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Abstract 

As past seismic events showed, Bucharest (capital of Romania) 
can be significantly affected by another intermediate depth (or 
subcrustal) Vrancea earthquake. The 1940 (Mw 7.7) and 1977 
(Mw 7.4)  earthquakes put the number of casualties in Bucharest 
over 1600. Although most people and authorities are aware of the 
exposure, the mitigation actions are still improper and there is 
actually a very uncertain image of the current damage extent. The 
paper provides scientifically based answers, through quantitative 
earthquake loss estimation based on recently developed analytical 
methