenon nor the type of 

precipitations (rainfall, sleet, snowfall, heavy rainfall, 

etc.). It can be deduced, but only to a certain extend. 

Some days with hoarfrost were very late, for 

example: in Bechet on 16 April, in Tg. Logreşti on 24 

April , in Apa Neagră on 26 April, etc. affecting the 

vegetation, the orchards and vineyards which were in 

a stage of full development on the respective dates. 

The highest daily minimum temperatures were mostly 

registered in the last two days of the month 

(excepting the south-west stations which registered 

the maximum values on 7 April) and were comprised 

between 20.0°C in Polovragi registered on 29 April 

and 24.1°C in Dr. Tr. Severin on 1 April (the only 

meteorological station in which the maximum value 

was registered on 1 April) and they were a little 

higher than those registered in March (1-2°C). 
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In April we mention 6 intervals of air cooling of 

which the most severe and dangerous for the 

agroclimatic conditions were those between 10-12 

April, 14-18 April and 22-26 April (Fig. 5) when low 

temperatures in some meteorological stations were ≤ 

0°C. 

 

Fig. 5 The chart of the daily average temperature 

variation, the daily minimum temperature mean 

and the maximum temperature mean calculated for 

the entire region of Oltenia in April 2011 

The monthly minimum temperatures at the 

soil surface were ≤ 0°C for 64.3% of the region’s 

stations (to 9 of 14 stations) and were comprised 

between -5.3°C in Polovragi and 2.0°C in Dr. Tr. 

Severin, thus causing the phenomenon of frost on 

the ground. We also can note that two stations 

(Slatina and Drăgăşani) registered a minimum 

temperature at the soil surface of only 0.4°C, value 

which determines the phenomenon of hoarfrost. It 

should also be noticed that all these values were 

registered in the interval 11-18 April, causing the 

phenomenon of late frost at the soil surface.  

The highest daily minimum values at the soil 

surface were comprised between 7.8°C in Rm 

Vâlcea, recorded on 28 April and 12.0°C registered 

on 8 April in Apa Neagră and 9 April in Bechet, 

most of them were registered in the last 3 days of 

the month. 

The number of days with minimum temperatures at 

the soil surface of ≤0°C was comprised between 1 

(in Bechet, Caracal and Tg. Jiu) and 6 in Bâcleş, 

and the latest day with frost on the ground being 

26 April in Apa Neagra, in the areas of the 

Subcarpathian depressions, on the high relief form 

(250 m altitude) and 16 April in Bechet (65 m 

altitude) on the lowest relief form.  

All these lead us to consider April 2011 as very 

cold, in fact colder than the classification 

according to the Hellmann criterion, which does 

not take into account the minimum temperatures 

at the soil surface neither the late date on which it 

occurred nor the period of time with a thermal 

regime lower than the normal.  

As a consequence of this period of cold 

weather the stagnation of vegetation development 

occurred, and then, the degradation of some 

crops, damages of orchards, vineyards and 

vegetable gardens, especially where seedlings 

were removed in the field. 

The pluviometric regime in April 2011 

The monthly quantities of precipitations were 

deficient in the almost entire region and they were 

within 5.8 l/m2 in Tg. Jiu and 43.2 l/m2 in 

Drăgăşani; their percent deviations were 

comprised between -90.9% in Tg. Jiu and 7.7% in 

Drăgăşani. According to the Hellmann criterion, 

pluviometrically, April was excessively droughty 

(ED) for the most part of Oltenia and only on 

restricted areas in Craiova and Drăgăşani it was 

pluviometrically normal (N). (table no. 3).  

The monthly precipitations mean calculated for 

the entire region of Oltenia was 24.2 1/m2, and its 

percent deviation from the multiannual mean was 

–57.2%, which confirms the classification 

according to the Hellmann criterion as an 

excessively droughty month. 

The humidity reserve in the soil. On April 29, 

2011, in autumn wheat crop, the humidity reserve 

accessible for plants in the soil depth of 0-100 cm, 

was satisfactory (SV) in most of Oltenia and close 

to optimum (ClO) in the north-east of Vâlcea 

County (Fig. 6). 

In the soil layer of 0-20 cm (land), the water 

reserve was in satisfactory limits (SV) in most of 

the region. Locally, in Central and South-Eastern 

Oltenia there were registered moderate humidity 

deficits in the soil (moderate pedological drought 

– MD) (Fig. 7). 

The situation of water reserve can be 

considered relatively good and it is due to the low 

air temperature which did not produced an 

intense and massive evaporation of soil water and 

maintained the water reserve in the 

aforementioned limits. The stress of the lack of 

water in the superficial soil layer, together with 

the low air and soil temperatures, manifested in 

some periods, especially by delaying the rising of 

spring crops in optimum time, although the 

sowing calendar date was optimum. 
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Fig. 6 The humidity reserve in the layer soil of 0-100 cm in the autumn wheat crop on 29.IV.2011 

(According to NMA Bucharest) 

 

Fig. 7 The humidity reserve in the layer soil of 0-20 cm (land) on 29.IV.2011 (According to NMA 

Bucharest)
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Climatic characteristics of May 2011 

The thermal regime of May 2011. Air 

temperature. The monthly air temperatures means were 

comprised between 9.0°C in Voineasa and 15.2°C in 

Dr. Tr. Severin, and their deviations from the 

multiannual means were all negative and were 

comprised between -3.3°C in Tg. Logreşti and -0.6°C 

in Polovragi. According to the Hellmann criterion, 

May was cold (CL) in most of the region and cool 

(CO) on restricted areas in Dr. Tr. Severin, 

Drăgăşani, Tg. Jiu and Ob. Lotrului. (At Ob. Lotrului 

Station, the multiannual means are calculated on a 

shorter period, that is 35 years, the station started to 

function in 1976 and had some periods of activity 

interruption, that is why we did not take it into 

account when we calculated the mean for Oltenia 

region. The Parâng meteorological station is 

significant for the mountainous areas of Oltenia, 

although it pertains to Hunedoara county it has a 

large range of data). In the mountainous and 

submountainous areas, May was normal (N) (table 

no. 5). 

The monthly minimum temperatures were 

comprised between -3.2°C in Apa Neagră, registered 

on 6 May and 4.6°C in Caracal on 8 May. In the areas 

with an altitude of over 250 m, there were registered 

days with minimum temperatures ≤°C (frost in air), 

thus counting: in Tg. Logreşti one day, in Apa 

Neagră 2 days, in Voineasa 2 days, in Parâng 5 days, 

and in Ob. Lotrului 11 days. 

Table 5 The air temperature and the minimum temperatures at the soil surface of May 2011 (°C). The 

monthly means in May 2011 (M), normal (N), the deviation from the normal temperature (ΔT), the 

monthly minimum temperature (Tmin), the monthly maximum temperature (Tmax) and the day in which 

they were registered 

Meteorologic  

station Hm N.V M ∆=M-N CH 

TMin (aer) TMax (aer) T min la suprafaţa solului 

(°C) 

Data 

TMin (°C) 

Data 

TMax Cm 

Data 

Cm CM 

Data 

CM 

Dr. Tr. Severin 77 17.1 15.2 -1.9 CO 2.4 6 30.1 30 0.1 6 15.4 29 

Calafat 66 17.3 14.9 -2.4 CL 4.2 9 30.2 30 2.9 9 16.1 26 

Bechet 65 17.5 14.4 -3.1 CL 3.2 9 29.7 24 3.0 7 16.0 26 

Băileşti 56 17.4 14.2 -3.2 CL 2.4 6 29.3 25 0.5 6 16.9 26 

Caracal 112 17.1 14.3 -2.8 CL 4.6 8 28.0 25 2.6 7 14.1 26 

Craiova 190 17.0 13.8 -3.2 CL 3.6 6 29.2 25 3.5 9 18.0 27 

Slatina 165 16.9 14.3 -2.6 CL 2.8 8 28.0 23 2.8 7 14.4 26,30,31 

Bâcleş 309 15.5 13.5 -2.0 CL 3.2 6 28.2 30 -1.4 7 12.0 31 

Tg. Logreşti 262 15.3 12.0 -3.3 CL -0.2 7 27.8 22 0.8 6 13.0 29 

Drăgăşani 280 15.8 14.1 -1.7 CO 4.4 8 28.6 25 1.9 8 14.6 30 

Apa Neagră 250 15.1 12.2 -2.9 CL -3.2 6 28.6 29 -2.6 6 15.4 27 

Tg. Jiu 210 15.9 14.1 -1.8 CO 1.5 7 29.4 24 1.6 6 16.0 29 

Polovragi 546 14.3 13.7 -0.6 N 0.2 6 26.3 24;30 -2.2 8 12.6 26 

Rm. Vâlcea 243 15.4 14.7 -0.7 N 2.8 6 29.5 23 -0.5 6 14.8 26 

Voineasa 587 12.1 9.0 -3.1 CL -1.4 6 26.6 30     

Parâng 1585 7.1 6.4 -0.7 N -4.2 8 17.5 30     

Mean for Oltenia  15.4 13.2 -2.3 CL 1.6  27.9      

Ob. Lotrului  7.2 5.5 -1.7 CO -5.1 6 20.7 28     

Source: Data processed according to the Oltenia MRC Archive

The coolest interval was 6-9 May 2011, in the 

mountainous area it snowed and an insignificant 

layer of snow was formed. In the same interval, on 6 

and 7 May, there were signaled 1-2 days with 

hoarfrost of local character in the areas with an 

altitude of ≥ 250 m. (In the north and north-east of 

the country in the aforementioned interval, the 

weather was excessively cold. Thus, on 7.V.2011, it 

snowed in the mountainous region of Suceava, 

Maramureş and Bistriţa-Năsăud counties, in the 

morning it snowed abundantly in Moldoviţa and 

Ulma communes, close to the border with Ukraine. 

The road traffic took place under winter conditions 

on DN17, in Mestecăniş pass area. Between Vatra 

Dornei and Câmpulung Moldovenesc the snow 

measured 5 cm. The heavy cars climbed the slopes 

with difficulty because they were not equipped with 

winter tyres. It snowed on DN 17; in Palma Pass, the 
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snow on the roadway measured 3 cm. In Straja and 

Parâng ski resorts have been snowing during this 

period, a strong wind blew, and the temperatures 

highly decreased on 7.V.2011). 

The monthly minimum temperatures mean for the 

entire region was 1.6°C, an extremely low 

temperature for the month of May. 

The monthly maximum temperatures were 

comprised between 26.3°C in Polovragi registered 

on 24 and 30 May and 30.2°C in Bechet on 30 May. 

Most of the monthly maximum temperatures were 

registered in the last five days of the month. 

There were registered 5 intervals of weather 

cooling: 3-5 May, 8-9 May, 17 May, 26-27 May, and 

31 May (Fig. 8). 

 

Fig. 8 The chart of the daily average temperature 

variation, daily minimum temperatures mean and 

daily maximum temperatures mean calculated for 

the entire region of Oltenia in May 2011 

Source processed data 

The highest daily minimum temperatures at the soil 

surface were registered in the last 5 days of the 

month, once with the onset of the normal thermal 

regime, and were comprised between 12°C in Bâcleş 

and 18.0°C in Craiova. 

As a consequence of the thermal regime which 

was cold for the month of May, the early vegetables 

and fruits of May (the early cherries of May) had a 

delay of about 14 days compared to their normal 

date of sprouting. The agricultural crops, especially 

the vegetables crops, stagnated in the first two 

weeks of the month, and they hardly stared to grow 

again in the third week. 

The pluviometric regime of May 2011 

The monthly quantities of precipitations 

registered in May were comprised between 16.3 

l/m2, in the west hills in Bâcleş and 91.8 l/m2 in 

Slatina in the east part of the region, and their 

percent deviations from the annual means were 

comprised between -78.2% in Bâcleş and 41.7% in 

Slatina. According to the Hellmann criterion, the 

types of pluviometric time at the meteorological 

stations of Oltenia were comprised between 

excessively droughty (ED) and very droughty (VD) 

in the most part of the region and very rainy (VR) in 

Slatina (table no. 3). It should be noted that this type 

(VR) was registered only in a small restricted area in 

Slatina, and among the exceedingly pluviometric 

time types, one single station, Craiova station, 

registered the little rainy (LR) type, but also in a 

small area. These two exceptions are mainly due to 

their geographical positions, Slatina at the south 

limit of Getic Piedmont and Craiova at the south 

limit of Oltenia Hills. The high frequency of the 

atmospheric circulations from south and south-west, 

and the penetration directions of the atmospheric 

fronts associated to the Mediterranean Cyclones 

determined the cloudy systems forming as well as 

the increasing of the precipitation potential once 

with the ascension of the moist air masses over the 

high relief forms of Oltenia. We also mention that 

the activity of the Mediterranean Cyclones was 

weak in May as well as during the entire spring, 

and, as a consequence, although, in some days, the 

precipitations were in relative extended areas, they 

were quantitatively low most of the time, and more 

significant quantities of precipitation were 

registered only “punctiform”. We give as an 

example the following two meteorological stations: 

- at Craiova, there were registered 19 rainy days 

among which only in two days there were registered 

significant quantities of precipitations 14.8 l/m2 on 16 

and 17.4 l/m2 on 30, totalizing 32.2 l/m2 that is 44.7% 

of the registered quantity, and the last value was 

registered in the penultimate day of the month. There 

were registered 9 days with precipitations comprised 

between 0.0 l/m2 and 0.4 l/m2 (among which 7 days 

with 0.0, that is only several drops!). The air and soil 

low temperature compared to the normal 

climatological value contributed essentially to 

maintain the water reserves in the layer of arable soil. 

- at Slatina, there were registered 17 rainy days 

among which only in four days there were 

registered significant quantities of precipitations 

10.41 l/m2 on 3 and 19.61 l/m2 on 4, 10.2 l/m2 on 17 

and 18.2 l/m2 on 30, totalizing 58.4 l/m2 that is 63.6% 

of the registered quantity. The precipitations were 

insignificant during 10 days (under 5 l/m2), and 

among these the quantities were < 2 l/m2 during 9 
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days, in 5 of these 9 days the quantities were < 1 

l/m2. As a consequence of this distribution, 

qualifying this month very rainy (VR) at this station 

is not so significant compared to the usefulness of 

these precipitations. 

 

 

 
Fig. 9 The humidity reserve in the soil layer of 0-100 cm in the autumn wheat 

crop on 30 May 2011 (According to NMA Bucharest) 

 

 Fig. 10 The humidity reserve in the soil layer of 0-20 cm in the corn crop on 30 

May 2011 (According to NMA Bucharest) 

The monthly mean of 

the quantity of 

precipitations, calculated 

for the entire region was 

55.6 l/m2, and its 

percent deviation from 

the multiannual mean 

was -31.0%, which 

means a very droughty 

month (VD) for the 

entire region. 

The humidity reserve 

in the soil. On May 30, 

2011, the humidity reserve 

accessible to autumn 

wheat plants on the soil 

profile of 0-100 cm, fell 

into satisfying limits 

(SL). In the north and 

the extreme south-east 

of the region and on 

extended areas from the 

centre and the south of 

Oltenia, there were 

registered moderate 

water deficits in the soil 

(moderate pedological 

drought - MD), (Fig. 9). 

In the corn crop, the 

water supply accessible 

to plants in the soil layer 

of 0-20 cm, on 30 May, 

presented satisfactory 

values (SV) in the most 

part of the region. 

Moderated humidity 

deficits in the soil 

(moderate pedological 

drought - MD) were 

signalled in the south-

west of the region (Fig. 

10 
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The general thermal regime of the spring of 

2011  

The seasonal temperature means were comprised 

between 7.4°C in Voineasa in the high mountainous 

areas and 11.6°C in the low areas of Dr. Tr. Severin, 

Calafat, Bechet and Băileşti. 

The thermal deviations of the seasonal means 

from the multiannual means were comprised 

between – 4.0°C in Tg. Logreşti and Apa Neagră and 

-1.7°C in Polovragi. The classification of the thermal 

time types at the meteorological stations of Oltenia 

were comprised between very cold (VC) in most of 

the meteorological stations (table no. 6) and cold on 

restricted areas in the south-west and in the high 

hills areas (Dr. Tr. Severin, Drăgăşani – station with 

southern spatial distribution situated on a hill), in 

some subcarpathian depressions (Polovragi) and in 

the Olt Couloir (Rm. Vâlcea where the warm 

advections from south and north were more 

frequent and intense). 

Table 6 The average seasonal air temperature 

(M), the deviations from the normal temperature 

(ΔT) and the classification of the thermal regime 

according to the Hellmann criterion (H) 

Meteo. station N(°C)  M(°C) ∆=Tmed-N Hellmann 

Dr. Tr. Severin 11.6 9.1 -2.5 CL 

Calafat 11.6 8.7 -2.9 VC 

Bechet 11.6 8.1 -3.5 VC 

Băileşti 11.6 7.8 -3.8 VC 

Caracal 11.2 8.0 -3.2 VC 

Craiova 11.2 7.7 -3.5 VC 

Slatina 11.1 8.0 -3.1 VC 

Bâcleş 10.1 7.5 -2.6 VC 

Tg. Logreşti 9.7 5.7 -4.0 VC 

Drăgăşani 10.5 8.3 -2.2 CL 

Apa Neagră 9.8 5.8 -4.0 VC 

Tg. Jiu 10.5 7.7 -2.8 VC 

Polovragi 9.2 7.5 -1.7 CL 

Rm. Vâlcea 10.4 8.2 -2.2 CL 

Voineasa 7.4 4.5 -2.9 VC 

Parâng 2.1 1.3 -0.8 CO 

Mean for Oltenia 10.0 7.1 -2.9 VC 

Ob. Lotrului 2.3 1.3 -1.0 CO 

Source: Data processed according to the Oltenia MRC 

Archive 

As a consequence of registering negative thermal 

deviations in every month of spring compared to the 

multiannual means, there has been an 

“accumulation” of negative deviations in what the 

deviations of the seasonal means from the 

multiannual average values are concerned, which 

lead to a very cold (VC) spring in most of the region. 

This fact is also confirmed by the deviation of -

2.9°C of the seasonal mean calculated for the entire 

region which leads to the classification of a very cold 

(VC) spring for the entire region. 

In the mountainous areas in Parâng and Ob. 

Lotrului the deviations were smaller, and the 

general classification for the spring season was very 

cool (VC). 

The general pluviometric regime of the spring 

of 2011 

The seasonal quantities of precipitations were 

comprised between 66.3 l/m2 and 167.9 l/m2 in 

Slatina, and the percent deviations were comprised 

between -63.9% and 12.2% in Slatina (only two 

deviations were positive, Slatina and Craiova). 

According to the Hellmann criterion, the 

pluviometric time types for the entire spring were 

comprised between exceptionally droughty (ED) in 

the extreme west, the high hills and Subcarpathian 

depressions areas (table no. 3), little rainy (LR) on 

restricted areas in the east of Slatina and normal also 

on restricted areas in Craiova. In the mountainous 

areas the spring was very droughty. 

The medium quantity of precipitations calculated 

for the entire region was 107.7 l/m2, and its percent 

deviation from the multiannual mean was -39.9% 

according to the Hellmann criterion the spring is 

very droughty (VD). 

Conclusion 

Although, at a global level and for the entire 

European continent, the climatic global warming 

continues, in Oltenia, the spring of 2011 was very 

cold (VC) with seasonal thermal deviations 

comprised between -4.0°C and -1.7°C. 

In the mountainous areas, the spring was cool 

(CO), thus, confirming that the climatic warming is 

more intense here. 

Although the spring arrival was a little early 

(LE), the small advance of the vegetation 

development was cancelled, and then, there was a 

delay due to the thermal regime which was 

permanently deficient. 

The period May 6-9 was the latest cold period, 

and the hoarfrosts registered produced important 
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damages, the vegetation being in advanced 

development stages. 

Pluviometrically, the spring of 2011 was very 

droughty (VD), and the month in the middle (April) 

was exceptionally droughty (ED). 

The water reserve in the soil maintained within 

satisfying limits in most part of the region, being 

registered a moderate drought (MD) due to the low 

thermal regime which did not determined 

evaporation and transpiration phenomena. 

There was registered a great number of days 

with low precipitations and high nebulosity which 

created favorable conditions for the development of 

disease attacks and pests in the crops, especially 

fruit trees, vineyards and vegetable crops.  

Although, regionally, continentally or for the 

entire northern hemisphere, the cold periods are 

considered beneficial to the general climate 

evolution, the cold weather in spring is a climatic 

risk due to the delays of vegetation development 

and the resultant economic consequences.  

The spring of 2011 was thermally and 

pluviometrically unique compared to the last 12 

springs of Oltenia. 
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Abstract 

The Bucegi Mountains and the Prahova Valley 

represent the most important destinations for winter 

tourism activities, of great heritage value in the 

Southern Carpathians - Romanian Carpathians. A 

number of resorts have developed here over time, 

currently enjoying great popularity among those 

keen on such activities. This article aims at 

presenting, on the one hand, the natural features 

(terrain factors and climate variables) favourable for 

winter tourism activities, and on the other, our 

results concerning the statistical analysis of the 

accommodation infrastructure, ski amenities and 

tourist flow. The expansion of the ski area and the 

development perspectives of the existing 

infrastructure as much as the local, regional and 

national authorities’ interest represent the premises 

for hosting the winter edition of the European Youth 

Olympic Festival, in 2013 and the Winter Olympic 

Games in the year 2020 in the outlined area. 

Keywords: winter tourism activities, terrain factors, 

climatic models, statistical analysis, Bucegi Mountains - 

Prahova valley, Southern Carpathians 

Rezumat. Modele ale activităţii turistice hibernale 
în Munţii Bucegi – Valea Prahovei (Carpaţii 
Meridionali) 

Munţii Bucegi şi Valea Prahovei reprezintă cea mai 

importantă destinație din România pentru 

activităţile turistice de iarnă, de mare tradiție în 

Carpații Meridionali - Carpații Românești. O serie de 

stațiuni turistice s-au dezvoltat aici de-a lungul 

timpului, în prezent regiunea bucurându-se de o 

mare popularitate printre cei dornici de astfel de 

activităţi. Acest articol îşi propune să prezinte, pe de 

o parte, caracteristicile naturale (parametrii 

topografici și variabilele climatice) favorabile 

activităţilor turistice de iarnă, iar pe de altă parte, 

infrastructura de cazare, facilităţile pentru activitățile 

de schi şi fluxul turistic. Extinderea pârtiilor de ski, 

perspectivele de dezvoltare a infrastructurii 

existente, interesul autorităţilor locale, regionale şi 

naţionale, reprezintă premisele pentru găzduirea 

ediţiei de iarnă a Festivalului Olimpic European de 

Tineret, în 2013 şi a Jocurilor Olimpice de Iarnă din 

2020 ani în regiunea prezentată. 

Cuvinte-cheie: activități turistice de iarnă, parametrii 

topografici, variabilele climatice, analiză statistică, 

Munții Bucegi – Valea Prahovei, Carpații Meridionali 

 

Introduction 

Today, more than ever, tourism is part of the 

global change and development (Page and Connell, 

2006) having economic, social, cultural and 

educational results, but environmental 

consequences as well (Murphy, 1985; Wall, 

Mathieson, 2007; UNEP, 2007). Tourism industry 

represents one of the major drivers of development 

for any society, by creating different entertainment 

and accommodation facilities, infrastructure 

networks and job opportunities. At the same time, 

tourism is a driver for the development of the 

related activities and for the overall growth of a 

state’s annual income (Heberlein et al., 2002). 

Mountain tourism with its countless types of 

activities represents one of the most spectacular 

forms of tourism, as stated by several works in the 

literature (Booth and Cullen, 2001; Heberlein et al., 

2002; Jeanneret, 2001; Godde et al., 2000; Yang et al., 

2009). Winter tourism activity, and in the same time 

of sport activity, has generated an entire industry 

within mountain areas (Agrawala, 2007; Bürki et al., 

2005; Hudson, 2002; Lew et al., 2008). Snow 

represents a very important component of earth 

system physics (Beniston et al., 2003) and of 

mailto:martinolaru@yahoo.com
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socioeconomic systems in mountain regions 

(Beniston, 1997) at the same time. Snow has become 

an important tourist resource (Besancenot, 1990) 

which is fundamental for winter tourism activities 

(Rixen et al., 2003).  

Romania is endowed with an important 

mountainous area which covers close to a third of its 

territory. The most important area for winter 

tourism activities in Romania is to be found in the 

Bucegi Mountains, component part of the Southern 

Carpathians. The scientific and economic interest for 

this tourist area has been underlined either by 

syntheses or by punctual research papers (Bogdan, 

2008; Institutul Naţional de Cercetare - Dezvoltare în 

turism, 2009; Micu, Dincă, 2008; Mihai et al., 2002; 

Mihai, 2005; Pompei, 2010; Surugiu et al., 2010; 

Voiculescu, Popescu, 2011). 

The scope of our paper is to highlight the present 

features of the winter tourism activities having in 

view its natural potential and also the 

accommodation infrastructure and the skiing 

amenities, and, most of all, to promote this tourist 

area of exceptional value in geographic literature. 

The Bucegi Mountains are located at the eastern 

end of the Southern Carpathians, within the ridge 

that bares their name (Fig. 1, Fig. 2). They have the 

appearance of a suspended synclinal and are made 

of limestone, conglomerates with sandstone 

intercalations. 

 

Fig. 1 Geographical location of Bucegi Mountains-Prahova valley 

 

Fig. 2 The Bucegi Mountains (on the top) and Prahova valley (on the bottom) 

They have a north-south orientation and the 

shape of a semicircle with its opening towards the 

south and bare in their northern part the main 

orographic knot, Omu peak (2505 m). Two large 

crests start from here, each with peaks over 2300-

2400 m, which delineate two structural cliffs, made 

of simple and staked cuesta fronts of erosive or 

tectonic-erosive structure (Velcea, 1983). The eastern 
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cliff raises 1000-1200 m over the Prahova Valley. 

Here specific landforms appear: gates, windows, 

stacks, chimneys and brâne which have a high 

tourist value. Within the Prahova valley, the resort 

of Sinaia emerged, known also as the Pearl of the 

Carpathians, which has polarized the development 

of other smaller resorts along the valley (Buşteni, 

Azuga and Predeal), each with different sized ski 

domains, accommodation facilities  and specific 

infrastructure.  

The leisure heritage of the Bucegi Mountains and 

the Prahova valley and their surrounding area is 

favourably exploited due to their location: in the 

central part of Romania, 120 km far from the 

country’s capital city, Bucharest and to the existence 

of the transportation network. On the other hand, 

their high altitudes, their cliffs, the glacial, 

periglacial, structural and limestone landforms, as 

well as the favourable climate, fresh air, the alpine 

flora, endless coniferous forests, belvedere points 

and remarkable landscapes contributed to the 

initiation and early development of the tourism 

phenomena (Table 1): 

Table 1 The main phases of the tourism development within the Bucegi Mountains and Prahova valley 

Period Main actions 
17th-19th centuries  Custom procedures on the Prahova and the Dâmboviţa Valleys 

Establishment of the first inns 

1864 - 1914 Founding of the Eforiei Spitalelor Civile 1864 

Establishment of the first hotel and of rest houses 

The Sinaia Carpathian Society (1895-1900) built the first mountain shelters and delineated the first hiking 

trails  

1921 - 1949 Other sport-tourism associations were founded: Hanul Drumeţilor (1921) which changed into Romania’s 

Touring Club and built  the Peştera house and rebuilt the Omu shelter 2505 m  

In 1922 the Peleş Club was founded (skiing and mountain-climbing association) 

In 1936 the National Tourism Organization is founded (ONT) which build several chalets in the Bucegi 

Mountains 

1949 - 1989 The General Labor Confederation assumed most of the private villas and turned them into rest houses 

and also finished the construction of the Alpin Hotel at Cota 1400 (altitude) 

The first cable transportation and the bob slide were built with the support of the Romanian Ski and Bob 

Federation  

1990 - 2000 Reorganization of the tourist industry by modernizing the accommodation facilities and by the 

emergence of private investors 

Involvement of international organisms and NGOs in the local development  

2000 - present day Establishment of new rural and urban guesthouses (bed & breakfasts)  

Establishment of new cable transportation in the resorts of Predeal, Azuga, Buşteni and Sinaia 

Emergence of new winter-sports 

 

Data and Methods 

According to Jamieson and Johnson (1998), 

McClung and Schweizer (1999), and Schweizer and 

Jamieson (2001) terrain factors and climate variables 

are the most important parameters to be considered 

in the analysis of ski areas. Therefore, in order to 

assess the  natural potential of the ski area from the 

Bucegi Mountains we have used the tools of the 

ArcGIS software to derive land surface models 

(hypsometry and slope) and also climatic models on 

the basis of meteorological processed data from the 

weather stations in the area for the climate’s 

evaluation. As input data we have used a 30 m 

resolution DEM - derived from SPOT satellite 

images. The climatic models were built with the help 

of the regression equation derived from the 

processed climatic data and the DEM which was 

introduced as a parameter in this equation. On the 

other hand, for the statistical analysis of the tourist 

infrastructure, the accommodation capacity and the 

tourist flow we have processed the large quantity of 

data provided by the National Tourist Research and 

Development Institute (Institutul Naţional de 

Cercetare - Dezvoltare în Turism, 2009).  

The area of the Bucegi - Prahova valley is 

endowed with exceptional topographic and climatic 

conditions, therefore tourist winter practices are very 

well developed in highly favorable prerequisites 

(Mihai, 2005; Voiculescu, Popescu, 2011). Alpine 

skiing as an attribute of winter tourism, and in the 

same time sport activity, has generated an entire 

industry within mountain areas (Agrawala, 2007; 

Bürki et al., 2005; Hudson, 2002; Lew et al., 2008), a 

fact that holds true in the Bucegi - Prahova valley as 

well. Presently, along the traditional winter tourism 
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activities (alpine skiing, winter sport events) new 

contemporary winter tourism activities 

(snowboarding, skiboarding, telemark skiing, 

skitouring, freeride and freestyle) have emerged here 

as in other mountain areas of the world (Hudson, 

2004; Pickering et al., 2003; Rinker, 2009). 

Discussion 

1. Terrain factors 

The most important terrain factors for skiing and 

other winter sports are altitude and declivity. 

Altitude is essential for skiing activities (Fig. 3). At 

the latitude of the temperate climate, where 

Romania is situated, it has to be of at least 1000 m 

(Besancenot, 1990) in order to maintain a favorable 

snow layer for at least 3 months/year. 

Declivity represents another factor of great 

importance for skiing activities (see Figure 2). This is 

the element that separates the categories of this 

activity’s practitioners into two large categories: 

skiers and beginners. The first category was defined 

as users of skis, snowboards or other gravity-propelled 

recreational devices whose design and function allow users 

a significant degree of control over speed and direction on 

snow (Penniman, 1999, 36) and as for beginning skiers 

or beginners as: those individuals who are using one or 

another of these devices for the first time or who possess 

marginal abilities to turn or stop on slopes with incline 

greater than 20% (Penniman, 1999, 36). 

 

Fig. 3 Hipsometry model (on the left) and slope declivity model (on the right) 

Depending on the terrain’s configuration, on its 

morphometric characteristics, and on the local 

interest for winter tourism activities, each resort of 

the Prahova valley has developed its own ski 

domain (Table 2, Fig. 4, 5, 6, 7).  

The Sinaia ski area is characterized by the largest 

surface covered by ski tracks in Romania, of over 

0.37 km². The ski tracks have departure locations at 

the highest altitudes as well, which go beyond 1800-

2000 m and as total length, they rank highest as well, 

with over 12,000 m. As an average they are also the 

steepest tracks in the study area and in Romania as 

well. This is why Sinaia is a resort mostly for 

advanced and medium skiers which summed up 

should stand for 84% of the clientele to be in 

accordance with the difficulty level of the ski tracks.  

The resort of Buşteni is just beginning to build its 

ski domain, presently having only one ski track of 

medium difficulty level.  

The resort of Azuga is undergoing a large 

expansion plan due to the interest of the local 

authorities, but also with the help of private 

investors. The ski tracks are relatively long; they 

occupy a surface of 0.28 km², and the difficulty 

levels range from beginners to medium. 

Having in view that the resort of Predeal is 

situated at the altitude of 1090 m, the ski tracks have 

the arrival points towards the center of the resort, 

but their departure points do not exceed 1500 m. 
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Their total length of over 8000 m and the difficulty 

levels ranging from beginner to medium skiers 

represent a few of the attractive elements for the 

skiing clientele. These features make Predeal one of 

the most famous resorts of the sort in the Southern 

Carpathians. 

 

Fig. 4 View from ski tracks from Sinaia (on the left) and from Azuga (from the right) 

Table 2 The main features of the ski areas (according to National Institute of Research-Development in 

Tourism, 2009, with additions)  

Sinaia Resort 
Name of ski piste Features of the ski pistes homologation 

date 

Facilities 

difficulty level length 

(m) 

departure 

elevation (m) 

arrival 

elevation 

(m) 

mean 

slope (%) 

vertical 

drop (m) 

average 

width (m) 

surface 

(km
2
) 

type of 

cable-way 

artificial 

snow 

Valea Dorului sub telescaun 2 M 804 2049 1818 28.7 231 40 0.032 02.07.2008 chairlift no 

Valea Soarelui M 1191 2035 1820 18.1 215 40 0.048 02.07.2008 chairlift no 

Valea Dorului Variantă M 896 2033 1834 22.2 199 40 0.036 02.07.2008 chairlift no 

Valea Dorului sub telescaun 1 M 776 2040 1822 28.1 21.8 40 0.031 02.07.2008 chairlift no 

Carp D 1382 2056 1607 32.5 449 50 0.069 02.07.2008 cablecar no 

Papagal M 847 1870 1649 26.1 221 40 0.034 02.07.2008 cablecar no 

Drumul de vară M 2971 2044 1650 13.3 394 30 0.089 02.07.2008 cablecar no 

Scândurari M 505 1969 1820 29.5 148 50 0.025 02.07.2008 ski-lift no 

Începători B 173    20   not homologated   

Legătura D 173    91   not homologated   

Târle D 534    221   not homologated   

Furnica B 270    77   not homologated   
Noua turistică (Cota 1400) M 2154    402   not homologated   

 

TOTAL 
23.07% for advanced 

skiers 

61.5% for medium skiers 

15.3% for beginner skiers 

 

12676 

      

0.374 
   

Buşteni Resort 
Name of ski piste Features of the ski pistes homologation 

date 

Facilities 

difficulty level length 

(m) 

departure 

elevation (m) 

arrival 

elevation(m) 

mean slope 

(%) 

vertical 

drop (m) 

average 

width (m) 

surface 

(km
2
) 

type of 

cable-way 

artificial 

snow 

Kalinderu M 1400 1295 1000 21.1 295 40 0.056 28.03.2005 gondola yes 

 

              Azuga Resort 
Name of ski piste Features of the ski pistes homologation 

date 

Facilities 

difficulty level length 

(m) 

departure 

elevation (m) 

arrival 

elevation 

(m) 

mean 

slope (%) 

vertical 

drop (m) 

average 

width (m) 

surface 

(ha) 

type of 

cable-way 

artificial 

snow 

Sorica M 2100 1530 978 26.3 552 40 0.084 07.02.2008 gondola yes 

Cazacu M 2050 1530 978 26.9 552 40 0.082 02.06.2006 gondola no 

Azuga Sud B 910 1487 1333 16.9 154 50 0.046 07.02.2008 ski-lift no 

La Stână B 770 1487 1333 20 154 50 0.039 07.02.2008 ski-lift no 

Cazacu variantă M 360 1108 1000 30 108 60 0.022 07.02.2008 ski-lift yes 

Şcoală B 130 1022 1000 16.9 22 60 0.008 07.02.2008 ski-lift yes 

TOTAL 50% for medium skiers 

50% for beginner skiers 

7320      0.281    

 

Predeal Resort 
Name of ski piste Features of the ski pistes homologation 

date 

Facilities 

difficulty level length 

(m) 

departure 

elevation (m) 

arrival 

elevation(m) 

mean slope 

(%) 

vertical 

drop (m) 

average 

width (m) 

surface 

(km
2
) 

type of 

cable-way 

artificial 

snow 

Clăbucet M 2100 1449 1051 20 398 35 0.073 01.10.2006 chairlift yes 

Cocoşul M 2250 1449 1051 18 398 30 0.067 01.10.2006 chairlift yes 

Sub teleferic 1 D 1200 1449 1093 31 356 40 0.049 01.10.2006 chairlift yes 

Clăbucet Sosire B 800 1194 1040 19.3 154 35 0.028 01.10.2006 ski-lift yes 

Clăbucet variantă B 790 1194 1040 19.4 154 70 0.056 01.10.2006 ski-lift yes 

Clăbucet şcoală B 200   7 30   01.10.2006 - yes 

Sub teleferic B 670   7 45   01.10.2006 - yes 

TOTAL 14.8% for advanced skiers 

28.5% for medium skiers 

57.1% for beginner skiers 

8010      0.273    
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Fig. 5 Departure and arrival points of ski tracks 

 

Fig. 6 Difficulty level of the ski tracks 

Source: National Institute of Research-Development in Tourism, 2009 

 

Fig. 7 Surface of ski tracks
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2. Climate variables 

In order to show the characteristics of the snow 

layer, we have processed the data form the local 

weather stations registered between the years of 

1961-2007 (Table 3). 

Table 3 Pattern of weather stations din Bucegi Mountains and Prahova valley 

Weather station 

(alt-m) 

Geographical 

coordonates 

Air temp. 

(o) 

U

% 

Rain 

(mm) 

Snow falls duration 

(days) 

Snow depth 

Latitude Longitude high mediu

m 

lo

w 

annua

l 

selected period time November-15 

April 

Vf. Omu - 2505 45°27′ 25°27′ -2.5 87 1065.9 362 326 237 36.7 62.6 

Sinaia - 1500 45°23′ 25°30′ 3.7 78 1226.9 276 238 181 14.5 33.2 

Fundata - 1371 45°26′ 25°16′ 4.3 79 898.7 276 230 165 10.5 26.3 

Predeal 45°30′ 25°23′ 4.9 83 942.5 264 203 140 12 30.9 

 

The climate is an important tourist resource 

(Besancenot, 1990) and is analyzed considering the 

depth of the snow layer with regard to the ski 

activities, being safe to say we have a snow-reliable 

area if: in seven out of ten winters there is snow 

covering of at least 30 cm on at least 100 days 

between 1 December and 15 April (Becken and Hay, 

2007, 38). Snow is a very important resource for 

winter tourism activities, especially for skiing 

(Breiling and Charamza, 1999).  

At the highest altitudes, the optimum snow layer 

depth for skiing activities is registered from 

December until the first days of June. At medium 

and low altitudes, the optimum snow depth is 

present between December and March-April (see 

Table 3, Fig. 8). 

 

Fig. 8 Variation of snow depth in Bucegi 

Mountains and Prahova valley (1961- 2007) 

Source: National Institute of Research-Development 

in Tourism, 2009 

To highlight the importance of this parameter for 

winter tourism activities, we have analyzed the 

following values: number of days with snowfall, 

number of days with snow coverage and the 

beginning, duration and the end of the snow-

covered interval. Therefore, considering the local 

weather stations as reference points, we have 

observed that there is a good correlation between 

the altitude and the snow layer (Fig. 9). 

In order to show the above mentioned correlation 

and to make evident their favourability, we have 

generated two climatic models: one for the yearly 

average of the snow depth and one for the number 

of days with snow cover (Fig. 10). 

 

 

Fig. 9 Correlation between number of days with 

snow cover and altitude (up) and between number 

of days with snowfalls and altitude (down) 

3. Accommodation Capacity 

As a response to the favourable natural features for 

the development of tourism, the necessary 

infrastructure was built over time (see Table1). The 

number of accommodation places and the types of 

these facilities differ with the length of the tourism 

phenomena within resorts, with tradition and cultural 

background and was also influenced by the interest of 

private investors after the 1989 Revolution (Fig. 11). 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XI, Issue 2 December 2012, pp. 182-194 
http://dx.doi.org/10.5775/fg.2067-4635.2012.068.d 

© 2013 Forum geografic. All rights reserved. 189 

 

Fig. 10 Snow depth model - yearly average (on the left) and days with snow cover (on the right) 

 

Fig. 11 Situation of number of accommodation 

places in resorts of Prahova valley 

Source: National Institute of Research-Development 

in Tourism, 2009 

The largest number of tourist accommodation 

structures (Fig. 12) is represented by guesthouses 

(bed & breakfasts) - 179 facilities, which account for 

37.1% of the total units from the Prahova Valley. 

These have been established in the last 10 - 15 years 

by Romanian private investors. The hotels, the 

eldest forms of accommodation are represented by 

69 facilities (14.1% of the total number of facilities) 

which provide safety, comfort and healthcare. They 

provide 54.4% of the total number of places in the 

Prahova Valley. Villas, traditional form of 

accommodation in communist times, are 

represented today by 89 facilities, which account for 

18.4% of the total structures, but only 11.4% of the 

total accommodation capacity. They offer affordable 

prices, intimacy and tourist self-sufficiency. The 

rooms rented-out by locals are authorized by the 

National Association for Tourism, but account for 

only 3.7% of the total accommodation places. In the 

same way entire houses function, which are fully 

equipped, making them self-sufficient in terms of 

tourist services and also the tourists can self cater for 

themselves to cut back on the total cost for the 

holiday. There are 44 such units, accounting for 9.1% 

of the accommodation facilities. The other types of 

accommodation facilities (motels, hostels, chalets, 

apartments to let and bungalows) account only for a 

small percentage of the total places. 

 

Of the total capacity of these mountain resorts, 

12,592 beds, Sinaia resort has the larges percentage 

40.6%, justified by the winter and summer tourist 

activities, but also by its important historic and 

cultural landmarks. It is followed by the resort of 

Predeal with 33.4%, where winter tourism is 

characteristic. Next in line is Buşteni resort with 21% 

of the accommodation places, where winter tourism 

is characteristic, but also fresh air cures and walking 

to hiking activities. By far, Azuga has the lowest 

number of accommodation places accounting for 

only 4.8%; it is a small resort characterized by 

remoteness, fresh air and more recently important 

ski slopes. The most important percentage of the 

accommodation places falls within the 3 star 

category facilities (44.3% of the total) represented by 

hotels, villas, guesthouses and chalets. The 2 star 

accommodation facilities account for 28.3%, with 

places in hotels, hostels, villas, guesthouses and 

chalets and rooms to let. The 4 star category 
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accounts for 12.8%, with most of their places divided 

between hotels, villas and guesthouses. The 1 star 

category accounts for 10.4%, with places in all types 

of facilities and 1.3% represented by the 5 star 

structures, represented by hotels, villas and 

guesthouses (Fig. 13). 

 

Fig. 12 Evolution of the number of type accommodation places in the resorts of the Prahova Valley 

Source: National Institute of Research-Development in Tourism, 2009 

 

Fig. 13 The situation of the accommodation places 

falls within the stars 

Source: National Institute of Research-Development 

in Tourism, 2009 

4. Tourist flow 

The tourist flow has registered significant growth 

proportionally with the growth of the 

accommodation capacity and with the enrichment of 

the tourist offer. All resorts, except for Buşteni, have 

registered significant growth in the number of 

incoming tourists, especially Predeal and Sinaia (Fig. 

14). To render evident this phenomenon for the 

Prahova Valley, we have used the demand variation 

index (Cristureanu, 1992): 

Δ 100
0

01 



t

tt
DD  

where 

 

ΔD - demand variation index 

t1 - total value for the year 2007  

(number of tourists) 

t0 - total value for the year 2003  

(number of tourists) 

 

Fig. 14 The evolution of the number of tourists in 

the Prahova Valley 

Source: National Institute of Research-Development 

in Tourism, 2009 

The value of the index for the Prahova Valley 

between 2003 and 2007 was 76.2%, which represents 

an important growth of the tourist flow. The highest 

value was registered for Predeal resort, a growth of 

116.8%, whose tourist role is essential, followed by 

Sinaia resort, with a growth of 92.6%. Even Azuga 

registered an important growth of 31.1% due to the 

recent development of the ski domain in the Baiul 
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Mountains. The resort of Buşteni lost 11.6% of the 

tourist flow, to its competitors, Sinaia and Azuga 

resorts which tend to polarize the winter-sport 

tourists due to their important ski domains. The 

Prahova Valley and the Bucegi Mountains receive 

important flows of tourists from 11 main European 

and North-American countries (Table 4). The main 

market is represented by Israel, Poland and 

Germany, the second by the Republic of Moldova, 

Germany Italy and the USA, the third market is 

represented by Israel, Austria and the Russian 

Federation, the fourth by Italy, France, Austria and 

Spain and the fifth by Ukraine, Russian Federation, 

Italy and France. 

Table 4 Main foreign markets (National Institute of Research-Development in Tourism 2009) 

 First market Second market Third market Fourth market Fifth Market All markets 

%) Country % Country % Country % Country % Country % 

Predeal Israel 14.4 Germany 10.9 Austria 8.7 France 6.6 Russian Fed. 5.0 45.6 

Azuga Poland 41.1 Rep. of Moldova 25.9 Israel 15.4 Italy 8.5 France 2.8 93.9 

Buşteni Germany 18.8 Italy 8.9 Russian 

Fed. 

8.5 Austria 6.3 Ukraine 6.1 48.5 

Sinaia Israel 40.7 U.S.A. 7.5 Russian 

Fed. 

5.4 Spain 4.1 Italy 3.9 61.7 

The largest percentage of tourists is represented 

by Romanians, between 94% and 98% (Fig. 15), 

except for Sinaia resort, where almost 20% of the 

tourist are foreigners, due to its remarkable tourist 

landmarks and diverse accommodation facilities. 

The preferred accommodation facility of the 

foreigners is the hotel, in Sinaia and Buşteni resorts 

reaching the highest percentage (see Fig. 15). 

 

Fig. 15 Percentages of Romanian vs. foreign tourists (on the left) and the number of hotel places for 

foreigners (on the right) 

Source: National Institute of Research-Development in Tourism, 2009 

The medium duration of stay also differs for the 

two categories of tourists: domestic and 

international (Fig. 16). The highest values are 

characteristic for the winter and spring moths, since 

these resorts are winter-sports resorts, where the ski 

season can last up to 4-5-6 months/year, considering 

the altitude and the snow quantity. In some resorts, 

the highest values are registered in the summer 

months (Azuga and Sinaia) or even autumn (Azuga 

and Buşteni) when the climate and the landscape is 

favourable for tourist practices like walking, hiking 

or fresh-air cures. 

 

In order to show the relation between the 

numbers of tourists coming to the resorts of the 

Prahova Valley and the local population, we have 

applied the tourist traffic density index 

(Cristureanu, 1992):  

Pop

N
I t

ttd   , 

where, 

Ittd-tourist traffic density index 

Nt - total number of tourists  

Pop - population of the resort 
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Fig. 16 Comparative situation of medium duration of stay for domestic tourists (on the left) and for 

international tourists (on the right) 

Source: National Institute of Research-Development in Tourism, 2009 

The highest value of 32.8 was calculated for 

Predeal resort, due to the large number of tourists 

and the few residents (5651 persons). In Azuga 

resort (with a population of 5213 residents) the 

index is 1.4, in Buşteni resort (with a population of 

10463 residents) the index is 5.4 and for Sinaia resort 

(with a population of 12888 residents), the index has 

the value 22.6 due to the large number of incoming 

tourists. Having in view that the main economic role 

of these resorts is tourism, the resident population’s 

service capacity is considered to be optimal for the 

number of tourists they receive. 

Conclusion 

The land surface of the studied area, through its 

characteristics, especially altitude and slope, and 

also the climatic features related to snow favour the 

development of all types of winter tourism activities. 

On the other hand, it is without a doubt that tourism 

in the Bucegi Mountains has registered significant 

growth. The more experienced tourist-demand 

reclaimed the construction of new of 

accommodation facilities, but also the improvement 

of the living conditions. The foreign as much as the 

domestic tourist flows with certain demands have 

determined the emergence of new forms of tourism 

for both the summer and the winter seasons. The 

Bucegi Mountains and the Prahova valley represent 

a tourist area of major importance within the 

Romanian Carpathians, which is why it was 

included in the first group of resorts as a consequence 

of its tourist potential and of its numerous facilities 

for tourism activities (Ţigu, 2001). The tourist value of 

the winter resorts can be acknowledged with the help 

of the functionality index (Ţigu, 2000). Therefore the 

indices calculated for the resorts of the Prahova valley 

have show frequencies based on the types of tourist 

activities, of the presence and density of the specific 

infrastructure and accommodation facilities (Table 5). 

Table 5 Functionality index 

 Qt/Qp Lt/Nloc Qt/Nloc Lp/Nloc 

Predeal 0.8 0.6 0.2 1.9 

Azuga 2.2 5.7 5.1 11.9 

Buşteni 1.6 2.3 0.4 0.5 

Sinaia  2.2 1.7 1 2.4 

where 

Qt - hourly capacity of the cable transportation  

Qp - ski tracks capacity (parameters considered 

are the length, width and degree of difficulty) 

Lt - length of the cable transportation  

Lp - length of the ski tracks 

Nloc - number of accommodation places (beds) in 

the resort 

On the other hand, according to Ţigu (2001), we 

have evaluated the degree of attractiveness of the 

resorts from the Prahova valley, on the basis of the 

following factors (Table 6). 

Table 6 Mountain resorts’ attractiveness rating 

Resort/fact

or 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 Tota

l 

Predeal 5 5 5 5 4 4 4 4 3 3 3 5 4 5 5 5 4.43 

Azuga 4 4 4 2 2 2 3 2 3 3 2 3 1 3 3 2 2.81 

Buşteni 5 5 4 4 3 3 3 1 2 2 3 4 2 4 3 2 3.24 

Sinaia 5 5 5 5 4 5 4 4 4 2 4 5 5 5 5 5 4.60 

 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XI, Issue 2 December 2012, pp. 182-194 
http://dx.doi.org/10.5775/fg.2067-4635.2012.068.d 

© 2013 Forum geografic. All rights reserved. 193 

where 

F1 - accessibility from the physical geography point 

of view, but also from the infrastructure point of 

view (airport, roads, railroads) 

F2 - tourist potential, the variety and quality of 

natural and man-made landmarks 

F3 - potential ski area, possible to delineate for 

alpine or back-country skiing  

F4 - accommodation capacity  

F5 - degree of comfort of the accommodation facilities  

F6 - length and quality of existing ski tracks  

F7 - number and quality of the cable transportation 

facilities and their correlation with the capacity of 

the existing and potential ski tracks   

F8 - correlation of the length of the ski tracks with 

the number of accommodation places 

F9 - correlation of the length of the cable transportation 

facilities with the number of accommodation places 

F10 - correlation of the cable transportation’s hourly 

capacity with the number of accommodation places 

F11 - type and diversity of summer leisure activities  

F12 - the actual domestic demand 

F13 - the actual international demand 

F14 - the potential domestic demand 

F15 - the potential international demand 

F16 - the marketing activity of the resort, including 

international campaigns 

In order to rise the degree of attractiveness, the 

local and national authorities plan on tacking measures 

with European financial aid in the forms of certain 

projects. The focus will be on the enlargement of the 

ski area by lengthening the tracks and enlarging their 

surfaces and at the same time lengthening the cable 

transportation facilities. Nonetheless, the optimal 

interconnectivity should be also found as much as a 

satisfying ratio of the tracks degree of difficulty which 

will ensure a higher rating of the resorts. The 

investment categories will be represented by modern 

cable transportation, artificial snow production and 

snow caterpillars (National Institute for Research-

Development in Tourism, 2009).  

According to National Institute for Research-

Development in Tourism (2009) the accommodation 

capacity will increase and it will follow European 

standards of comfort. Also the existing traffic 

capacity will be optimized by the construction of a 

new highway. All these measures will be most 

necessary in the near future for the fact that 

Romania will host the winter edition of the 

European Youth Olympic Festival, in 2013. It will 

take place in the area of the Prahova Valley in the 

resorts of Predeal, Azuga, Buşteni and Sinaia. This 

represents a preliminary stage of the procedures 

Romania has to accomplish in order to be able to 

apply for the organization of the Winter Olympic 

Games of the year 2020 (National Institute for 

Research-Development in Tourism,  2009).  
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Abstract 

This paper presents the morpho-hydrographical 

characteristics that define the torrential system 

inside the Sebeş basin (the Parâng Mountains). The 

manifestation of torrential erosion takes place on 

river basins of different sizes. In order to bring out 

the quantitative and qualitative differences in the 

stream discharge structure, we resorted to the 

determination of some geomorphometrical indices 

such as: the number of river segments, the frequency 

of elementary thalwegs, incipient or total 

torrentiality. The great density of the temporary 

valleys network, along with the emphasized slope of 

the ditches and flanks generate a high instability. 

The local differentiations of the geological sublayers 

and the complementarity of the use of the Cindrel, 

Lotru and Şureanu mountain areas generate its own 

answer forms on the aggressive action of the 

torrential rainfalls on elementary segments with 

temporary functionality, as well as on permanent 

hydrographic thoroughfares. The tributary streams 

received by the Sebeş River in the Carpathian sector 

have small hydrographic basins and they do not 

exceed rank 4 in the Horton-Strahler classification 

system. Torrentiality is stimulated by the combined 

effect of snowmelt and spring rains, but mostly by 

the aggressiveness of the torrential summer rains, 

which take over a modified geomorphological 

background through excessive depasturage, 

deforestation and hydropower harnessing. The 

streams and the floods, through the accumulation of 

high volumes and energies, produce slope damages, 

riverbed shifts, blockages and the destruction of 

communications infrastructure, and material loss. 

Keywords: torrential system, morphohydrodynamic 

conditions, GIS, the Sebeş basin, the Southern 

Carpathians, Romania 

Rezumat. Torenţialitatea – Condiţii 
morfohidrologice în bazinul Sebeş (Grupa 
Munţilor Parâng, Carpaţii Meridionali) 

Acest studio prezintă condiţiile morfohidrologice 

care defines sistemul torrential din bazinul Sebeşului 

(Munţii Parâng). Manifestarea eroziunii torenţiale 

are loc în bazinele râurilor de diferite dimensiuni. 

Pentru a evidenţia diferenţele cantitative şi calitative 

din structura stream discharge, am recurs la 

determinarea unor indici geomorfologici precum: 

numărul de segmente ale râului, frecvenţa 

talvegurilor elementare, torenţialitatea incipientă sau 

totală. Densitatea mare a reţelei de văi temporare, 

alături de panta accentuată a rigolelor şi a malurilor 

generează o instabilitate ridicată. Diferenţierile locale 

ale substratelor geologice şi complementaritatea 

utilizării terenurilor din zonele montale Cindrel, 

Lotru şi Şureanu generează propriile forme de 

acţiune agresivă a ploilor torenţiale atât pe 

segmentele elementare cu funcţionalitate temporară, 

cît şi pe arterele hidrografice permanente. Afluenţii 

primiţi de râul Sebeş în sectorul carpatic au bazine 

hidrografice mici şi nu depăşeşc gradul 4 în sistemul 

de clasificare Horton-Strahler. Torenţialitatea este 

stimulată de efectul combinat al topirii zăpezilor şi al 

ploilor de primăvară, dar mai ales de agresivitatea 

ploilor torenţiale de vară, care preiau un cadrul 

geomorfologic modificat de păstoritul excesiv, 

despădurire şi amenajările hidrotehnice. Cursurile şi 

inundaţiile, prin acumularea unor volume mari de 

energie, produc pagupe ale pantelor, schimbări ale 

albiei, blocaje şi distrugeri ale infrastructurii de 

comunicaţii şi pagube materiale. 

Cuvinte-cheie: sistem torenţial, condiţii 

morfohidrodinamice, SIG, bazinul Sebeş, Carpaţii 

Meridionali, România 
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Introduction 

Torrentiality is a complex of morpho-

hydrodynamical processes specific to the mountain, 

hill and plateau areas, where the geological 

conditions and the relatively steep slope facilitate a 

concentrated stream discharge from rains or snow 

melting. The weather conditions, mostly heavy 

rainfalls cause sheet flows and floods, with a high 

potential of relief shaping. The intensity of the 

shaping and the effects in the geomorphological 

landscape depend directly on the morphometrical 

characteristics of the pre-existent relief, but also on 

the duration, the frequency and the intensity of the 

hydroclimatic phenomena. The literature highlights 

the bivalent feature of the torrentiality: 

geomorphological – as a complex action of the water 

resulted from downpours and snow melt, which 

create landforms (the torrential organism) (Vâlsan, 

1931; Posea, et al. 1970; Grecu, 2004; Ielenicz, 2004) 

and hydrological – as a temporary quick water 

stream, manifested through high and short-term 

floods, which cease shortly after the rain ends. 

(Sorocovschi, 2004; Pişota et. al., 2005). The two major 

meanings of the torrentiality and the feed-back 

relations between the geosystem components 

(climate, relief, waters) motivate a systemic and 

integrated approach and the study of the phenomena 

on small hydrographic basins. The figure 1 shows in a 

simplified manner the conditions that compete on the 

formation of the torrential system, this model being at 

the same time the basic structure of our study. 

 

Fig. 1 Conceptual pattern of torrential system 

Study area 

The Sebeş river basin covers a surface of 1289 

sqkm, of which the Carpathian basin, that we will 

deal with in this study, has a surface of 631.5 sqkm 

at Căpâlna. The hexagonal form of the Carpathian 

basin, approximately 40 km long, 25 km maximal 

wide and the median position of the accumulator 

have determined the development of lower order 

hydrographic basins with a length of maximum 15 

km and small surfaces (table 1 and 2). 

The high relief energy, the low ground level of the 

accumulator and the emphasized slope have 

determined the deepening of the tributary streams 

and the formation of short mountainsides with steep 

slopes, plotted by a dense valley network. This 

represents the main cause of the torrentiality in the 

Carpathian basin of the Sebeş river, which has a great 

weight and frequency especially in the gorge sectors 

of the Sebeş River, upstream of Şugag and between 

Şugag and Săciori and the tributary streams: the 

Bistra, Dobra, Prigoana etc. The high fragmentation of 

Gornoviţa leveling surface on the right side of the 

Sebeş river (Bistra – Şugag Valley and Dobra 

interfluves and Dobra – Nedeiul – Secaşul Mare and 

on the right side of the Sebeş river in the Jidoştina – 

Bârsana area) leads to geomorphologic imbalances in 

the highly rainy periods.  

The torrentiality has a periodicity and a 

spasmodic and fast manifestation, which depend on 

the nivopluvial supply type, subordinated to a 

mountain climate, with medium precipitation 

amounts between 700 -1200 mm/year and heavy 

torrential rains. The structural and lithological basis 

disposed through elementary processes, the 

deepening of the valley network and the formation 

of high energy relief mountainsides and slopes, the 

development of the mountain area through 

depasturage and forest exploitation and the 

hydropower harnessing of the basin represents the 

agents that emphasize these processes. The highest 
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imbalances are recorded after the torrential 

expressions on the deforested mountainsides or on 

those occupied by secondary pastures destined for 

pasturing activities. In the gorge of the Sebeş river, 

the torrentiality constitutes an extremely active 

process, which obstructs the national road 67C (the 

Transalpina) with large volumes of rocks detached 

from the mountainsides and endangers the 

settlements of the inhabitants and even their lives 

(Muşetoii- Dobra Stream, 1998, 1999). The torrential 

features in the 1990s have constituted the basis of 

the classification of the Sebeş river basin in the 

section V of PATN (National Spatial Plan) – Natural 

risk zones (approved by law 575/2001), with high 

precipitation amounts and high flood-risk due to  

river overflows and torrent effluxes. 

The role of relief in the producing of 

precipitations 

Being a part of the Southern Carpathians, the 

mountainous Sebeș-river basin is under the climatic 

conditions of the continental temperate climate, 

whereby diversification features occur, due to: the 

northern exposure of the basin and its position on the 

dominant western air circulation, the layout of 

summits and valleys against the circulation of air and 

the disposition in altitude (Costea, 2005). The high 

relief energy on the valley corridors of the Sebeş River 

and its tributaries (200 – 600 m/sqkm), the 

verticalness of the versants and the thermobaric 

characteristics which vary depending on altitude, 

determine local air circulation phenomena during the 

day (mountain-valley winds) accompanied by air 

condensation processes and huge precipitation 

especially on summer days in the Carpathian basin. 

The steep versants of the valley between Oaşa and 

Săsciori and the mountainous summits nearby 

reaching altitudes of 1700 – 1200 –  1000 m represent a 

“condensation ceiling” (Dragotă, 2006; Bogdan, 2008) 

causing huge precipitation. When the cyclone activity 

is intense, there is abundant precipitation, the average 

yearly/daily quantities reaching maximum values.  

The most representative role in the mountainous 

basin, with respect to the precipitation regime, is 

played by the Oaşa intra-mountain depression, 

whose concave surface occupied almost entirely by 

the Oaşa storage lake, in addition to the summits 

nearby, induces thermal differences and surplus 

humidity. The closing of this depression towards 

north, through the Sebeş defile, and its wide 

opening towards south facilitates the accumulation 

of air masses drawn by the south-western and 

southern circulation which crosses the Southern 

Carpathians. The configuration of the summits in 

the upper sector of the basin facilitates the entrance 

of the air into this depression.  

For the Carpathian basin of the Sebeş river the 

Păltiniş station is representative. The records of 

precipitations made between 1970 and 2007 at this 

station indicate that the annual amounts of 

precipitations exceeded the multi-annual average 

figure (i.e. 970.84 mm) in 19 out of the 37 years, of 

which in 17 years the annual amount was above 1000 

mm p.a. In most of the cases (twelve), the surplus 

measured against multi-annual average amounts was 

in the range of 100 – 500 mm p.a. The highest 

monthly precipitation amounts recorded in this 

interval in the mountainous Sebeș basin were greater 

than the mean multi-annual monthly figures by 50–

200 mm. The surplus of the highest monthly average 

figures as taken against the average multi-annual 

monthly figures was 50–75 mm during winter 

months. The maximum surplus were recorded during 

the summer, and amounted to 100–200 mm. 

The distribution of the maximum amounts of 

rainfall per 24 hours is also according to the basin 

distribution in altitude. In the mountainous basin of 

Sebeş river, the maximum amounts of precipitations 

for 24 hours account for 50 – 85% of the mean multi-

annual monthly figures recorded (in 3 cases, these 

figures were exceeded altogether: 54.5 mm/10 

February 1984, 56.4 mm/13 October 1998, and 55.4 

mm/3 January 2007). The maximum diurnal figures 

were still recorded in the warm season: 76.8 mm on 

08 May 1987, 68.6 mm on 23 June 1999, 67.4 mm on 

11 July 1994; the first value is also the absolute 

maximum 24-hour figure for the Păltiniş station 

between 1986 and 2007. The diurnal maximum 

figures occur due to an association of pressure highs 

and lows with altitude. Above the basin, 

transformations of the dominant oceanic air masses 

and the Mediterranean cyclones take place, upon 

their contact with the orographic barrier of the 

Southern Carpathians (Dragotă, 2006).The major 

thermal convection taking place in the summer 

along with the condensation platform that is 

generated by the steep mountain sides and the high 

summits of the basin determine the increase of the 

maximum precipitation amounts for 24 hours. Still, 

these occur within the limits of the mean multi-

annual monthly figures that are recorded for the 

months when they occur. Compared against the 
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warm season, the poor thermal convection of the 

cold season as well as the domination of the 

continental pressure lows determines low 

precipitation levels, regardless of altitude.  

Data and Methods 

This paper focuses on direct land observation, on 

the calculation and the interpretation of 

morphometrical indicators in the topographic maps, 

with GIS software. The extraction of 

geomorphometrical elements was made through the 

direct measurement of the topographic maps scale 

1:100.000, completed with detailed land 

measurements and on maps with a higher scale       

1:50.000 and 1:25.000. The hierarchization of the 

hydrographic network was made in the Horton 

(1945) – Strahler (1962) system, through the 

assignment of the first rank to the elementary units 

that do not receive any tributary stream and through 

the quantitative and qualitative jump resulted from 

the fusion of two streams of the same rank (table 1). 

Using the hierarchization of the hydrographic 

network the major tributary stream basins were 

selected, calculating individually or cumulated the 

morphometrical parameters for the Sebeş river basin: 

the lengths of segments, average drainage density, 

frequency of the elementary river segments, incipient 

and total torrentiality. All parameters are presented 

by means of a synthetic chart in table 1 and 2. 

Table 1 The number of segments of different orders Nx, the summed length of the segments Nx (L), 

average length (l) 

Basin F 

(sqkm) 

N1 L1 (km) l1 (km) N2 L2 l2 (km) N3 N4 N5 N6 N7 

Frumoasa 62,47 70 69,3 0,99  11 29,2 2,65 2 1 - - - 

Tărtărău 21,1 23 19,7 0,86  6 9 1,5 1 - - - - 

Curpăt 23 18 19,8 1,10  3 7,4 2,47 1 - - - - 

Sălane 46,95 66 55,3 0,84  13 15,2 1,17  3 1 - - - 

Valea Mare 8,20 12 11,6 0,97  2 3,1 1,55  1 - - - - 

Cibanul 53,17 38 37 1,09  8 16,6 2,08  2 1 - - - 

Prigoana 29,87 38 33,4 0,88  8 10,4 1,3 3 1 - - - 

Gothul 14,11 16 14,7 0,92  3 5,5 1,83 1 - - - - 

Miraş 18,01 25 19,7 0,79  2 9,2 4,6 1 - - - - 

Bistra 51,5 60 57,6 0,96  11 17,2 1,56 2 1 - - - 

Dobra 90 125 111,2 0,89  23 28,2 1,23 4 2 1 - - 

Groşeţul 13,36 19 14 0,74  5 5,7 1,14 1 - - - - 

Mărtinie 40,86 88 58 0,65  20 17,5 0,88 3 1 - - - 

Nedeiu 16,29 37 26,5 0,72  6 9,6 1,6 2 1 - - - 

Sebeş at Căpâlna 631,5 810 705,2 0,87  152 218,8 1,44 32 9 2 1 - 

Sebeş  

watermouth 

1289 1434 1239,3 0,86  293 521 1,78 70 20 4 2 1 

Source: calculated data 

Concerning the cartography of the 

geomorphologic indices, we mention that two major 

tributary streams have been selected: the Frumoasa 

with the basin developed in the high mountain sector 

and Nedeiu for the low mountain and piedmont 

sector. The maps were created in ArcGIS 9.3.1 and 

SAGA (Open Source). The vectorization files were 

converted in raster and TIN format. Using the Raster 

Surface toolbar we created the slope and 

mountainsides’ display maps. The raster file was 

used as well in processing the hierarchization of the 

hydrographic network map (Strahler). As an 

intermediary step in the accomplishment of this map, 

we created the drainage direction map. For the 

procession of the other maps we used SAGA, the 

newer version of DIGEM. Maps illustrating the plan 

form curvature, the profile curvature, the wetness 

index and the erosion potential have been created 

with this program. 

Results and Debates 

Morphometrical Features of the Relief 

The morphometry of the relief, through the 

specific indices (the hierarchization of the 
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hydrographic network, slopes), represents one of the 

major agents that encourage the torrentiality in the 

Sebeş river basin. The analysis of the 

morphometrical peculiarities provides us valuable 

data on the evaluation of the torrentiality through 

the outline of dispersion or drainage concentration 

areas and those of predominant erosion or 

deposition. In order to highlight these aspects, we 

have resorted to GIS applications and to indices of 

the plan form curvature and profile curvature. 

The hierarchization of the drainage network was 

made in order to mark out the number and the 

length of the low order segments, which contribute 

on the calculation of the total and incipient 

torrentiality. All the tributary streams that the Sebeş 

river receives inside the gorge in the low mountain 

level and at the contact area between the mountain 

and the depression have small surface basins and 

they are of lower orders. Dobra is the tributary 

stream with the biggest hydrographic basin (90 

sqkm) and Valea Mare, left-side tributary stream at 

Oaşa has the smallest basin (8.20 sqkm). Most of the 

tributary streams have basinal surfaces between 15 – 

50 sqkm and are of the third (Groşeţ, Valea Babei, 

Goth) and forth order (Nedei and Mărtinia) (table 1). 

The valleys are over-deepened in the confluence 

areas with the Sebeş river, well represented from the 

interfluves, which have a low operation and whose 

surface restraint is more and more deepened, as a 

consequence of the mountainside processes and the 

regressive erosion.   

From the morpho-dynamical point of view, the 

Carpathian sector is characterized by a high shaping 

potential as a result of the prompt rainfall 

concentration on the elementary river segments 

(first order) (table 2) and the possibility of 

production, through energy accumulation of 

maximum flood waves on the main ditch. The water 

drainage off the mountainside happens in short time 

and the torrential flood evacuation takes place with 

the mentioning of the risk factors, especially on the 

tributary streams of the Sebeş river (Costea, 2005). 

The values of these parameters are continuously 

changing, being in strong correlation with the 

physical-geographical features of the Sebeş river 

basin. Their dynamics is enforced by certain 

variables: the tectonics, the lithological diversity, the 

expression intensity of the prior erosion processes, 

drainage regime, forestation level, the anthropic 

impact through the forest activities, excessive 

depasturage and the hydroenergetic arrangement of 

the Sebeş river basin, developed on the general 

northern exposure and that of the phenomena and 

geographical processes range. The high number of 

river segments of the first and the second order from 

the mountain area can be explained by the presence 

of a thick alteration crust (2 – 3 m), the intensity of 

the elementary processed and the shaping exerted 

by the concentrated drainage. The density network 

of the first, second and third order from the 

submountain area reflects through its values the 

morphological and structural contact between the 

mountain and the depression. The low development 

of the tributary stream basins and the high 

frequency of the short-length elementary network 

correspond with the relief fragmentation values. (1,6 

– 3.6 km/sqkm, 200 – 500 m). 

The medium length of the elementary segments 

(first order) is low, on an average below 1 km and 

varies from 0.65 km in the Mărtinie basin up to 1.10 

km in the Curpăt basin. Likewise, the second order 

segments are quite short, with an average length 

between 1 km and 2.65 km, which determines the 

concentration time of the rainfall water be very short. 

Ascribing the length of the lower order river 

segments to the area occupied by the 

hydrographical basins of the Sebeş river tributary 

streams, enabled us to obtain the torrentiality 

indices (table 2). The incipient torrentiality has the 

highest values in the Valea Mare basin (1.42 

km/sqkm) developed in the upper basin of the Sebeş 

river, in the Mărtinie basin (1.42 km/sqkm) and in 

Nedei basin (1.63 km/sqkm). The lowest values of 

the torrentiality registered in Prigoana basin (0.11 

km/sqkm), Ciban basin (0.7 km/sqkm), Curpăt basin 

(0.86 km/sqkm) on the one hand because of the 

basinal surfaces relatively short and on the other 

hand due to the percentage  of the depresionary 

landscape (the depresionary lower basins are very 

well developed on altitudes between 1300- 1450). 

The total torrentiality presents values that are 

clustered in three levels: 1 – 1.5 km/sqkm (Table 2), 

1.5 – 2 km/sqkm and 2 – 2.5 km/sqkm. The lowest 

values are found in the basins of the upper sector 

tributary streams and the highest values are 

registered in the basins of the Sebeş river tributary 

streams from the contact area between mountain 

and holler (Nedeiu – 2.22 km/sqkm) or in the basins 

developed over a crystalline schist base in the 

epizone, easily alterable and shapeable (Mărtinie, 

Dobra, Miraş). 
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Table 2 The frequency of elementary river segments (υ1), the incipient torrentiality (Ti), the total 

torrentiality (Tt), the average drainage density (Dd) 

Basin F 

(sqkm) 

υ1 = ∑N1/F 

N1 / sqkm 

Torrentiality km/sqkm Average drainage 

density 

∑L / F (km/sqkm) 
Incipient 

∑L1 / F 

Total 

∑(L1+L2) / F 

Frumoasa 62,47 1,12 1,11 1,56 1,58 

Tărtărău 21,1 1,09 0,93 1,36 1,64 

Curpăt 23 0,78 0,86 1,18 1,45 

Sălane 46,95 1,41 1,18 1,50 1,87 

Valea Mare 8,20 1,46 1,42 1,79 2,13 

Cibanul 53,17 0,64 0,70 1,01 1,20 

Prigoana 29,87 1,27 0,11 1,47 1,82 

Gothul 14,11 1,13 1,04 1,43 1,59 

Miraş 18,01 1,39 1,09 1,60 1,73 

Bistra 51,5 1,17 1,12 1,45 1,69 

Dobra 90 1,39 1,24 1,55 1,90 

Groşeţul 13,36 1,42 1,05 1,47 1,79 

Mărtinie 40,86 2,15 1,42 1,85 2,26 

Nedeiu 16,29 2,27 1,63 2,22 2,49 

Sebeş at Căpâlna 631,5 1,28 1,12 1,46 1,78 

Sebeş flowing into 

Mureş 

1289 1,11 0,96 1,37 1,71 

Source: calculated data 

The determination of the hierarchization order of 

the hydrographic network in the Sebeş river basin 

and the comparative analysis of the 

geomorphometrical indices from the tables above 

enabled use to select the following features: the 

segments from the first and the second order belong 

to the upper course of the Sebeş river tributary 

streams – ravines, gullies in different stages of 

development, marked by a linear regressive erosion 

(Rădoane et al, 1999); the torrents’ supply basins – 

situated around the high peaks are drained only by 

an elementary network, which in the conditions of 

torrential rainfalls directs a part of the hydrologic 

flux loaded with a solid formation resulted from the 

eluvial and eluvial-deluvial deposits to the not so 

deep second order ditches, but having steep slopes, 

favorable locations for torrents and floods 

occurrence; the third and forth order segments 

correspond to a permanent hydrographic network – 

medium and lower courses of the tributary streams, 

on which a deep linear erosion and the material 

transportation are manifested. 

The terrain declivity represents a very important 

morphodynamic indicator by the capacity of 

determination of erosion or accumulation processes 

according to the water volume energy (kinetic or 

potential) (Goţiu, Surdeanu, 2008). From the map 

slopes analysis for the two tributary streams of the 

Sebeş river – Frumoasa (in the upper basin) and 

Nedei (at the contact area between the mountain 

and the holler) results that the lower slopes are 

found at the level of the interfluves, where mostly 

the areal erosion processes with medium to strong 

intensity action, combined with the diffuse flow 

processes, spread especially at the level of erosion 

platforms and the forest denuded mountainsides. A 

part of the materials stored in the eluvial and 

eluvial-deluvial deposits are trained in displacement 

by these processes to the closest sources and river 

valley passage ways. The torrents’ supply basins, 

situated around the high tops represent the most 

favorable relief for the snow accumulations as well, 

which provides wetness for the alteration crust or 

water volume for the drainage. Low slopes are 

found also in the river meadows (Frumoasa, 

Prigoana, Ciban, Curpăt), depressionary small 

basins, where the slope facilitates the accumulation 

phenomena and the excessive wetness (fig. 2).  

The most frequent declivity values overpass 

values between 40o and 60o, mostly on the upper 

half of the mountainsides and at the mountainside 

feet (glacises), where erosion areas can be identified. 

The torrential valleys, with the not so deep 

drainages, but with deep slopes are favorable places 
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for torrents. The immediate effects of the 

phenomena are the dislodging of the unconsolidated 

material on the mountainside (cliffs, stone blocks, 

mobile and semi-mobile scree) and the vegetation 

and soil covering destruction, creating the 

development premises for new processes (Rădoane, 

Rădoane, 2007). The torrential modeling is produced 

through the passage of material from the upper and 

medium level of the mountainside to the lower 

level. The change of the slope angle at the mountain 

feet conditions the alluviation and clogging 

processes, mostly at the tail of storage lakes and in 

depressionary small basins, where the materials’ 

storing is made according to the tributary rivers’ 

dimensions and competence. 

 

 

Fig. 2 Declivity in the Frumoasa (top) and Nedeiu basins (down) 

Slopes over 600 are specific to the half or third 

lower levels of the mountainsides. In these sectors, 

the torrentiality is restricted by the high forestation 

level of the mountainsides. In spite of the high 

forestation level, imbalances have occurred due to 

rainfall surplus. Deforestation and pasturing usage of 

the Porumbelu – Fântânele interfluve, developed on 

epizone crystalline schist, between Bistra and Dobra 

valleys, the numerous erosion forms set on the animal 

pathways, as well as the hydrotechnical development 

works created to pump the Dobra basin’s water in the 

pipe-lines to the Tău Bistra lake are the major factors 

in activating the imbalances. On this basis, the 

torrential manifestation during the rainy years (1998, 

1999, 2005) have created large size erosion and 

storage forms. The outfall fans of the road overflowed 

torrents endanger the traffic on the Trans- Carpathian 
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road DN 67 C (Transalpina) due to the material 

agglomerations as well as the Sebeş riverbed. 

Slope length factor - LS - (fig. 3) constitutes an 

index of the topographic area features, that 

cumulates two major indicators in the mountainside 

drainage, namely the slope and the length of the 

mountainside. This index is used in the erosion rate 

adjustment in the universal equation of the soil 

erosion (Wischmeier et al, 1978, Renard et al, 1996). 

This index was calculated using the numerical 

model of the soil (DEM) priorily resulted by a GIS 

processing and shows the length of the course 

followed by the hydric flux on a mountainside from 

any point to the closest location in which the slope 

change determines the accumulation, the stagnation 

or the divergence of the flux. 

 
 

 

Fig. 3 Length slope for the Frumoasa (top) and Nedeiu basins (down) 

Hence, the length of the slope is very useful in 

the identification of the drainage and erosion 

intensity (Rădoane et.al., 1999). The raise of the slope 

determines the raise of the drainage erosion power 

and the development of the flux transport capacity. 

The transport capacity is directly related to the slope 
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length and implicitly, to the expansion of drainage 

area.  The high values of the LS factor are found 

along the valleys, on the ditches and in the 

hydrographical or torrential convergence areas. The 

differences between the values resulted on the two 

hydrographic basins are determined by the altitude 

differences. The high values (160 – 200 – 300) 

indicate an increasingly transport capacity from 

upstream to downstream on the first and the second 

order river segments. The low values of the factor 

are found on the interfluves’ level, where flat or 

nearly horizontal surfaces are representative, 

specific for the Borăscu (for Frumoasa) and 

Gornoviţa (for Nedeiu) erosion platform. The 

medium values (80 – 140) are found on the 

mountainsides, which are very well forested in the 

entire Sebeş river basin and reduce the drainage 

transport capacity through the vegetation role as 

fixation factor and wetness stochastic structure. 

Profile curvature represents a morphometric 

index of the relief which emphasizes the concave or 

convex contour of a profile section, perpendicular 

section on a horizontal surface adequate to the level 

curvatures that cross that shape (fig. 4 top).  

 

Fig. 4 Distribution of profile curvature (Frumoasa basin – top) and plan curvature (Nedeiu basin – down) 

  



 
 

Torrentiality – Morphohydrographical Conditions in the Sebeş Basin (The Parâng Mountains Group, Southern Carpathians) 

204 forumgeografic.ro 

The profile curvature shows us if a certain point 

on the standard profile of the landform 

(mountainside) is situated in a concave or convex 

curvature area. This indicator is very useful in 

pointing out the erosion sectors and the mountainside 

accumulation sectors (Giuşcă, 2006; Goţiu, Surdeanu, 

2008). The positive values on the profile curvature 

maps indicate the shape convexity, which amplifies 

the drainage speed and implicitly, the erosion. These 

are found on the inter-river areas and in the upper 

half of the mountainsides. The high profile curvature 

values are situated at the middle of the 

mountainsides, which facilitates a rapid drainage 

from the mountainsides to the valleys’ bottom. The 

negative values indicate concavity, which entails a 

drainage speed reduction and an accumulation. 

Notable is the distribution of the negative values in 

the Frumoasa basin and their overlap on the 

development areal of the meadows in the 

depressionary small basins of Frumoasa. 

For the Nedeiu basin, the negative values of the 

profile curvature coincide with the torrential 

convergence areas.  

The plan form curvature (fig. 4 down) indicates 

the convexity and the concavity of a perpendicular 

surface toward the maximal slope of the 

mountainside and emphasizes the dispersion or the 

drainage concentration areas. The positive curvature 

indicates a convex area and a divergent drainage in 

that cell. The negative curvature indicates a concave 

area and therefore a convergent drainage. The zero 

value indicates that the surface is flat. The maps 

created on the two representative basins bring out a 

range of values. The plan form, drainage free or low 

drainage areas, numerous at the level of inter-river 

peaks and on the bottom of the valleys in the 

depressionary small basins are clearly detached. 

Concave and convex areas are disposed on 

alternative strips across the mountainsides in the 

both cases, which determine the development of 

concentrated drainage strips or divergent drainage 

strips from the upper level of the mountainsides to 

the lower level. The negative values are found as 

well on the upper level of the mountainsides and 

correspond to the torrential convergence areas. 

Features of the torrential drainage 

The calculation, the graphical representation and 

the cartography of the indicators which the drainage 

depends on, as well as the analysis usage of the GIS 

methods represent an important approach in the 

determination of the causes of torrentiality. Among 

the extremely relevant indices in the torrential 

drainage analysis we mention the stream power 

index and the wetness index. 

Stream power index – SPI – indicates the energy 

rate dissipated by the hydrologic flux resulted after 

its action on the elementary ditches or on the 

channels’ riverbeds and shores. This index stands on 

a proportionality relation between the discharge and 

the reception basin area and between the discharge, 

the erosion power and the ditch slope. (Moore et al., 

1991, Irimuş et al., 2005). This index indicates the 

erosion inside the convex-shaped areas (with an 

accelerated drainage) and the accumulation inside 

the concave shaped areas (drainage speed 

reduction) (Irimuş et al., 2005) (fig. 5). Since this 

index depends on the shape order of rivers and 

basins, we notice that inside the Sebeş river basin, on 

its tributary streams of forth order at most (Horton – 

Strahler hierarchy) the low values of this index are 

dominant (fig. 5), and the highest values are found 

along the main collector. Comparing the two sub-

basins of the same order (IV) we notice that 

Frumoasa has a higher erosional power than Nedeiu 

(maximum 130 000 W/mp, beside 40 000 W/mp). The 

values are differentiated due to the altitude and the 

higher slopes inside the upper basin of the Sebeş 

river, but mostly because the surface differences 

(Frumoasa has a basin four times wider than 

Nedeiu) (table 1). Even if the low values are heavily 

predominant, yet the cumulation of discharges and 

energies represents a real danger in the convergence 

areas and on upper order ditches. 

The drainage is directly influenced by the lands’ 

using mode. In the entire Carpathian sector of the 

Sebeş river basin transformations have been 

produced, concerning the lands’ use, as a 

consequence of the high potential mountain habitat, 

due to the pasturage - main activity in the marginal 

emplacements and not lastly due to the 

hydroenergetical development of the hydrographic 

network and the exploitation of the forestry 

potential. Hereby, the place of the forests has been 

taken by grazing lands, approach roads have been 

crossed and permanent (Jina, Poiana, Arţi, Jidoştina, 

Tău Bistra) or temporary establishments (rooms, 

dwellings, sheepfolds) have been built up. These 

changes of the lands’ using mode have influenced 

the wetness index (fig. 6). This index has an 

important role in the progress of elementary 

processes, but mostly in the streams’ supply. The 
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cartographic representations of this index for the 

two case study basins indicates a distribution 

directly proportional to the altitude, the highest 

values of this index being encountered on the upper 

mountain level and decreasing to the mountain feet. 

The high wetness is found at the stage of low 

drainage leveling areas (Borăscu and Gornoviţa), in 

the torrential reception basins of the low order 

tributary streams, conducive to snow accumulations 

in the river plains. The index differs as well upon the 

slope and the vegetation type. 

 

Fig. 5 Stream Power Index in Frumoasa (top) and Nedeiu basins (down) 
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Fig. 6 Wetness index in Frumoasa (top) and Nedeiu basins (down) 

Hereby, the high wetness is encountered on the 

quasi-horizontal or low-slopes areas occupied by 

pastures, while the sloped and well forested areas 

register a low-valued wetness index. The forested 

areas have a low wetness index, on the one hand 

because the trees’ exploitation in physiological 

processes and on the other hand because of the 

infiltration facilitated by the radicular system. The 

presence of the trees should diminish the drainage 

by the raise of the ruggedness index. Yet 

surprisingly, the torrentiality occurs even in forested 

areas, and on the ditches the material-transport 

torrents cause damages by the dislocation of rock 

blocks and tree truncks (Muşetoaia 1998, 1999) (fig. 

7, fig. 9). Lelong (1984) quoted by Surdeanu (1998) 

mentions that the forest’s role in the induction and 

evolution of the geomorphological processes is 

debatable and that on many times the forest 

represents a destabilization factor for the 

mountainsides by the permeability increase and the 

reduction of sublayer cohesion during the rainy 

periods. 
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Fig. 7 Drain channel of Mușetoaia stream - June 

1999 

 

Fig. 8 Torrent channel in the Frumoasa basin 

 

Fig. 9 Debris fan of  Muşetoaia stream – June  1999 

The wood torrential drainage is possible due to 

the high-slopes rain gutters area, which enhances the 

water flowing speed, due to the fast rainfall 

concentration, encouraged by the funnel 

configuration of the water sources, the high density of 

the fragmentation above the forests’ upper limit and 

the high values of the peaks’ wetness index. The 

wetness’ increase determines a low infiltration 

capacity of the rainfall waters. Likewise, because of 

the pasture cover, the vegetation’s water 

consumption is low, as well as the raggedness, which 

amplifies the drainage. 

The torrential modeling in the Carpathian sector, 

manifested by a maximum intensity on the 

interfluves’ and mountainsides’ level, on the medium 

and lower mountain layers, has led to their 

destabilization and a medium-advanced deterioration 

of the torrents’ action areas. For this reason, in the 

Carpathian basin, torrents harnessing, the 

construction downstream the main dams or drift 

discharge underpinnings. Every year, in the Sebeş 

river gorge, the forms are reactivated and new-cone 

generations develop, with a low balance material. In 

this sector, there is the permanent risk of reactivating 

the materials from the dejection cone, the risk of 

blocking the highway and the minor riverbed, 

shaping lacustrine areas, which floods the forest 

vegetation. The dislodging of the big-size solid 

material (0.5 – 1.5 m diameter blocks), from the upper 

level of the mountainsides to the mountain feet, also 

leads to the mountainside forest’s degradation (fig. 8). 

Such situations are encountered in river basins as 

Dobra, Bistra, Mărtinie, Groseşti etc. 
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Conclusions 

The intensity and rhythm of the flowing processes, 

especially the major ones, like torrentiality, in 

geological, morphological, bio-pedo-climatic and 

anthropic conditions, inside the Sebeş river basin lead 

to the degradation of soils, establishments and 

infrastructure. For the entire mountainous basin of 

the Sebeş river, there are some conclusive aspects to 

be drawn, namely: the morphometrical relief 

peculiarities (altitudes, slopes, relief energy) are 

conditions that facilitate the torrentiality; the high 

gravity of the concave areas determines a drainage 

concentration and encourages the hydrologic flux 

accumulation; faster drainage concentration on 

elementary segments and mountainsides is 

encouraged by the surface distribution of the LS 

index and the profile and plan form curvature 

indices; the high wetness index in the reception 

basins determines the decrease of the rainfall 

infiltration capacity; the material damages registered 

on the episodic manifestation of torrentiality gives a 

risk character to this phenomenon. For this reason, a 

continuous monitoring, especially hydro-

meteorological, of the entire environment conditions 

is necessary, mappings and detailed relief study for 

issuing evolution forecasts and elaborating an 

optimization program for developing the 

surrounding geographical area. 
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Abstract 

The present study is based on the statistical 

processing of values, referring to the average 

monthly and average annual precipitations, for the 

period 1965-2009. The data was taken from six 

meteorological stations, five of which are located in 

the hydrographical basin of the Timiş river, and one 

station is located in the immediate proximity of this 

basin. The calculation formula used for the 

identification of the periods with pluviometric 

surplus, from the entire period and for all analysed 

meteorological stations, was the Standardised 

Precipitation Anomaly – SPA. According to the SPA 

values and their distribution during the analysed 

period, within the basin, the degree of vulnerability 

may be determined for the Timiş hydrographical 

basin compared to the climatic risk, induced by the 

precipitation surplus, and, thus, compared to the risk 

induced by the extreme hydrological phenomena, 

like floods, which are especially of a pluvial origin. 

Keywords: pluviometric surplus, climatic risk, 

Standardised Precipitation Anomaly, probability, flood 

risk 

Rezumat. Perioadele de excedent pluviometric 
din bazinul hidrografic al Timişului 

Acest studiu se bazează pe prelucrarea statistică a 

valorilor, referitoare la cantităţile medii lunare şi 

anuale de precipitaţii, din perioada 1965-2009, de la 6 

staţii meteorologice, dintre care 5 sunt situate în 

cuprinsul bazinului hidrografic al râului Timiş, iar o 

staţie în imediata apropiere a acestuia. Formula de 

calcul folosită pentru identificarea perioadelor 

pluviometrice excedentare, din întreaga perioadă şi 

pentru toate staţiile meteorologice analizate, a fost 

cea a Anomaliei Standardizată de Precipitaţii - ASP. 

În funcţie de valorile ASP şi de distribuţia acestora 

de-a lungul perioadei analizate, dar şi în cadrul 

bazinului, se poate stabili gradul de vulnerabilitate 

pe care îl are bazinul hidrografic al râului Timiş la 

riscul climatic, indus de excedentul de precipitaţii, şi 

în consecinţă la riscul indus de fenomenele 

hidrologice extreme, cum sunt inundaţiile, care în 

cadrul bazinului, sunt în special de origine pluvială. 

Cuvinte-cheie: excedent pluviometric, risc climatic, 

anomalia standardizată de precipitaţii, probabilitate, risc 

la inundaţii 

 

Introduction 

The Timiş river, the main hydrographical artery 

of the historic region of Banat, springs from the 

crystalline massif of Semenic, under the peak of 

Piatra Goznei from the altitude of approximately 

1135 m and drains the waters that spring from Banat 

Mountains, Ţarcu Mountains, Godeanu Mountains, 

Poiana Rusca Mountains and finally the piedmont 

hills of Lugoj and Pogăniş. The hydrographical basin 

of the Timiş river has a total surface of 10.352 km2, 

of which only 5.795 km2 are located on the territory 

of Romania, meaning approx. 2.44% of the surface of 

our country (Munteanu, 1998, p. 9).  

 The periods with pluviometric surplus show the 

predominance of years with positive deviations of 

precipitations, compared to the regular years from a 

pluviometric point of view. These are the consequence 

of the appearance and the persistence of synoptic 

situations characterized by the predominance of low-

pressure areas, triggering the occurrence of humidity 

surplus, and, thus, the extreme hydrological 

phenomena, such as floods (Bogdan, Niculescu, 1999, 

quoted by Moldovan, 2003). 

Method 

In order to identify the extremely rainy years and 

the periods with pluviometric surplus from the 
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analysed period (1965-2009), the values of the 

Standardised Precipitation Anomaly (SPA), for the 6 

meteorological station analysed, 5 of them located in 

the basin (Ţarcu, Cuntu, Semenic, Caransebeş and 

Lugoj) and 1 of them located in the field area located 

outside the basin (Banloc), have been calculated first 

through statistical methods and then interpreted 

(fig. 1). 

 

Fig. 1: The location of the meteorological stations analyzed 

Even if initially this index was designed to 

define, to identify and to monitor the dry periods, it 

may be used successfully to identify the 

pluviometric surplus situations from a series of data. 

The Standardised Precipitation Anomaly (SPA) is 

based on the cumulative probability of rain that 

occurs at an observation point from a mathematical 

point of view, and according to the World 

Meteorological Organisation, this may be calculated 

using the following formula: 

 





xix
SPA  

where: 

xi – term of the series, x  - the average of the 

series, σ – the deviation from the square average 

(Moldovan et al., 2002). 

The deviation from the square average has been 

calculated using the following formula: 

 
 

n

2
xix 

  

where: 

xi – the value of the term i of the series, n – the 

number of values. 

According to the classification system achieved 

by McKee et al. in 1993 (table 1) and according to the 

SPA values, the intensity of the rainy years from the 

analyzed period could be defined. 

Table 1 Identification criteria of the intensity of 

the periods with an excess or deficit of 

precipitations 

SPA value Qualification Type of risk 

≥ 2 extremely wet high risk 

1.5 …1.99 very wet average risk 

1 … 1.49 moderately wet  low risk 

-0.99 … 0.99 almost normal no risk 

-1 … -1.49 moderately droughty low risk 

-1.40 …-1.99 very droughty average risk 

≤ -2 extremely droughty high risk 

Source: adapted from McKee et al., 1993, completed by Croitoru, 

2006 
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Another very useful method for processing the 

series of meteorological data, but also of the 

hydrological data, is the occurrence probability 

calculation of certain maximum values (Teodorescu, 

2003). The empirical probabilities of the 3 risk 

categories regarding the precipitation surplus, for all 

the stations, have been calculated using the formula: 

%100
4,0

3,0







n

m
p  

where:  

m – order number of the maximum flow from the 

series of the descending terms; 

n – the number of the terms from the series 

Discussion 

For the analyzed period 1965-2009, in order to 

achieve the study herein, the years with 

pluviometric deficit, the years with pluviometric 

surplus and the almost regular years, without 

pluviometric risk, have been identified (table 2). 

From the 45 years analyzed, 8 extremely rainy years 

have been identified at all the analyzed 

meteorological stations, representing 17.80% of the 

total number of years analyzed. These years are: 

1966, 1969, 1970, 1974, 2001, 2005, 2007 and 2009. 

   The extremely rich atmospheric precipitations, 

occurred within the basin over time, have generated 

the overflow of the Timiş river and its main 

tributaries, during several years, famous for the 

significant floods that have affected this area. 

However, from these 8 years, only 2 (1966 and 2005) 

have recorded significant floods. Other extremely 

rainy years, from the beginning period of 

monitoring the rivers and up to the present, which 

have led to the occurrence of extreme hydrological 

phenomena within this hydrographical space, such 

as floods, have been: 1973, 1912, 1940, 1955, 1975, 

1978, 1980, 1990, 1991, 1993, 1995, 1996 and 1997. 

Table 2 The frequency of the years with risk of 

deficit/excess, recorded at the stations 

Type of 

risk Deficit   Without risk Excess 

SPA > -1,0  -1,0 ... 1,0  > 1,0  

Frequencies 

No. 

cases % 

No. 

cases % 

No. 

cases % 

Ţarcu 9 20 28 62.22 8 17.78 

Cuntu 9 20 28 62.22 8 17.78 

Semenic 9 20 28 62.22 8 17.78 

Caransebeş 8 17.78 30 66.67 7 15.56 

Lugoj 10 22.22 25 55.56 10 22.22 

Banloc 6 13.33 29 64.44 10 22.22 

Source: the Archives of the Regional Meteorological Centre 

(C.M.R.) Banat-Crişana, Timişoara 

By analyzing figure 2 and 3, we may notice the 

different distribution of the years with pluviometric 

surplus, according to the frequency values, at the 

Ţarcu meteorological station, located at high 

altitude, as well as at Banloc station, located at the 

lowest altitude, from the 6 stations analyzed. Thus, 

we find, in the case of Ţarcu meteorological station, 

a group of years with pluviometric surplus, with 5 

periods (1965-1972, 1974-1977, 1998-1999, 2001-2002 

and 2005-2007), as well as a dispersion of the years 

with risk of precipitation surplus, in the case of 

Banloc meteorological station. Regarding the 

frequency values and the mark of the years with 

different degree of precipitation surplus risk, we 

may notice from the analysis of table 3 that these 

differ from one meteorological station to another, 

separating mainly 3 categories of meteorological 

stations. 
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Fig. 2 The chronological variation of SPA values, at the Ţarcu meteorological stations (1965-2009) 
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Fig. 3 The chronological variation of SPA values, at the Banloc meteorological stations (1965-2009) 

Table 3 The frequency of the years with risk of 

deficit/excess, recorded at the stations 

Qualification 

Moderately 

wet  Very wet 

Extremely 

wet 

SPA 1 ... 1,49 1,5 ... 1,99 ≥ 2 

Frequencies 

No. 

cases % 

No. 

cases % 

No. 

cases % 

Ţarcu 5 11.11 2 4.44 1 2.22 

Cuntu 4 8.89 4 8.89 - - 

Semenic 4 8.89 2 4.44 2 4.44 

Caransebeş 2 4.44 4 8.89 1 2.22 

Lugoj 6 13.33 2 4.44 2 4.44 

Banloc 8 17.77 - - 2 4.44 

Source: the Archives of the Regional Meteorological Centre 

(C.M.R.) Banat-Crişana, Timişoara 

The first category consists of Caransebeş 

meteorological station, located at an average 

altitude, with the lowest values of the frequency of 

years with pluviometric surplus (15.56%). The 

second category consists of the mountainous 

meteorological stations (Ţarcu, Cuntu and Semenic), 

with an average frequency of 17.78%, that is 8 years 

with pluviometric surplus. And the last category 

consists of the meteorological stations located at low 

altitudes Banloc an Lugoj, which have recorded the 

highest values of frequency, that is 22.22%, 10 years 

with pluviometric surplus, from the total of 45 years 

analysed. 

 By analysing table 4, we may notice that the 

probability values for all the 3 risk categories are 

different from one meteorological station to another, 

values according to which 3 categories of 

meteorological stations may be separated, as in the 

case of frequency.  

The first category, with a probability <15%, is 

represented by the Caransebeş station, with the 

lowest risk regarding the precipitation surplus, thus 

a reduced risk of occurrence of extreme phenomena 

triggered by the excessive precipitations, such as 

floods. The second category of stations is the one 

with a probability ranging between 15 and 20% 

consisting of the mountainous stations, such as: 

Ţarcu, Cuntu and Semenic. The last category is 

formed of the stations located at the lowest altitude, 

such as: Lugoj and Banloc, which have a probability 

>20%. 

The highest value of the probability of years with 

precipitation surplus recorded at the Banloc 

meteorological station (20.70%), value that may be 

explained by the station location, in the western 

extremity of the country, more exposed to the 

oceanic masses of air, coming from the west part of 

the continent, than the other meteorological stations 

within the basin. 

Table 4 The probability of the years with risk 

regarding the pluviometric surplus, 

according to SPA 

Qualification 

Moderately 

wet Very wet 

Extremely 

wet 

Total 

Probability 

Low risk 

(%) 

Medium 

risk (%) 

High risk 

(%) 

(%) 

Ţarcu 10.35 3.74 1.54 15.64 

Cuntu 8.15 8.15 0 16.30 

Semenic 8.15 3.74 3.74 15.64 

Caransebeş 3.74 8.15 1.54 13.44 

Lugoj 12.56 3.74 3.74 20.04 

Banloc 16.96 0 3.74 20.70 

 

The differences that occur between the 3 

mountainous stations are due to the different 

location related to the masses of air coming from the 

west and south-west. Semenic meteorological station 

is located on the western slope of Semenic 

Mountains, reason for which the climbing of the 

masses of air from the west and south-west favour 

the intensification and the increase of the 

precipitation quantities (Stanciu, 2002). Therefore, 

the frequency of years with precipitations surplus 

from this station is similar with the value of the 
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frequency specific for the Ţarcu station, located at 

the highest altitude, 748 m higher than the first. 

The frontal activity developed by the cyclones 

moving from the Mediterranean Sea over the Balkan 

Peninsula, over the western part of our country, is 

one of the main causes for the occurrence of extreme 

hydrological phenomena, such as floods, and it is 

responsible for the increase of the flood risk of this 

hydrographical space, especially during spring, in 

April, when the precipitation quantities fallen on the 

surface of the basin are added to the quantity of 

water resulted from the sudden melting of the snow.  

The pluviometric differences, which occur 

between the analysed meteorological station and the 

stations from other parts of the country, but also 

from one station to another, are due to the 

complexity of the physical and geographical factors, 

existing in the Timiş hydrographical basin, among 

which the fact that the relief is disposed in stages 

from east to west, from the mountainous area to the 

field area, in the way of the oceanic and 

Mediterranean masses of air (Ghibedea et. al., 1973). 

Conclusion 

The present study emphasises that, for the period 

1965-2009 and for most of the meteorological 

stations from the basin, the periods with 

pluviometric surplus have a more reduced 

frequency than the pluviometric defective periods, 

and the frequency of the years with these two 

categories of pluviometric risk, is much lower than 

the frequency of the normal years from a 

pluviometric point of view. 

Unlike other regions of the country, the western 

region, where the Timiş hydrographical basin is 

located, dominated by moderate oceanic influences, 

records a relatively high frequency, duration and 

intensity of extreme hydrological phenomena, 

caused by the large quantities of precipitations, 

especially that, most of the times, the water resulting 

from the sudden melting of snow during spring is 

added to the precipitations fallen, a phenomenon 

caused by the invasion of the masses of 

Mediterranean warm air.  

Taking into account the negative consequences of 

the precipitations surplus and the frequency of the 

years with this kind of risk, responsible for the 

occurrence of the extreme hydrological phenomena, 

such as floods, the need to draw up this type of 

studies regarding the risk induced by the 

precipitation surplus, is obvious. The first step in the 

analysis of the vulnerability is that certain regions 

have to this type of risk, and indirectly to the risk 

that the same regions may have to flooding. 
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Abstract 

Grazing was the main activity of the inhabitants of the 

region, so that on an area of only 750 hectares, 16 

sheepfolds existed simultaneously. In the last 20 years, 

mountain pastures were gradually abandoned a fact 

which led to some changes in land cover, mainly close 

to timberline. The aim of this paper is to identify 

general trend of land cover change using change – 

detection methods based on Landsat TM imagery for 

1988 – 2011 time interval. Detailed analysis based on 

field research and high resolution air photos was also 

made for the areas with highest land cover changes. 

The analysis of the historical maps allowed a better 

understanding of the land cover transformations in the 

last 70 years. The results showed that the general trend 

in pastures area for the last 23 years is the biomass gain. 

Even if this phenomenon has a low and medium 

magnitude, it is a dominant one, appearing on more 

than 88% of the pastures area. Moderate intensity 

changes are explained due to the relatively short time 

interval since pastures were abandoned. Major changes 

occurred in some areas: on the southern slopes, because 

of the specific topoclimate, in areas where the 

anthropogenic timberline was lowered at very low 

altitudes and in the areas near the spruce timberline. 

There are also areas where there are no obvious 

changes of the timberline. These occur more frequently 

on the northern and western slopes, near the beech 

forest timberline. In the study area, the timberline is 

still anthropogenic, but if the current trend of forest 

regeneration continues, the timberline will change to a 

climatic one. 

Keywords: mountain pastures, grazing, timberline, land 

cover change, Change Vector Analysis (CVA), remote 

sensing, Măgura Marga Massif, the Southern Carpathians 

Rezumat. Tendințe ale modificării acoperirii terenurilor 

în cadrul pășunilor montane abandonate. Studiu de caz: 
Masivul Măgura Marga (Carpații Meridionali) 

Păstoritul a fost principala activitate a locuitorilor din 

regiune astfel încât, pe o suprafață de numai 750 de 

hectare, au existat simultan 16 stâne. In ultimii 20 ani  se 

constată o abandonare treptată a pășunilor montane care 

a dus la apariția unor modificări ale acoperirii 

terenurilor, observate în principal în apropierea limitei 

superioare a pădurii. Scopul lucrări este identificarea 

tendinței generale de modificare a acoperirii terenului 

prin metoda change-detection utilizând imagini 

satelitare Landsat TM pentru intervalul de timp 1988 - 

2011. Deasemenea, o analiză detaliată bazată pe cercetări 

de teren și aerofotograme de înaltă rezoluție spațială a 

fost făcută în arealele unde s-au detectat modificări 

importante. Analiza hărților istorice a permis înțelegerea 

transformărilor survenite în acoperirea terenurilor în 

ultimii 70 de ani. Rezultatele demonstrează că procesul 

de creștere a biomasei vegetale este o tendință generală 

pentru ultimii 23 de ani. Fenomenul este dominant pe 

mai bine de 88% din suprafață. Intensitatea mică a 

transformărilor se datorează în principal intervalului de 

timp relativ scurt de când pășunile au fost treptat 

abandonate. Modificări majore apar pe versanții cu 

expoziție sudică datorită topoclimatului specific 

versanților însoriți, în arealele în care limita superioară a 

pădurii a fost în trecut mult coborâtă altitudinal prin 

defrișare, precum și în vecinătatea limitei superioare a 

pădurilor de molid. S-au observat și areale în care nu 

apar modificări evidente ale limitei superioare a pădurii, 

cu frecvență mai mare pe versanții nordici și vestici, în 

apropierea limitei superioare a pădurilor de fag. Limita 

superioară a pădurii este încă una antropică dar, în cazul 

în care se va meține tendința actuală de regenerare a 

pădurii, aceasta va evolua spre o limită climatică. 

Cuvinte-cheie: pășuni montane, păstorit, limita 

superioară a pădurii, acoperirea terenurilor, Change 

Vector Analysis (CVA), teledetecție, Măgura Marga, 

Carpații Meridionali 
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Introduction 

One of the most important human activities in 

the mountain environment is grazing. Grazing 

influences the vegetal community evolution in areas 

where it is practiced, as well as the cessation of long-

term grazing due to the secondary succession. 

The effects of intense grazing lies in the 

modification of vegetation structure (Boșcaiu, 1971; 

Mayer et al., 2009; Parolo et al., 2011) with negative 

effect on rare, endemic and relict species (Baur et al. 

2007). The extension of pastures and the 

modification of the treeline ecotone and of the 

timberline are also consequences of grazing 

(Niculescu, 1965; Boșcaiu, 1971; Nautiyal et al., 2004; 

Török – Oance et al., 2006; Mihai et al., 2007).  

The pastures abandonment, a frequent 

phenomenon in European countries (MacDonald, 

2000; Pavlu, 2005; Golodets, 2010) is also considered 

a disturbance of the environment (Milchunas et al., 

1989). This abandonment appears later in ex 

communist countries than in other European 

countries (Kuemmerle et al., 2008). There can be 

noticed in many countries a decrease of areas 

covered by pastures and an increase of forest 

covered ones (Didier, 2001, Kozak et al., 2007; 

Falcucci et al., 2007). The succession trends after 

cessation of grazing and pastures abandonment are 

toward gradual invasion of shrubs and forest 

recovery on formerly grazed areas. Usually the 

extension of shrubs is in the detriment of the 

dominant herbaceous species, like Nardus stricta 

(Hiller, 2005). The forests invasion into abandoned 

grasslands is considered in many areas a driver of 

forest regeneration instead of climatic change 

(Gehrig-Fasel et al., 2007, Tasser et al., 2007). 

Increasing timberline related to decrease grazing 

was also detected in Southern Carpathians (Mihai et 

al., 2007) and in the Ukrainian Carpathians (Sitko 

and Troll, 2008). 

The aim of this paper is to identify the general 

trend of land cover change using change – detection 

methods based on Landsat TM imagery for 1988 – 

2011 time interval. We used both NDVI image 

differencing and Change vector analysis methods. 

Study area 

Măgura Marga Massif is the highest part of the 

Bistra Mountains, which are located in the north-

western part of the Southern Carpathians (Fig.1). 

They are a lower subunit of the Țarcu Mountains 

(Niculescu & Călin, 1990) and reach the maximum 

altitude of 1502 meters in Măgura Marga Peak. The 

ridges are gentle and have a high degree of 

smoothing. They are remnants of Râu Șes and 

Gornoviţa old leveled surfaces (Badea et al., 2001). 

 

Fig. 1 Location of the study area 

 The beach forests (Fagus sylvatica) cover the 

largest area but, in some places, there are mixed 

forests where fir (Abies alba) or spruce (Picea abies) 

are the dominant tree species. There are several 

glades which have been used mainly in the past as 

hay meadows or pastures. The timberline is 

anthropogenic (Boşcaiu, 1971, Török - Oance and 

Török - Oance, 2005) and is located at altitudes 

ranging between 600 m to 1100 m. Above timberline, 

there are mountain pastures, which were extended 

mainly following deforestation. The vegetation 

consists of grasses where Nardus stricta and Festuca 

rubra are the dominant species. The shrub 

vegetation is also present over large areas. The 

dominant species are: Vaccinium myrtillus, 

Vaccinium vitis-idaea and Juniperus sibirica. The 

mountain pastures formed an anthropogenic 

”pseudo–subalpine” level (Boșcaiu, 1971). Măgura 

Marga Massif was the main place for sheep grazing 

for the peasants from nearby villages: Marga, Măru 

and Voislova. Sixteen sheepfolds existed on the 

mountain pastures in the same time, near the 

timberline. Gradually, grazing was abandoned as a 

consequence of the economic, social and political 

transformations during last 20 years. 
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Materials and methods 

Data 

For change – detection we have used two 

Landsat TM imagery (path 185 and row 028) from 

different years, but for the same season: 29 August 

1988, 29 August 2011, respectively (images courtesy 

of the U.S. Geological Survey). Further, the 1988 

scene will be named time-one (T1) scene and the 

2011 scene will be named as time-two (T2) scene. 

We used paper maps from different time periods 

for a better evaluation of the land use/land cover 

changes. We used topographic maps al 1:20000 scale 

- Măru (1953) and Bucova (1940) map sheets - (maps 

courtesy of geo-spatial.org) and topographic maps 

at 1:25000 scale color from 1984.  

SPOT HRS Digital Terrain Model (DEM), 30 m 

horizontal resolution, was used for both 

morphometric analysis and for the mitigation of the 

topographic effect. Detailed analysis was made 

based on GPS data and color air photo from 2005 

(0.5 meters resolution). 

Since the NDVI values are closely related to 

rainfall, we used average monthly precipitation data 

for both considered periods: August 1988, August 

2011, respectively. Data were recorded at the Cuntu 

meteorological station (1460 m), at only 15 km 

distance in straight line from the Magura Marga 

Massif. 

Image processing, change–detection and spatial 

analysis were done in IDRISI Andes and ArcGIS 9.3. 

software. 

Pre-processing 

 Change analysis requires some preliminary data 

processing. Both Landsat TM scenes are 

geometrically and terrain corrected (L1T product 

type). 

Radiometric normalization of the input data was 

made using image regression. Linear regressions 

were performed for each pair of bands considering 

the bands from T1 as independent variables. The 

resulted equations were used to produce adjusted 

time-one images (Eastman, 2009). 

The shading induced by relief in a mountainous 

area is a source of error in the analysis and 

interpretation of satellite images (Millette et al., 

1995). Both images are acquired early in the morning 

(image from 1988 at 8:30:00 and the one from 2011 at 

09:03:37), when the effect of shadowing can be 

extreme. So, it was necessary first to eliminate of the 

topographic effect. We used the modeling 

illumination based on the DEM for the mitigation of 

the topographic effect (Eastman, 2009). Hillshade 

function was used to obtain the illumination model 

from SPOT HRS DEM. We used the same values of 

the sun elevation and sun azimuth with those from 

the acquisition of the Landsat scenes. This model 

was used to calibrate each band in order to remove 

the topographic effect. 

NDVI changes 

One of the most commonly normalized indexes 

used to analyze vegetation is Normalized Difference 

Vegetation Index (NDVI) (Rouse et al., 1974). It is 

calculated as the difference between NIR and RED 

bands normalized by the sum of those bands 

(Equation 1). 
 

NDVI = (NIR – Red) / (NIR + Red) (1) 
 

Theoretically, NDVI values are ranging from -1 

to 1. Usually, negative values represent water, 

values around zero represent bare soil and values 

over 0 represent green vegetation. The NDVI images 

were compared using statistical tests. For the 

detection of NDVI changes, we applied the image-

differencing method. 

Analysis of summary statistics of NDVI values 

showed that both extreme values and averages are 

higher in 2011 than in 1988 (Table 1). 

Period Min. Max. Mean SD 

29.08. 

1988 

0.1504 0.7446 0.5009 0.1381 

29.08. 

2011 

0.2445 0.8962 0.6109 0.0904 

SD = standard deviation 

Statistical comparison of the two data sets, 

performed with Wilcoxon matched-pairs test, 

showed that there exists a highly significant 

statistical difference (p <0.0001). 

Image differencing was used for change 

detection of the NDVI. We have decreased the older 

image (1988) from the new one (2011). Positive 

values indicate areas where NDVI was stronger in 

2011 than in 1988, while the negative values indicate 

those areas in which the NDVI is lower. NDVI data 

from difference image are normally distributed, so 

we used as the threshold between “no changes” and 

“changes” two standard deviations from mean. We 
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also considered three standard deviations as 

threshold between "changes" and “major changes”. 

Change Vector Analysis 

CVA is a method for detecting changes using 

more than one spectral image pairs. If relevant 

spectral features are used as input data instead of 

original data, the result of CVA could be more 

useful, allowing a better interpretation (Johnson and 

Kasischke, 1998). Because the analysis was focused 

on land cover changes, we used the brightness and 

greenest components derived by Tasseled Cap 

Transformation as input data, components 

considered to be better biophysical indicators than 

spectral bands (Siwe & Koch, 2008). 

Tasseled Cap Transformation (Kauth & Thomas, 

1976, cited by Mather, 2004) is a special case of 

principal components analysis which produces four 

new components: brightness, greenness, yellowness, 

and nonesuch. The brightness is associated with 

bare soil and rocks or built-up areas and the 

greenness is associated with green vegetation. The 

brightness and greenest components contained 

about 95% of the total variability of the data 

(Lillesand & Kiefer, 2000).  

To asses the vegetation changes, we used as 

input data for CVA two pairs of images: the 

brightness and the greenest tasseled cap 

components at T1 and T2. CVA method produces 

two output change components: the magnitude of 

change and the direction of change. The magnitude 

measure is the Euclidean distance computed in the 

n-dimensional space, between the location of the T1 

pixels to the location of the corresponding T2 pixels.  

Direction of change is represented by the vector 

direction in n dimensional space between the two 

moments, T1 and T2. It is expressed in degrees from 0 

to 360 in a clockwise direction (Fig. 2). The direction of 

change shows the type of changes (Eastman, 2009). 

Magnitude of changes ranged between 0.016 and 

178.08, with an average value of 48.874. We 

established four grades of change intensity (no 

change, low, medium and high), based on 

magnitude data histogram analysis and field data. 

The direction of vectors is the result of the 

combination of positive or negative changes in the 

spectral bands analyzed. There can be distinguished 

2n types of changes, where n is the number of bands 

(Lorena et al., 2002). Thus we could distinguish four 

types of changes: biomass loss (increase in 

brightness and increase in greenness), biomass gain 

(decrease in brightness and increase in greenness), 

burned areas, water or forest regrowth (decrease in 

brightness and decrease in greenness) and 

deforestation (increase in brightness and decrease in 

greenness) (Fig. 2). The direction image was 

reclassified in the above mentioned change 

categories. In the area where pastures occur, the 

biomass gain is the dominant change. 

 

Fig. 2 Representation of the magnitude, direction 

and the resultant change direction classes in 

2 band radiometric change space (brightness 

and greenness tasseled caps) 

Visual analysis of historical maps and air photos, 

related with field data, allowed the understanding of 

changes detected by CVA. The analysis regarded 

especially areas with the greatest magnitude of 

change and with direction of change between 90 and 

180 degrees, which represents biomass gain. The 

analyzed maps are from periods of time when 

grazing was practiced with different intensities: the 

early communist period (1953), at the end of the 

communist period (1984) and after this period (2005). 

Results and discussions 

Change detection method applied to spectral 

features used in the analysis of vegetation (NDVI 

and tasseled caps) showed that, for the considered 

period, there is a general trend of increasing plant 

biomass in abandoned pastures areas. NDVI 

analysis showed important changes of this index in 

two main areas (Fig. 3). The first one is located in the 

southern part of the area, along the Bistra Mărului 

valley, related with the construction of the Poiana 

Mărului reservoir, which was finished in 1990. There 
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are two dominant trends here: the high decreasing 

of the NDVI due to increased surface water and the 

high increases in NDVI at the west of the reservoir 

were vegetation recovered the area affected in 1988 

by construction works. 

The second area overlaps pastures and is 

characterized by medium to high increase of NDVI. 

The largest areas where NDVI increased are in the 

north where the number of sheepfolds, now 

abandoned, is higher. In the south, the location of 

these areas is near the limit of the forest, which was 

lowered by clearing up to about 600 m altitude. 

Since there is a direct correlation among rainfall 

and NDVI (Wang et al, 2003; Cui & Shi, 2010), we 

checked if the increase of NDVI is somehow caused 

by this climatic factor. The rainfall data recorded at 

Cuntu meteorological station showed that monthly 

average value recorded for August 2011 (15.8 mm) is 

much lower than average rainfall in the same month 

of 1988 (43.6 mm). The year 2011 was a very dry one, 

so that NDVI increase is not caused by precipitation. 

 

Fig. 3 NDVI changes for 1988 – 2011 period

VCA highlighted a predominance of plant biomass 

growth in the area used as pasture (Fig. 4). Even 

though the most common biomass increases have 

small and medium magnitudes, this is a general 

phenomenon that affects over 88% of the pasture area. 

There is a growth of scrub vegetation consisting of 

Vaccinium myrtillus and Vaccinium vitis-idaea and in 

some areas at higher altitudes, the advancing of 

Juniperus sibirica shrubs was observed. This 

phenomenon is common in abandoned pastures 

(Schulz & Leininger 1991; Coughenour 1991; Dullinger 

et al., 2003). The highest changes occur in some areas 

eastwards and southeastwards of Măgura Marga Peak, 

near the upper limit of a small patch of spruce forest. 

Here, there is a higher advancement of spruce 

seedlings and shrubs which leads to regeneration of 

treeline. In contrast to this area, the smallest changes of 

timberline occurred in the deciduous forest areas, a 

phenomenon also observed in Ukrainian Carpathians 

(Sitko & Troll, 2008) (Fig. 4), except for the abandoned 

pastures on the southern slopes and also the pastures 

within glades, where we noticed the regrowth of the 
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trees and seedlings, a fact confirmed too by the large 

increase of NDVI. (Fig. 3 and Fig. 4) This phenomenon 

is specific for the areas where timberline is artificially 

created. (Holtmeier, 2007). 

We detected that the land cover change is related 

to slopes exposure to solar radiation. On the 

southern slopes, the forest regeneration and the 

shrubs growth is more intense than on the northern 

slopes. This is due to specific topoclimate of the 

southern slopes, characterized by higher 

temperatures and earlier melting of snow cover, 

compared to northern slopes. The regeneration of 

vegetation is directly related with a favorable 

thermal regime (Holtmeier, 2007). 

Another explanation is that because of this 

particular climate, the forests from the southern 

slopes have been cleared and the pastures were 

extended far in the forest domain, up to altitudes of 

580-800 m. With the abandonment or reduced use of 

pastures at present, the forest began to recover its 

former territories. 

The cartographic analysis of maps from different 

time periods is complementary to change detection 

method. So we could understand the land cover 

evolution for a longer period of time (1940 – 2011). On 

topographic maps from the 1940-1953 period, there 

were no patches of forest or isolated trees near the 

timberline, which shows high intensity of pasture use. 

On 1984 topographical maps, isolated trees and 

some forest patches are represented above 

timberline. The succession trend of the vegetation 

after cessation of grazing and pastures 

abandonment could be easily observed on the air 

photos from 2005 (Fig. 5, Fig. 6, Fig. 7). 

The field observation showed that in the 

proximity of the sheepfolds, the vegetation differs 

significantly from that of surrounding areas. The 

nitrates and phosphorus accumulation in soil 

modified the physical and chemical properties of the 

soil. As a result, the grasslands were replaced by 

azonal vegetation with Rumex alpinus, Urtica dioica 

and Poa annua. This vegetation is very persistent and 

occurs even in areas where the grazing has been 

stopped for many decades. 

 

Fig. 4 Gain and losses in vegetal biomass between 1988 - 2011 detected by CVA 
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Fig. 5 Comparison between timberline in 1984 (yellow line) and 2005 (air photo). A: Treeline advance 

above the coniferous timberline (1) and forest regrowth in deforested area (2); B: Beech forest 

timberline. Almost no changes can be detected in this time interval 

 

Fig. 6 Comparison between timberline in 1984 (yellow line) and 2005 (air photo) 

A: Advance of trees, seedlings and shrubs on the southern slopes pastures; B: Glades used in the past as 

pastures and hay meadows, invaded in present by seedlings and shrubs 

 

Fig. 7 Timberline of the same area in different period of times: A, topographical map at scale 1:20000 

(1953); B, topographical map at scale 1:25000 (1984) - isolated trees or small forest 

Conclusion 

The analyzed area is one where grazing was 

practiced extensively until 20 years ago. Mountain 

pastures in the study area form a "pseudo-subalpine" 

domain because they have been largely extended by 

forest clearing and burning of the shrubs. The 

timberline is anthropogenic and is far lowered on the 

southern slopes, to below 600 m altitude.  

Both NDVI image differencing method and VCA 

showed that, for 1988 – 2011 time interval, the general 

trend in abandoned pastures is the vegetal biomass 

gain. In contrast to other methods of change 

detection, CVA provides both quantitative 

information on product changes (magnitude of 

change) and especially qualitative information 

(direction of change). Moreover, CVA has the ability 

to detect biomass changes even in the same category 

of land cover. Field data are absolutely necessary for 
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correct interpretation of the analysis results. This 

study is the first attempt to detect vegetation changes 

using VCA method for the Romanian Carpathians. 

The predominance of plant biomass growth with 

low and medium magnitudes is the dominant process 

in the abandoned pastures. At southern slopes and in 

areas where the anthropogenic timberline was 

lowered at very low altitudes, this process is more 

intense. In contrast to this areas, the smallest changes 

of timberline occurred in the deciduous forest areas, 

on the northern and western slopes.  

We could notice both change in the grassland 

vegetation structure, where dominant species, like 

Nardus stricta, has been replaced by scrubs on large 

areas, and the regeneration of the forest vegetation. 

We detected also the treeline ecotone regeneration 

near the fir timberline. Near the sheepfolds, the 

vegetation is azonal and persisted even if the 

grazing has been stopped for many decades.  

Although in the Southern Carpathians there is an 

obvious trend of the temperature to increase, because 

of the very low altitudes of the timberline in the study 

area, the forest recovery is not a consequence of the 

climatic change. Favorable thermal regime can be 

considered to be an additional factor. In the future, if 

the current trend of forest regeneration continues, the 

timberline will change to a climatic one. 

Better results should be obtained by using 

satellite images with very high resolution. In further 

studies, it will be established representative test 

areas for the monitoring of the vegetation changes. 
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Abstract 

The cities were affected by the processes of urban 

revitalization, aiming to be included in the global 

market competition where they try to attract more 

economic resources and to achieve an important 

position, thus transforming their perceptual urban 

representations. Some cities opted to reshape their 

urban spaces, projecting an image that attracts the 

visitor and the resident, while at the same time they 

try to manage the issues and tensions associated 

with this process of urban transformation. 

Thus, the city image is increasingly exposed to recent 

progresses and transformations of infrastructures 

and land use. This article aims to outline the 

perception of the urban image at micro- level scale 

with the help of data analysis resulting from the 

VPS- Visual Preference Survey, conducted in 

Craiova town, Romania. A new urbanistic approach 

to measure the urban image, avoiding the classical 

Lynch model of analysis, is the VPS, developed by 

Anton Nelessen, which is a process that allows the 

residents to take part in the urban assessment and to 

create a new development vision for the future.  By 

ranking different images of places, people from 

Craiova express their perception on the urban image, 

taking into consideration four urban aspects: public 

spaces, built environment, transportation and socio-

cultural environment, and building in this way the 

community they want to see in the future. The 

results show that the city image needs some major 

urban interventions in terms of design, architecture 

and functionality of the public urban spaces. 

Consequently, some principles are proposed to 

public actors for improving the four main sections 

discussed in the survey. 

Keywords: urban image, visual preference survey, 

urban perception, urban analysis, Craiova 

Rezumat. Analiza imaginii urbane prin 
intermediul sondajelor vizuale. Studiu de caz: 
orașul Craiova 

Orașele au fost afectate de procesele de revitalizare 

urbană, dorind să fie incluse în competiția globală de 

piață unde acestea încearcă să atragă mai multe 

resurse economice și să-și consolideze o poziție 

importantă, transformându-și astfel reprezentările 

urbane la nivelul percepțiilor. Unele orașe au optat 

să-ți remodeleze spațiile urbane, proiectând o 

imagine care atrage vizitatorul dar și rezidentul, dar 

în același timp, acestea încearcă să gestioneze 

problemele și tensiunile asociate cu acest proces de 

transformare urbană.  

Astfel, imaginea orașului este din ce în ce mai 

expusă la progresele recente și la transformările  

infrastructurilor și utilizării terenurilor. Acest articol 

își propune să contureze percepția imaginii urbane la 

nivel de micro-scară cu ajutorul analizei datelor 

rezultate din VPS – Visual Preference Survey, 

realizat în municipiul Craiova, România. O nouă 

abordare urbanistică pentru a măsura imaginea 

urbană, ce nu are în vedere modelul de analiză clasic 

al lui Lynch, este VPS-ul, dezvoltat de Anton 

Nelessen, acesta este un proces care permite 

locuitorilor unui oraș să ia parte la evaluarea urbană 

și să creeze o nouă viziune de dezvoltare pentru 

viitor. Prin acordarea de scoruri diferitelor imagini, 

oamenii din Craiova își exprimă percepția asupra 

imaginii urbane, luând în considerare patru aspecte: 

spațiile publice, mediul construit, transportul și 

mediul socio-cultural, și creionează, în acest fel, 

comunitatea pe care doresc să o aibă în viitor. 

Rezultatele arată că imaginea orașului are nevoie de 

unele intervenții majore urbane în ceea ce privește 

designul, arhitectura și funcționalitatea spațiilor 

publice urbane. În consecință, sunt propuse câteva 

principii actorilor publici pentru îmbunătățirea celor 

patru secțiuni principale discutate în studiu. 

Cuvinte-cheie: imagine urbană, sondaj vizual de 

preferință, percepție urbană, analiză urbană, Craiova 
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Introduction 

The perception of cities as places for innovation 

and economic development determined a change of 

the city’s image perception which started to be seen 

as a valuable asset in the global market competition. 

The public actors saw the economic benefits of 

thinking locally, drawing attention to the benefits 

that appear when activities and people are gathered 

together. In the era of the knowledge economy, cities 

must attract new influences and act as places for the 

exchange and development of new ideas. 

Thus, the cities were affected by the processes of 

urban transformations, aiming to be included in the 

global market competition where they try to attract 

more economic resources and to achieve an 

important position, transforming their perceptual 

urban representations. Some cities opted to reshape 

their new urban spaces, projecting an image that 

attracts the visitor and the resident, while at the 

same time they try to manage the issues and 

tensions associated with this process of urban 

transformation. 

The meaning of urban image was often mistaken 

with the notions of urban space, with the city itself 

or even with the urban architecture. However its 

significance proved to be much more complex and it 

is important to understand its definition.  

In the literature many authors tried to define the 

term, conducting to the following definitions: an 

urban image is the simplified, generalized, 

stereotypical, impression that people have of cities. 

It is impossible to know a city entirely, so people 

reduce the complexity of reality to some selective 

impressions, basically some place images that 

represent the physical, social, cultural, economic, 

political features. In the world of perception, the 

image is more important than the reality, thus an 

urban image can be cleverly transformed by city 

marketers without having to affect actual change in 

that urban space (Hall, 1998, p.78).  

Until the 80`s, the industry played a major part in 

urban planning, influencing the city image.  The 

post-industrial economy was based on the service 

sector activity that became dominant and involved 

fewer investments in factories. Therefore cities have 

redeveloped and regenerated their economies, 

landscapes and images had to cope with the de-

industrialization stage (Hall, 1998, p.81). 

The cities are keen to promote themselves as 

good places to live as well as good places to work, 

emphasizing not only their business opportunities, 

but also their lifestyle activities (Watson et al., 2003). 

How an area is perceived and its physical or 

environmental desirability will affect the 

investments by developers and companies, on the 

one hand, and the desire of employers and 

employees to work and live there, on the other hand 

(Watson, 1991, p. 63). 

An important contribution for the study of urban 

image was brought by Kevin Lynch in 1960, in the 

book ”The Image of the City”, where he tries to 

underline the importance of a city image as 

something to be seen, remembered, offering a visual 

form to a city. His analysis method is based on five 

basic elements:  districts, edges, nodes, paths and 

landmarks, which people use to construct their 

mental image of a city.  

Within the city, there lie many connotations, 

memories, experiences, smells, hopes, crowds, 

places, buildings, affecting each person according to 

his particular predilections. From his environment 

each person constructs his own mental picture of the 

parts of the city in physical relationship to one 

another which overlap with the others, thus there 

can be assumed a collective picture of what people 

extract from the physical reality of a city, the latter 

being actually the image of the city (fig. 1). It is 

largely formed by many works of architecture put 

together or being in chaos (Spreiregen, 1965). 

 

Fig. 1 An integrated approach of urban image 

analysis (according to Lynch and Spreiregen) 

Spreiregen was among the first authors that 

proposed a new analysis of the city in a form of 

diagnosis, i.e. a visual survey, appeared in urban 

design as an examination of the form, appearance, 

and composition of a city—an evaluation of its 

assets and liabilities, actually being based on Lynch 

method. A visual survey also enables the urban 
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designer to see where the city needs reshaping, 

being able to present the urban form with clarity. 

A model developed by Anton Nelessen and 

Associates of Princeton, New Jersey in 1970 brought 

new contributions to the Spreiregen visual survey, 

and it was called VPS (Visual Preference Survey). It 

represents the process that allows the residents of a 

city to participate in the urban assessment and to 

develop a new development vision for the future. By 

ranking various different local or international 

images of places, spaces, and land uses people 

express their perception on the urban image and 

also what type of community they want to see in the 

future (Nelessen, 1994).  

The theoretical arguments of this ‘‘visual 

preference survey’’ have been often criticized in 

terms of too much image over bodily experience, the 

exclusion of socioeconomic, historical and political 

specificity, the modification of places and the lack of 

texture, sound, weight, and bodily measure 

(Crisman, 2006), but nevertheless it has become a 

major tool in city-planning and urban-marketing 

policies. 

Thus, this study aims to present Craiova`s 

inhabitants` perception towards the city image, 

using the model developed by Nelessen which 

proved to be a very useful tool for a further vision, 

concept design and redevelopment plan and it can 

be applied in any type of study ranging from urban, 

planning, design or development study. 

Method 

Questionnaire design 

The VPS is an urbanistic and architectural model 

which analyzes the urban space characteristics. It 

was created on the basis of a visual procedure that is 

used by architects to observe and identify 

environmental features of a place, basic and specific 

elements and forms of buildings and to analyze and 

conclude their significance, by comparing different 

features and by identifying styles on a walking tour 

of a city. 

Thus a VPS model is formed of several stages 

that need to be followed in order to build the exact 

questionnaire, which is formed only of images, 

grouped on different topics that need to be scored. 

The VPS acts as a link between two main elements: 

the city assessment, which is a fieldwork stage of 

observing the urban configuration of the city space, 

and the public input of the residents, both elements 

put together determining a detailed urban analysis 

and a final vision plan, underlining some urban 

design guidelines as well (fig. 2). 

 

Fig. 2 The stages of a VPS analysis (adapted after 

ANA -A. Nelessen Associates) 

The main characteristic of this survey is that it 

uses images instead of regular questions to describe 

the places. It is addressed to people that want to 

understand better the crucial planning elements and 

to make more informed, proactive decisions about 

creating places where they want to live, work, shop 

etc. 

Data analysis 

Performing the above stages of the VPS model 

developed by Nelessen and Associates, a visual 

survey on urban image was customized for Craiova 

town and was conducted during April 2012 on 

internet, 100 respondents answering it. 

The survey is formed of three main sections:  

 section 1 - demographic data of the respondents- 

100 residents of Craiova (7 questions) 

 section 2 – image rating – 48 photos grouped on 

four main areas: public spaces (18 images, 6 

images per each sub-area: parks and open spaces, 

urban plazas and pedestrian area), built 

environment (18 images, 6 per each sub-area: 

building types, design elements, street level 

activity), transportation (6 images) and socio-

cultural environment (6 images), had to be 

ranked on a scale of -3 (not appropriate at all) to 

+3 (very appropriate), with 0 being neutral. 

Choosing the pictures for the VPS was a very 

difficult task because the architectural urban design 

elements from these images had to fit into the urban 

pattern of Romania`s cities or at least have some 

common elements. 
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Images chosen from Craiova and from other 

European cities (Rome, Lisbon, Amsterdam, Madrid, 

Berlin, Paris, were chosen due to their complexity 

and a more appropriate sense of place) were selected 

to demonstrate a range of design possibilities, 

starting from subtle to more exceptional styles.    

 section 3 – open-ended question- provided 

participants the opportunity to indicate Craiova`s 

topophile and topophobe areas and the places 

where they feel the need for more urban 

development.  

A mental map of the city was created using the 

software ArcGis 9.3 

Results and discussion 

The study area is represented by Craiova, 

Romania's 6th largest town and the county seat of 

Dolj, situated in the south-west of the country. It is 

located at approximately equal distances from 

Bucharest (300 km), Sofia (250 km) and Belgrade 

(400 km) and it is a political and commercial center, 

being the most important town of the Oltenia 

region. It occupies a surface of 32 sqkm, with an 

extension of 9.4 km on the north-south direction and 

of 5.2 km on the east-west direction. The 

neighbourhoods of the town are located on the 1st 

4th terraces of the Jiu floodplain, on its left side. 

Pelendava Dacian fortress stands at the origin of the 

town, Craiova being mentioned for the first time as a 

town in 1582. Its location in a tabular relief does not 

offer spectacular scenery, but the presence of 

terraces determined the formation of small hills that 

border the town (fig. 3).  

After analyzing the first section of the VPS, the 

following respondent profile was underlined (table 

1): 

Table 1 Respondent profile of Craiova VPS 

Demographic characteristics Structure Residents no. 

Gender Male 48 

 Female 52 

Age younger than 30 years 58 

 31-50 years 28 

 older than 50 years 14 

Marital status   unmarried 50 

 married 38 

 divorced 10 

 Widow/er 2 

Education level Primary 7 

 Highschool 24 

 University 69 

Occupation   area Primary sector - 

 Secondary sector 39 

 Tertiary sector 61 

Income less than  670 Ron 10 

 670-1200 Ron 66 

 over 1200 Ron* 24 

Years of  living in Craiova less than 10 years 38 

 10-25 years 48 

 Over 25 years 14 

*1 Ron= approx. 0.22 EURO 

 

Fig. 3 Craiova city- geographical location and 

features 

According to the above data, approx. 50% of the 

VPS respondents are men, 50% women, the majority 

(60-80%) is under 30 years old, unmarried, having a 

Bachelor degree, is working in the tertiary sector 

and is having a medium income level. 

The data from the 100 surveys (section 2 of the 

VPS) were combined and assessed to reveal 

similarities, differences and trends.  

The images of this VPS present either 

spectacular, futuristic architecture, suggesting a 

progressive, dynamic city on the move, or historic 

architecture that suggests civic tradition. Sixteen 

images are presented below (fig. 4) selected from the 

total of 48, revealing the highest and the lowest 

scores (ranging between +2.88 to -2.67) in the four 

main analyzed categories: public space, built 

environment, transportation and social & cultural 

environment. Their analysis emphasizes some 

common characteristics: 
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- the average ratings above +2 present spaces with 

many people, who are actively engaged in (outdoor) 

activities or events, classical architecture in urban 

plazas, green spaces and foliage, well-lit spaces and 

colourful, modern and bold design and architecture, 

preference for brick and glass materials, outdoor 

activities, street theatre etc.  

- the lowest scored images, below zero and down to 

even -2, include almost deserted streets and lifeless 

open spaces, glass-clad office buildings with walls in 

cold colours that lack ground floor activity or visual 

variety on wall surfaces, or very colourful buildings 

that do not fit into the local architecture, parking 

areas and sidewalks that lack landscaping, attractive 

fencing and adequate width. 

 

Fig. 4 VPS results- 16 selected images with the highest and the lowest scores (according to the four 

categories: public space, built environment, transportation and social & cultural environment) 

Section 3 of the survey was based on a study 

conducted during 2010-2011 regarding the 

attractiveness of some urban places in Craiova 

municipality (Bădiță, 2011, 2012), in which there 

were identified the topophile and topophobe areas 

of the town, the latter needing some interventions in 

the urban space to become more attractive.  

One of the open questions asked respondents to 

indicate where in Craiova they feel the need for 

more urban development in order to transform the 

topophobe images of some place into topophile 

images; 83% identified the same areas of major 

urban interventions (Fața Luncii neighbourhood-

photo 1, Craiovița neighbourhood-photo 2 and Train 

Station area - photo 3- fig. 5) as the respondents of 

the previous questionnaire leading to a mental map 

of the urban image perception of the town. 

Conclusion and further study 

The following urban image features were 

identified through this VPS and should be taken into 

consideration by urban actors (designers, architects, 

marketers, local authorities) when creating an 

attractive urban image: 

- Public Spaces: avoid flanking open spaces with 

blank walls, improve with visually and spatially 

interesting design; introduce more colour into the 

design of public spaces and buildings; improve 

functionality of sidewalks and alleys. 

- Built areas: pay closer attention to materials, 

details, colour and texture, to functional facades; 

mixed-use parking structures are desirable. 

- Transportation: pedestrian activity needs to be 

supported so that crowded traffic should be 

avoided; create bicycles lanes; "image corridors" 

should be designed across the town connecting 

transit nodes and attractive areas. 

- Social and Cultural Environment: a more active 

city central square with cafes, retail and open spaces; 

more cultural events, outdoor activities, street art 

and fairs. 

This VPS represents the basis for conducting 

further studies on the urban image of Craiova 

during the next period as follows: an urban image 

survey according to Lynch method and a 

questionnaire applied to residents in order to 

underline their perception at micro-scale regarding 

their dwellings, streets and neighborhoods image, as 

well as the overall image of the town. 
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Fig. 5 Craiova urban image features based on the residents’ perception 
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Abstract 

In the context of the European and Romanian society 

transitioning from an industrial society to an 

informational one, based on knowledge, it becomes 

more and more necessary to analyze the problem of 

exploring the local potential and elaborating the best 

strategies for territorial development, starting from 

the local realities. In this respect, the following paper 

aims to identify and highlight the role and the 

importance of historical monuments in sustainable 

and responsible territory development through 

tourism at local level, in Oaş Land. 

Keywords: Oaş Land, authenticity, traditional, 

historical monuments 

Rezumat. Rolul şi importanţa monumentelor 
istorice în diversificarea ofertei turistice din Ţara 
Oaşului 

În contextul trecerii societăţii europene şi implicit a 

celei româneşti de la o societate industrială la una de 

tip informaţional, bazată pe cunoaştere se impune 

din ce în ce mai serios problema cunoaşterii 

potenţialului local şi elaborarea celor mai optime 

strategii de dezvoltare a teritoriului, pornindu-se de 

la realităţile locale, din teren. Pe acest fundal, 

lucrarea de faţă are menirea de identifica şi de a 

evidenţia rolul şi importanţa monumentelor istorice, 

în dezvoltarea durabilă şi responsabilă a teritoriului 

prin turism, la nivel local, în Ţara Oaşului. 

Cuvinte-cheie: Ţara Oaşului, autenticitate, tradiţional, 

monumente istorice 

Introduction 

Oaş Land, located in northwestern Romania, 

under the administration of Satu Mare County, is a 

well defined mental space that overlaps the territory 

of 12 communes (Fig. 1). The consciousness of 

belonging to the space called “Oaş Land” did not 

appear just recently, but it was shaped over the 

centuries in the homonymic depression sheltered by 

the Oaş and Igniş Mountains. 

The first traces of human habitation in this land 

appeared during the Paleolithic Age, the evidence 

being represented by the archaeological discoveries 

from "Cetăţele”, "Lutariu", "Fartati" (Bixad 

commune), "Belovar" (Boineşti commune) and "Malu 

Turului" (Remetea Oaşului commune). Therefore, 

from Paleolithic up to the present, the people from 

these places, the "oşeni", lived and built a separate 

civilization, in connection with the existential 

possibilities offered by the often restrictive 

environment. In these conditions, in addition to the 

very rich ancient spiritual culture, this place has a 

number of historical monuments, evidence of 

material culture represented by: the Paleolithic 

settlements (Bixad, Boineşti, Remetea Oaşului), the 

fortification with stone enclosure wall from Tămăşeni 

village, Batarci commune, situated on the "Fortress 

(Varhegy)" plateau (13th century), a more recent 

monastery "Holy Apostles Peter and Paul" in Bixad, 

the churches (in Bixad, Călineşti-Oaş, Boineşti, Gherţa 

Mică, Moişeni, Negreşti-Oaş, Prilorg, Racşa, Tur, 

Vama and Turţ) and the rural architectural heritage. 

The problem of historical monuments and their 

integration in the tourist offer was widely debated, 

both directly and indirectly, in the foreign literature 

(Breathnach, 1994; Duffy, 1994; Featherstone, 1990, 

Herbert, 1995; Kealy, 1992; Nolan, 1992 , Prentice, 

1994, Timothy and Boyd, 2003) and in the Romanian 

one (Cocean, 2007, Herman and Wendt, 2011; Ilieş, 

2006; Ilieş et al., 2008, Ilieş et al., 2009, Olaru and 

Ancuţa, 2010; LMI, 2010). However, at local level 

there is still a lack of knowledge in this direction. 

The studies conducted aimed at identifying and 

mailto:grigoreherman@yahoo.com


 
 

The Role and Importance of Historical Monuments in the Diversification of Tourism Offer in Oas Land (Romania) 

230 forumgeografic.ro 

describing historical monuments (LMI, 2010), but 

currently there are no studies and research projects 

regarding their role and importance in tourism. 

Therefore, this study has a dual character: it 

contributes to the completion of the studies 

conducted up to the present on one hand and it 

supports the human communities of Oaş Land on 

the other hand by offering concrete solutions in 

what concerns the possibilities and the ways in 

which historical sights from this area can be 

rendered profitable through tourism. 

Metodology 

The carrying out of this paper involved the 

completion of five research stages, strongly 

interconnected, methods, tools and techniques of 

research being used for each of them. The first two 

stages consisted of bibliographic identification and 

analysis of historical monuments and tourist offers 

in Oaş Land. Once completed, the above mentioned 

steps created the possibility of identifying the 

current state of development through tourism of 

historical monuments (third stage). Knowing the 

importance of historical monuments in the tourist 

offer and their potential, it was easy to find the 

current state of development through tourism. The 

problem concerning the challenges encountered in 

the development through tourism of historical 

monuments was approached in the fourth stage, the 

fifth stage aiming at the identification of key 

measures that are to be taken in order to surmount 

and overcome these challenges. The paper concludes 

by highlighting the findings. 

Historical monuments in Oaş Land 

Historical monuments constitute a particularly 

important anthropogenic tourism resource along 

with other resources including economic buildings 

with touristic function (the Călineşti-Oaş dam and 

the Mujdeni dam), human activities suited for 

tourism (pottery activities in the craft shop from 

Vama, weaving, sewing clothes and embroidering, 

making peasant’s hats, collars and torsos), and 

ethnographic resources (folk songs and dances, 

authentic traditional costumes from Oaş) etc. 

The National Institute of Heritage, under the 

Ministry of Culture and National Heritage, includes 

historical, religious and cultural sites in the category 

of historical monuments. 

Their development through tourism depends 

largely on how they respond to "the five attributes 

that all anthropogenic resources store, namely: age, 

uniqueness, originality, size and function "(Cocean 

and Dezsi, 2001; Cocean, 2007). 
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Fig. 1: Distribution map of historical monuments in Oaş Land 

In Oaş Land, in 2010, a total of 28 sights of this 

type, distributed in 14 towns and 9 administrative 

units (Fig. 1) were identified and included in the list 

of historical monuments created by the National 

Institute of Heritage, under the Ministry of Culture 

and National Heritage. 

The analysis of the distribution map of different 

types of historical monuments in Oaş Land reveals a 

high proportion of  historical sights (50%), followed 

by the religious sights (42.9%) and the cultural ones 

(7.1%) (Fig. 2). 

50,0%42,9%

7,1%

Historical sights Religious sights Cultural sights

 

Fig. 2: Percentage distribution of historical 

monuments in Oaş Land 

Source: Lista monumentelor istorice 2010 

The fourteen historical relics from Oaş Land 

testify for the continuity and the creative genius of 

the Romanian people since ancient times 

(Paleolithic) and up to present. In this category, ten 

human settlements were identified, dating from the 

Stone Age (Paleolithic) and Bronze Age (Suciu de 

Sus Culture), two archaeological sites with unknown 

attestation, a fortification with stone enclosure wall 

from the 13th – 15th centuries and the ruins of the 

Pásztory family phalanstery from the 18th century. 

The share of religious sights is close to that of 

historical sights. This category comprises eleven 

Orthodox churches dating from the Modern and 

Contemporary Age and the "Holy Apostles Peter and 

Paul" monastery in Bixad built between 1769 and 

1771. While in the past churches were built of wood, 

just like the wooden church from Lechinţa, Călineşti-

Oaş commune and the one from the Oaş Land 

Museum, Negreşti-Oaş, nowadays they are masonry 

constructions covered with sheets. The large number 

of Orthodox churches included in the historical 

monuments category reflects the predominantly 

Orthodox religion and the ethnic composition, of 

Romanian majority, of people from Oaş Land. 

The two cultural sights are represented by the 

Mărcuţ Iacob of Grigor house from Călineşti-Oaş 

Village, Călineşti-Oaş commune, no. 331, 

documented in 1727 and the Ethnographic Museum 

of Oaş Land from Negreşti Oaş, Livezilor street, no. 

3-5. Both sights are real vestiges of art, ethnography 

and folklore, testimonies of ancient times. 

In terms of documented historical monuments, 

the ones from the Stone Age and Modern Age 

predominate, each with 33.3%, followed in 

descending order by the ones from the Medieval 

Age (18.5%), Contemporary Age (7, 4%) and Bronze 

Age (3.7%). Historical monuments with unknown 

attestation reach only a percentage of 3.7% (Fig, 3). 

33,3%

3,7%
18,5%

7,4% 3,7%

33,3%

Stone Age Bronze Age

Medieval Age Modern Age
Contemporary Age Unknown attestation

 

Fig. 3: Percentage distribution of historical 

monuments in Oaş Land according to the 

attestation time 

Source: Lista monumentelor istorice 2010 

The spatial location of monuments in Oaş Land 

highlights a great density in the centre of the 

homonymous basin, in the administrative units 

Bixad, Oraşu Nou, Negreşti, Certeze, around the 

communes Bixad, Remetea Oaşului, Negreşti Oaş 

etc. This can contribute to a better use of historical 

monuments in tourism, the high density being an 

asset and also an advantage in terms of arrangement 

for tourist purposes (Fig. 1). 

Tourism offers in Oaş Land 

The analysis on the Oaş Land revealed a 

concentration of the tourist offer in the area of 

several communes like: Negreşti Oaş, Huta Certeze, 

Vama, Bixad, Valea Măriei, Luna Şes, Oraşu Nou 

and Turţ Băi. 

The natural resources from Oaş Land are 

particularly diverse in terms of quality and quantity. 

The most noticeable are the orographic ones: 

Pietroasa Peak (1200 m), Small Mountain Peak (1012 

m), Soci Hill, Vezeului Peak (1057 m), Tribuşoru Peak 

(976),  Rotundu Peak (1240), Bulanu Peak (1167), 

Flower Cave - and the hydrographic ones: Călineşti-

Oaş Lake, Mujdeni Lake, Turului Valley, Talna 

Valley, Lechinţa Valley, Brada Valley, Gypsy Valley, 
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Deep Valley, etc. This category also includes mineral 

waters or the so called "borcuturi", one of the main 

attractions in Oaş Land, which represent the 

fundamental ingredient of local tourist resorts like 

Valea Măriei (Mary Valley), Băile Puturoasa, Turţ-Băi, 

Tarna Mare-Băi and of the Bixad sanatorium. 

The presence and abundance of anthropogenic 

tourism resources is strongly related to the fact that 

"Oaş is a geographic “Land” type region from 

Romania, where a clearly defined community exists 

and where people identify with their living space, 

becoming oşeni "( Ilieş, 2006, p 154). They are defined 

by some identity elements specific for the Oaş 

community, elements that can be identified directly in 

the area (houses, farms, traditional costumes, dances 

called "danţuri", songs called "ţupurituri" etc.) or at 

the level of temper, action mode, mentality (Herman 

and Wendt, 2011; Ilieş, 2006). 

The above mentioned identity elements 

constitute a real tourism resource, a generator of 

tourism motivation not only at a national level, but 

also at an international one. In this respect, it is 

worth mentioning the ethnographic resources 

(traditional architecture, traditional costumes from 

Oaş, occupations, crafts, traditions and customs), the 

religious buildings, the cultural buildings (Mărcuţ  

Memorial House) and the human activities suited 

for tourism (Sheep breeding in Huta Certeze, 

Strawberry festival in Halmeu). 

The accommodation facilities include six units 

classified with two or three stars and located in four 

communes (Negreşti Oaş, Huta Certeze, Oraşu Nou 

and Vama) with a capacity of 113 rooms and 231 

beds. They represent, at county level, 11.6% of the 

total number of rooms for accommodation and 

10.44% of the offered beds. In terms of structure 

type, there are three boarding houses (with a 

capacity of 29 rooms - 60 beds, classified with 2 

stars) and three hotels (with a capacity of 84 rooms - 

171 beds, classified with 2 and 3 stars). In 

conclusion, by analysing the above data it can be 

seen that the ratio between the number of rooms and 

beds from the two types of accommodation is 

superior for a hotel-type structure (LSPTC, 2012). 

The catering includes 1371 places (21.78% of the 

total number of places in the county) and it is 

structured in 12 catering units classified with two 

and three stars. In terms of spatial distribution they 

are located in five municipalities namely: Negreşti 

Oaş (4 units), Huta Certeze (1 unit), Vama (3 units), 

Certeze (2 units) and Oraşu Nou (2 units). The 

spatial analysis of the specific infrastructure shows 

up the fact that it is unevenly distributed, 

concentrated in the town of Negreşti Oaş and its 

surroundings, Huta Certeze, Vama and Mujdeni. A 

comparative analysis on the catering units and the 

accommodation ones highlights the higher number 

of the former compared to the latter. This is 

explained by the fact that tourism in Oaş Land is of 

local - regional interest, specifically addressed to the 

tourists from the immediate proximity, tourists who 

do not require accommodation (LSPTAP, 2012). 

The analysis on tourist offer at spatial level 

revealed the existence of three types of 

administrative units, namely: 

- administrative units with very low tourist offer 

(Tarna Mare, Batarci, Cămărzana, Gherţa Mică, 

Târşolţ and Bixad); 

- administrative units with low tourist offer 

(Turţ, Călineşti Oaş, Oraşu Nou, Vama and Certeze); 

- administrative units with average tourist offer 

(Negreşti Oaş) (Fig. 4); 

In conclusion, it is noticeable that the tourist offer 

in Oaş Land is unevenly distributed in terms of 

space, situation caused on the one hand by the lack 

of infrastructure, especially tourism infrastructure, 

and on the other by a bad management in what 

concerns the promotion and development through 

tourism of anthropogenic resources, particularly the 

ethnographic ones and the historical monuments. 

Present state of the capitalization through 

tourism of the historical monuments from Oaş 

Land 

Until now, historical monuments, along with the 

elements of identity and specificity from Oaş Land 

have contributed very little to tourism development 

because of the closed system in which this complex 

has evolved (Herman and Wendt, 2011). Tourist offer 

was intended for domestic consumption and only to a 

lesser extent for the external one. The historical 

monuments, the identity and the specificity were not 

new for people living in Oaş. As a result, Oaş Land 

first started to render profitable the natural resources 

(relief, hydrography and natural springs). Only the 

recent opening towards the European Union brought 

a slight emphasis on the development through 

tourism of the elements of identity, specificity and 

history. This improvement comes with the awareness 

of possessing an ethnological, folkloric, historical 

heritage and as a natural response to foreign demand. 
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Fig. 4: The distribution of tourism offer in Oaş Land at the administrative unit level

Challenges encountered in the capitalization 

through tourism of the historical monuments 

from Oaş Land 

Although it owns a great variety of historical 

monuments, Oaş Land finds itself only in an early 

stage of development through tourism. This is 

caused by a low level of education, poor 

infrastructure and engineering services, poor 

tourism promotion, wrong mentality, lack of 

involvement from the authorities and local 

communities to promote tourism etc. 

The analysis of the opportunities to capitalize the 

historical monuments from Oaş Land revealed the 

existence of several challenges of major importance 

like: lack of involvement of population, local and 

county authorities in the protection, development and 

promotion of historical sights at national or 

international level, lack of involvement of higher 

education institutions in order to create a development 

plan for the historical sites from Oaş Land, advanced 

degree of deterioration of several historical sights, 

inexistence of a landscape design that highlights the 

historical sights, inexistence of protected areas for 

historical monuments, lack of infrastructure for access 

to historical monuments in Oaş Land, lack of effective 

promotion and development of historical monuments, 

lack of a strategy to attract investments in tourism and 

to stop external migration, lack of a strategy for a 

sustainable and responsible development etc. The 

surpassing of the above listed challenges will 

constitute a guarantee and also a condition regarding 

the opportunities to develop the historical monuments 

from this region and beyond. This requires, as a sine-

qua-non condition, a set of specific measures, in close 

agreement with the realities. 

Measures required for the capitalization 

through tourism of the historical monuments 

from Oaş Land 

The emphasis on the challenges found in the 

capitalization of the historical monuments from Oaş 

Land has led to the identification of appropriate 

measures to be taken in this direction, namely: 

- involvement of population, local and county 

authorities in the protection, development and 

promotion of historical sights at national or 

international level, through an effective planning 

that aims at the preservation and restoration of the 

historical monuments; 

- involvement of higher education institutions in 

order to create a development plan for the historical 

sites from Oaş Land; 

- measures for the rehabilitation and the 

preservation of historical sights; 

- creation of a landscape design that highlights the 

historical sights; 

- creation of protected areas for historical 

monuments; 

- development of an infrastructure for making the 

access easier to historical monuments by upgrading 

the vehicles access, by facilitating each sight with 

parking space and healthcare points; 

- creation of an effective promotion system that 

suggests maps with recommended routes, boards, 

banners, signs, leaflets, brochures, website pages etc. 
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- strategies to attract investments in tourism and to 

stop external migration; 

- development of the area in compliance with the 

principles of a sustainable and responsible 

development. 

Conclusion 

Even if Oaş Land possesses many historical sights, 

they are not fully taken advantage of in the absence of 

an optimal strategy for their recovery through tourism. 

The existence of historical resources along with other 

types of tourism resources is an additional argument, a 

plea for the need to develop tourism in Oaş Land 

according to the principle of sustainable and 

responsible development and the principle of 

environmental protection. This would contribute to 

tourism development and to the diversification of 

these places, to their integration in the national and 

international tourism circuits. It would also increase 

the number of tourists from the national and 

international tourist market, thanks to local and 

regional potential, it would increase the socio-

economic level of the area, it would preserve the 

cultural-authentic heritage and it would strengthen the 

identity and the specificity of Oaş Land. 
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Abstract 

The present study aims to implement in the GIS 

modeling the results of a survey that sought to define 

an algorithm by ranking environmental elements so as 

to determine and regionalize the tourism potential and 

attractiveness of mountain areas. Tourism potential is 

an important indicator in characterizing any area, and 

the result of a plurality of components pertaining to the 

natural, geographic, cultural-historical and socio-

economic environment.  

Tourism is a social phenomenon, so that the application 

of a social research method – the questionnaire - 

represents a good evaluation technique for the elements 

that potentiate the phenomenon in question. Its 

construction was aimed primarily at the environmental 

elements, plus an element that stands for the symbiosis 

between two or more valuable features of the 

environment – the protected areas. The results show 

that, for about 73% of the respondents, the landscape 

and the protected areas are essential factors in assessing 

the tourist attractiveness of any mountain area. 

The landscape factor was analyzed in terms of 

morphometry - altitude, relief intensity, drainage 

density, slopes, and morphology - genetic types of relief 

(the only quantified types being the glacial, karstic, 

volcanic and lithostructural ones). As indicators to 

quantify the algorithm resulting from the questionnaire, 

we used the information provided by the ArcGIS 9.2 

software platform, with the use of which morphometric 

and geomorphologic applications were created. As a 

case study, we used the Rarău Mountain area in the 

north of the Eastern Carpathians. Finally, the regional 

map of tourism potential and attractiveness was 

obtained, as well as statistical data expressed 

mathematically, which can be used in ranking mountain 

areas in terms of the features mentioned above. 

Keywords: tourism potential, mountain areas, 

Questionnaire, GIS 

Rezumat. Evaluarea potenţialului turistic 
geomorfologic al ariilor montane. Stdiu de caz: 
Masivul Rarău 

Studiul prezent are scopul de a implementa în 

modelarea GIS rezultatele unui sondaj care a avut drept 

obiectiv definirea unui algoritm prin ierarhizarea 

elementelor cadrului natural în vederea determinării şi 

regionării potenţialului şi a atractivităţii turistice a ariilor 

montane. Potenţialul turistic este un indicator important 

în caracterizarea turistică a oricărui spaţiu, fiind 

rezultatul unui cumul de componente ale mediului 

geografic natural, cultural-istoric şi socio-economic. 

Turismul este un fenomen social, astfel încât aplicarea 

unei metode de cercetare socială – chestionarul – 

reprezintă un bun procedeu în evaluarea elementelor 

potenţatoare ale acestui fenomen. Construcţia acestuia 

a vizat în primul rând elementele cadrului natural, la 

care s-a adăugat un element care reprezintă simbioza 

între două sau mai multe caracteristici valoroase ale 

mediului – ariile protejate. Rezultatele relevă faptul că, 

pentru aproximativ 73% dintre respondenţi, relieful şi 

ariile protejate reprezintă elemente determinante în 

evaluarea atractivităţii turistice a ariei montane. 

Factorul relief a fost analizat din punct de vedere 

morfometric – altitudine, energie, fragmentare 

orizontală, pante şi morfologic – tipuri genetice de relief 

(fiind cunatificate doar tipurile glaciar, carstic, vulcanic si 

litostructural). Pentru cuantificarea indicatorilor conform 

algoritmului rezultat în urma aplicării chestionarului s-a 

folosit platforma informatică oferită de ArcGis 9.2, cu 

ajutorul căreia au fost create aplicaţiile morfometrice şi 

geomorfologice. Ca studiu de caz s-a folosit aria 

Masivului Rărău situat în nordul Carpaţilor Orientali. În 

final, a fost obţinută o harta a regionării potenţialului şi 

atractivităţii turistice şi date statistice exprimate 

matematic, care pot fi utilizate la ierarhizarea ariilor 

montane din punctul de vedere sus menţionat. 

Cuvinte-cheie: potenţial turistic, arii montane, 

chestionar, SIG 
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Introduction 

Land relief is the result of modeling the Earth’s 

crust due to the dynamic interaction between the 

endogenous and exogenous factors. The intensity of 

their action completes, at the crust’s level, 

contrastive landscapes: low, flat, monotonous - 

plains and mountains, tall, fragmented and varied in 

terms of landscape. On account of the diversity of 

the morphometric and genetic typology, of the two 

categories, the mountains are emerging as areas of 

special appeal for social and economic activities 

such as tourism. 

P. Cuvelier (1998, cited by I. Muntele and C. Iaţu, 

2003) defined tourism as “a set of practices 

associated with the temporary abandonment of 

one’s residence, aimed at relaxation or for socio-

cultural reasons”. The social valence of tourism is 

crucial, especially since it is part of the human 

behavior especially in developed countries (see 

rising living standards, more spare time, more 

money, diverse and fast means of transportation), 

and also because of the intense changes the 

environment has suffered in recent decades. 

In the present study, a method was applied to 

assess the tourism potential of mountain areas in 

terms of/on account of the assessments and needs of 

the social milieu. The methods used are expressed 

through the social survey questionnaire, which aimed 

to assess the natural elements and their hierarchy 

depending on the options expressed by respondents 

and then the cartographic representation of the 

results using the analysis platforms offered by 

various geographical information systems (GIS). 

Although the questionnaire applied covers all the 

natural elements, in this analysis we evaluated only 

the relief as a tourist attraction factor.  

Tourism potential is an indicator of utmost 

importance in the tourist characterization of any 

space and it is highlighted by adding the tourist 

background to the technical and material base. It 

stands for a plurality of components of the natural 

geographical environment (land relief and 

geological substrate, climate, water courses, 

vegetation, fauna) and cultural-historical elements 

(archeological sites, museums, memorial houses, art 

and historical monuments, ethnography and 

folklore items), to which we add the presence of the 

socio-economic component (population, settlements, 

economic facilities, social and administrative 

institutions), all the prerequisites for the 

development of tourism activities (M. Dinu, 2004). 

Tourism attractiveness is implicitly determined 

by the wealth of the natural and human potential 

and plays an important role in determining the 

tourism value of certain areas - regions, habitats, 

tourist resorts, and in establishing (among other 

elements) the opportunities and priorities to investi 

in tourism. It also concerns the emotional dimension 

of different components of the tourism potential, 

referring especially to what is striking and captures 

the attention of tourists, causing impressions and 

changes at the aesthetic, cognitive and psychological 

level (Cocean et al, 2002). 

Methodologies to estimate the tourism attractiveness 

of the natural environment have been applied by 

different specialists: L.E. Hudman (1979, quoted by 

Muntele, Iaţu, 2003), Cazes et al. (1980, quoted by 

Ciangă, Dezsi, 2010), P. Cocean (1984, quoted by Irimuş, 

2010), Erdeli, Istrate (1996), Ciangă (1997). Using GIS 

applications in various areas of geographical analysis 

(morphological, climate, hydrology, human, economic - 

involving tourism) facilitates the identification of 

practical solutions in planning and implementing 

sustainable regional development. In this respect, we 

mention GIS applications in planning sustainable 

tourism (Bahaire, Eliot-White, 1999), in defining 

recreational space and its spatial representation (Kliskey, 

2000), in infrastructure and sustainable tourism 

planning (Boers, Cottrell, 2007), and finally in the 

identification of new ski areas in Muntele Mic-Ţarcu 

(Török-Oance et al., 2010).  

In this context, the use of GIS in assessing the 

tourism potential of mountain areas using a 

procedure that combines a social research method 

with a geographical research tends to complement 

current scientific trends. 

Method 

In order to evaluate the potential, but also the 

tourism attractiveness of mountain areas relief, we 

proceeded to build a questionnaire aimed at 

identifying and prioritizing the tourists’ interest for 

various elements of the natural environment. The 

objectives were to classify environmental elements 

(relief, climate, hydrography, vegetation and fauna, 

with the inclusion of protected areas, which could be 

sometimes considered the landscape quintessence of 

mountain massifs) and to define the share of each in a 

general algorithm, valid and applicable to any 
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mountain area. Since the hierarchy of the general 

components of the natural environment alone is not 

sufficient to capture the regional differences in the area 

of the same orogenic group, the questionnaire was 

completed with questions that aimed to quantify all 

the morphological characteristics of landscape factors. 

Thus, the characteristics of the landscape were 

analyzed in two directions: morphometric (elevation, 

relief intensity, drainage density, horizontal 

fragmentation, slopes) and morphological (genetic 

types of relief). In the latter class, the following genetic 

relief categories have undergone classification as the 

most important in terms of tourism potential: karst, 

structural and petrographic (except for the karst), 

glacial and volcanic. The morphometric analysis 

considers the assessment of the dimensional elements 

of relief, allowing a quantitative comparison between 

different mountainous massifs. The geomorphologic 

analysis is a quantitative and qualitative one which 

emphasizes the landscape diversity grouped by 

genetic categories. The hierarchy of morphometric and 

geomorphologic elements and their association with a 

mathematical expression was staged gradually 

according to the following question structure:  

1. Choose the landscape feature that you consider 

more important as a tourist attraction:  

a) morphometry; b) morphology 

2. Rank the following morphometric elements in 

term of attractiveness: 

a) elevation; b) slope; c) energy; d) horizontal 

fragmentation 

3. Rank the genetic types of relief: 

a) karstic; b) structural and petrographic; c) 

volcanic; d) glacial.  

The questionnaire was applied to a number of 

234 persons aged between 19 and 25 years, students 

of Geography at the “Ştefan cel Mare” University, 

Romania. There were a total of 196 validated 

questionnaires. Questions were aimed at prioritizing 

the morphological indicators in order to build a 

mathematical representation scheme.  

The quantification of indicators according to the 

formulas generated by the questionnaire and the 

cartographic representation was done by making the 

best of the opportunities for matrix statistical analysis 

offered by the GIS (Geographical Information 

System) software, applied on land relief.  

The NMT, the numerical model of terrain 

(Constantinescu, 2006) was generated for the spatial 

representation of morphometric indicators of relief , 

using 1:25,000 scale topographic maps as analysis 

support: edition 1984, in colour, georeferenced in the 

Gauss-Kruger projection. Different GIS stages were 

used to generate the numerical model: Global 

Mapper 10, for the georeferencing of maps, Map 

Maker 3 for digital mapping and ArcGis 9.2 for the 

final processing of data.  

The relief morphology, represented by different 

genetic types of relief, was quantified by indices of 

representativeness and the cartographic rendition by 

polygonal vectors according to the geographical 

distribution of genetic categories of relief. Whereas 

morphometric analysis is more objective, as a result of 

objective findings on the basis of an NMT, the analysis 

and cartographic representation of morphological 

elements are dependent on subjective factors such as: 

detailed knowledge of topography, geomorphologic 

experience of the person mapping the study area and 

approximate cartographic delimitation of the genetic 

types of relief. The aim is to define the areas 

corresponding to certain genetic types of relief within 

the perimeter of the mountain massif. 

Case study presentation 

Located in the northern extremity of the central 

group of the Eastern Carpathians (Fig. 1), Rarău 

Mountain, with its maximum altitude of only 1651 

m, overlooks two important north-south valleys, 

which are its physical and geographical boundaries: 

the Bistriţa Valley and Moldova Valley, respectively. 

Its western and eastern boundaries are less clear-

cut. The western boundary that separates it from the 

neighbouring mountain, the Giumalău, corresponds 

to tributaries of the Moldova and the Bistriţa rivers 

that share the same name: Colbu. The springheads 

of the two water courses converge to the 

homonymous saddle - Colbu. To the east and the 

south-eastern limit that separates it from the 

Stînişoara Mountains it seems to follow, from north 

to south, the connecting line corresponding to the 

Câmpulung-Slătioara road, along the Şandru brook, 

then along the Slătioara Valley to the confluence 

with Gemenea. The limit goes upstream the already 

named brook, and then on a right tributary - Hogea 

up to Prislop Saddle, after which it follows the 

valley of Chiril brook down to the Bistriţa Valley.  

Geological features. From a geological viewpoint, the 

Rarău massif overlaps the marginal syncline of the 

crystalline, covered by a thick mass of Mesozoic 

sediments, consisting of limestone, sandstones, 

conglomerates, jaspers, and marly limestone over 
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which, in the central area, thick sediments of the 

wildflysh type (neritic-coastal sediments) are settled. 

Within the mass of the latter type are located the 

urgonian limestone reefs that Pietrele Doamnei and 

Todirescu Peak are grafted on (V. Mutihac, 1968). Due 

to its specific geological structure, the Rarău displays 

many similarities with other large Eastern Carpathians 

massifs: Ceahlău, Hăşmaş, Ciucaş, Bucegi. 

 

Fig. 1 Location of Mountain Rarău in the Suceava County (Autor: Dinu Oprea-Gancevici) 

Morphological features. The suspended synclinal 

character of these areas gives these mountain areas 

the characteristics of typical terrain inversions. 

However, the morphology developed on these 

structures provides it with a distinct personality in 

the Carpathians landscape area. The general 

morphography results from the major tectonic 

diastrophisms and from the processes of denudation 

that followed. Thus, following the criterion of the 

cyclical evolution of landscape, I. Sîrcu (1978) argues 

for the existence of two Eastern Carpathians erosive 

levels: the former at 1000-1100 m (Mestecăniş area) 

and the latter, located at elevations over 1500 m 

(Cerbul area). The former level would correspond in 

Rarău to the peaks and hummocks located towards 

the extremities of the mountain; the latter, to the 

central area that contains Munceii Rarăului (Tihăria 

Peak, 1577m), Pietrele Doamnei (1634m), Rarău Peak 

(1651m), Popchii Rarăului (1628m) and even 

Todirescu Peak (1476m). The overall look of the 

mountain is customized by at least three genetic 

morphological categories: structural, lithological and 

periglacial relief. 

The range of structural and petrographic relief is 

complex and differentiated, as some landforms 

reflect the tectonic-structural component while 

others, the lithological component. The abrupt 

formations can be both lithological and tectonic-

structural (Rusu, 1997). The first category selectively 

subsumes the Piatra Zimbrului, located east of 

Pietrele Doamnei, and the second, the northern 

abrupt formation of Rarău, which displays, along 

approximately 2 kilometres, walls that can exceed 

100-120m level difference (Fig. 2). 

The typology of the cross-cut valleys is given by the 

alternation of narrow sectors with enlarged ones, as a 

consequence of the spatial distribution of lithological 

horizons with different characteristics. The most 

important cross sections belong to the Moldova 

(between Pojorâta and Sadova) and the Bistriţa (at 

Zugreni), but also to tributary rivers such as the Valea 

Caselor, Izvorul Alb, Valea Seacă, collected by the 

Moldova and by Chiril, a tributary of the Bistriţa, along 

which small gorge areas appear.  

Among the petrographic relief types that confer 

specificity to this mountain area we can also 

mention the ones developed on potentially karstic 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XI, Issue 2 December 2012, pp. 235-245 
http://dx.doi.org/10.5775/fg.2067-4635.2012.091.d 

© 2013 Forum geografic. All rights reserved. 239 

rocks (dolomites, limestone – the karstic relief) and 

metamorphic rocks. 

 

Fig. 2 The northern abrupt formation of Rarău and 

Coada Peretelui (Dinu Oprea-Gancevici) 
 

The karstic relief is represented by an area of about 

18 sqkm in the high central part of the mountain, 

where both endo- and exo-karstic forms are evident.  

The karstic landscape does not display a large 

extension as of now, limiting itself to a few cavities 

of tens of meters in length. The sinkholes identified 

are fewer in number and located mainly near 

Todirescu Peak and the Pastoral Chalet.  

The caves identified are few. The most important 

is the Bats’ (Liliecilor) Cave. The cave is situated at 

an altitude of 1500m; it displays a development of 

340m and an 86m bump. The entrance appears as a 

large sinkhole with a diameter of 2-3m. The cavity is 

formed in limestone and goes downwards in 

successive steps that almost reach the limestone 

foundation (Done et al., 2011).  

This cave is actually an underground labyrinth 

formed between the tectonically displaced limestone 

blocks by processes of gelifraction or even by 

collapse due to seismicity; there are no galleries here 

and no clear evidence is to be found about the 

modeling by water flow. Also in this cave concretion 

formations do not occur. Such caves are also found 

in the gaps between the blocks of limestone 

stationed at the foundation of Pietrele Doamnei, but 

they are smaller.  

What makes this cave known, however, as its 

name indicates, is the colony of bats that inhabit it. 

Eight species were identified of which two are 

numerically dominant: Myotis myotis and Myotis 

oxygnathus. Compared to other caves in the eastern 

Carpathians, the bats in this cave are relatively 

numerous, but with a population experiencing a 

downward numerical trend: from about 7500 bats in 

1963 to about 2200 bats in 2011. Since 2004, it has 

been a protected area with the status of scientific 

reservation (Done et al., 2011).  

A cave about 50m in length was observed at the 

foot of the northern scarp (http://www.romania-

natura.ro/node/242) of the mountain. If Liliecilor 

Cave seems more like a tectonic construction, 

consisting of a sequence of spaces between blocks of 

large debris, the newly reported cave is a typical 

endo-karstic construction, in the genesis of which 

water played an important role (Fig. 3). 

 

Fig. 3 Endo-karstic galleries modeled by the flow 

of groundwater (Vasile Bouaru) 

The exokarstic relief is extant too, but with very 

limited morphological expressions. Lime pavements 

are more widespread, Rusu (1997) indicating three 

types: linear, tubular and mixed ones. Small clusters 

of lime pavements can be seen on the rock 

formations from Pietrele Doamnei, Popchii Rarăului, 

Hăghimiş, Todirescu, Coada Peretelui etc. Sinkholes 

are few in number and faintly shaped. They can be 

seen in the area of the Pastoral Chalet, Popchii 

Rarăului Peak and Todirescu. The maximum size is 

30 m in diameter. Karstic gorges appear from joint 

developments caused by karst-formation and river 

erosion processes valleys and are present on the 

valleys of the Izvorul Alb (the White Spring), Valea 

Caselor (Moara Dracului Gorge – the Devil's Mill 

Gorge) streams. The best known are those associated 

with the Bistriţa Valley: Zugreni Gorge. 

The relief developed on metamorphic rocks and on 

sedimentary sandstone is morphologically similar. In 

Rarău we could mention the sequence of hummocks 

bounding the Câmpulung depression to the south 

(Măgura Runcului, Runcul, Bodea) and particularly 

Munceii Rarăului, a narrow ridge, oriented NW-SE, 

which overlooks the Giumalău Valley, the limit 

between Rarău and the homonymous massif.  

Periglacial relief. It is estimated that during the 

Quaternary, the Rarău massif was not affected by the 

installation of glaciers, although their traces are 

reported in the Maramureş Mountains at 1550-1600m 
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elevation. Instead, the Periglacial fully manifested 

itself, being favoured by the lithological 

characteristics as well. All ruin-like forms and large 

accumulations of blocks are of periglacial origin. The 

forms of destruction are relicts, present or mixed, 

while the accumulative forms are predominantly 

ancient. Among the most representative forms of 

periglacial modeling are the gelifraction scarps and 

the block release cornices. During the Pleistocene, this 

process was very active at altitudes exceeding 750 m 

(Ichim, 1979). All the scarps mentioned previously 

were modeled periglacially and at their foundation 

developed real block fields and debris trains.  

Gelifraction witnesses (Fig. 4) are ruin-like, 

isolated rocky heights or rock groups. The argument 

in favour of their periglacial origin is given by the 

debris cones located at their base. In terms of 

lithology, they develop on freeze-thaw (gélif) rocks, 

limestone, dolomites, and crystalline schists. We may 

mention here Popchii Rarăului, Todirescu, Pietrele 

Doamnei, Piatra Şoimului, Munceii Înşiraţi etc. 

 

Fig. 4 Periglacial gelifraction witnesses – Colţii 

Rarăului (Author: Dinu Oprea-Gancevici) 

Evaluation and results 

The completion of the questionnaire sought to 

understand how potential tourists perceive the 

environmental elements as potentiators of tourism 

attractiveness. The quantified answers to the first 

question – “Which of the following landscape 

elements (geology, relief, climate, hydrography, 

biogeographic ensemble, protected areas) is crucial 

in generating tourism potential?” - revealed the 

decisive weight (about 73%) of the landscape and 

the protected areas in determining the attractiveness 

of mountain massifs (table 1). 

The results of the questionnaire have also revealed 

that morphometry prevails over morphology. It was 

also found that altitude plays a decisive role in 

generating the desire to climb mountains and the 

glacial landscape is the most attractive in the 

morphologic category. The questionnaire results and 

the formulas for determining the tourism potential of 

relief have been centralized in Table 2. 

Using the questionnaire and the sociological survey 

in the study conducted, beyond the bias caused by the 

public it was addressed to, allows for the creation of an 

image of what young tourists request from mountain 

areas. And if one considers that of all the tourists who 

cross the mountain paths most people are under 30 

years of age, then the results can be considered close 

enough to objective reality. 

The evaluation of morphometric potential was 

performed by deriving from the study area’s NMT 

the morphometric maps: hypsometric, slope, 

horizontal fragmentation and energy.  

Terrain hypsometry captures its natural elevation 

setting. The representation of elevation was 

achieved through elevation classes, which are 

separated by integer values of hundreds: 100, 200, ..., 

1100, 1200, ... 2400, 2500 etc. The result will be a 

number of classes corresponding to the altitude of 

each mountain massif. For the Rarău massif, there 

were defined a number of 11 classes in the 604 m-

1651 m spread (écart). Assuming the 600m isohypse 

as the one bounding the lower part of the mountain 

areas, the mountain areas corresponding to 

Romanian territory can be assigned a maximum of 

20 hypsometric classes (for all mountains higher 

than 2500 m). However, the 600 m isohypse excludes 

from the evaluation the North Dobrogea Massif and 

also does not correspond to the morphological 

contact between orogeny and some extra- or intra-

Carpathian relief units. In this respect, the 

possibility of lowering this threshold to the 

morphological border is admitted. 

Relief slope is a morphometric indicator that 

expresses the degree of inclination of slopes. The 

classification of slopes was made based on 

geomorphologic criteria: <3° - horizontal and 

subhorizontal surfaces; 3-8° - connecting surfaces; 8-

15° - gently inclined slopes; 15-25° - inclined slopes; 

25-35° - very steep slopes; 35-55° - abrupt slopes; > 

55° - scarps, walls. Declivity can also be classified by 

the equal interval criterion. If the attribute value to 

the gradient angle of 10º, we can define nine classes. 

In the study we conducted, seven classes were 

defined according to the first criterion, their spatial 

distribution showing the differentiation of areas 

with different tourism potential.  
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 Table 1 The weight of the physical-geographical elements in determining the tourism potential of the 

environment (Source: Dinu Oprea-Gancevici) 

 

Table 2 The weight of quantitative and qualitative parameters in determining geomorphologic tourism 

potential (Source: Dinu Oprea-Gancevici) 

 
 

The drainage density of relief is the morphometric 

indicator expressing the density of negative relief 

forms related to area unit. It is expressed in km/km². 

The determinations made by the authors took into 

account only the length of the river valleys with 

permanent and intermittent flow, but in order to 

render terrain reality as faithfully as possible, vector 

extraction is recommended for all negative forms of 

relief. The cartographic representation was made by 

generating fragmentation classes whose limits are 

integers: 1, 2, 3... . For the Rarău massif, five 

fragmentation classes were defined: <1 km/km², … up 

to> 4 km/km². In Romania, this morphometric 

indicator can exceed 7-8 km/km ², its value depending 

on the scale of the maps used and on the accuracy of 

vector identification and reproduction of all 

morphological concavities, regardless of their origin. 

Relief intensity is the indicator reflecting 

morphological amplitude per area unit. It is 

expressed in m/km ² and we advanced the value 

50m/km² as amplitude of the classes. With a 

maximum energy of about 550m/km², within the 

area of the Rarău mountain 11 classes were defined. 

The maximum energy in the Romanian Carpathians 

can reach 800-1000m, an amplitude which allows the 

profiling of about 20 energy classes.  

The resulting maps were combined using the 

formula: PM = 48.5 +15.8 x P + x 24 x 11.7 x E + F 

(Table 2), and then reclassified, the operation being 

required as the maps used different expressions to 

render units of measurement for each indicator (Fig. 

5). Its uniformization will thus allow for a consistent 

evaluation of the morphometric elements required 

for the morphometric assessment of relief’s tourism 

potential. 

The ArcGIS configuration of the morphometric 

potential model will rank the Rarău Mountain area 

at a pixel level with values falling within the 

following theoretical spread: minimum potential 100 

- maximum potential 3400 points. The maximum 

values resulted for the study area are 840.2 points. In 

order to regionalize the morphometric potential of 

the study area, consistent with the values obtained, 

we established eight value classes, every one 

ranking 100 points (Fig. 6). The average value of the 

morphometric potential, which, in principle, 

allowed a comprehensive assessment of the massif 

compared to other mountain massifs, is 437.8 points. 
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The peak values actually indicate areas of maximum potential or high attractiveness. 

 

Fig. 5 Determination of morphometric potential (Author: Dinu Oprea-Gancevici) 

The assessment of morphological potential is 

needed mainly to show for the mountain massifs 

range those qualitative landscape forms that 

morphometric analysis could not shape. It 

represents the act of identifying, mapping and 

vector representation of the four genetic categories 

of relief. If morphometric analysis is objective, the 

result of the NMT’s intrinsic evaluation, then 

geomorphologic mapping is dependent on the 

geomorphologist’s subjectivity. Furthermore, the 
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delineation and polygonal vector representation of 

spatiality for the types of relief identified suffer the 

same disadvantage.  

In the Rarău Mountain, two genetic types of 

relief were identified and mapped: karstic and 

structural-petrographic. Thus, the vector 

demarcation on the topographic support 

represented by the 1/25000 maps, in colour, edition 

1984, revealed the following karstic areas: Zugreni 

Gorge, Adam and Eve, Piatra Buhii, Moara Dracului 

Gorge, Colţii Rarăului, Popchii Rarăului peaks, the 

Rarău plateau which includes the summit, the 

northern scarp, Piatra Zimbrului, Pietrele Doamnei, 

Piatra Şoimului and Liliecilor Cave. From a 

structural and petrographic viewpoint, the surfaces 

corresponding to the northern scarp and to Culmea 

Munceilor were subjected to vector representation. 

Two vector layers were generated corresponding to 

the genetic categories, which were then combined 

according to the formula: Pm = 23.5xPc + 21.9xPs + 

19.9xPv + 34.7xPg (Table 2). Theoretically, at pixel 

level, values of the morphological potential between 

0 and 100 points can be recorded, but for the Rarău 

massif these will vary between 0 and 45.4 points, as 

the glacial and volcanic landscape were not 

quantified. 

 

Fig. 6 Spatial distribution of morphometric 

tourism potential 

 

Fig. 7 Spatial distribution of geomorphologic 

tourism potential (Author: Dinu Oprea-Gancevici) 

Conclusion 

Tourism is a social phenomenon that despite the 

global economic regression has experienced a 

general rise with different growth rates. The current 

trend is to promote ecological tourism, whose main 

object, from our viewpoint, is represented by the 

mountain areas. However, the potential and 

attractiveness of mountain massifs are different and 

strictly dependent on environmental characteristics, 

and, in particular, on the landscape type and the 

existence of protected areas. This opinion is based 

on a social and geomorphologic research, which 

revealed about a 73% share of the two elements 

mentioned above in determining the tourism 

potential and attractiveness of orogenic areas.  

Perhaps the most surprising is the option of most 

respondents who opt for morphometry against 

morphology, as a determining element of the 

geomorphologic tourist potential of mountain areas. 

We have tried to explain this option in terms of specific 

psychological considerations pertaining to the age 

range of the respondents. Psychologically speaking, we 

are dealing with an age spread that we intend as high 

(the altitude) and as steep (the slope) as possible, and 

above all else and everyone (the energy).  
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Modeling the analysis by using ArcGIS 9.2 

software highlights areas of potential and 

attractiveness of the landscape within a mountain 

massif. The cartographic materials generated can be 

used to adjust the existing tourism infrastructure or 

to suggest new directions for development. In the 

same direction, consistent use of the methodology 

can rank mountain massifs on tourism average 

values, but at the same time, it highlights, by 

maximum values, the areas of special interest. 
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Fig. 8 Determination of the morphological potential (Mp) (Author: Dinu Oprea-Gancevici) 
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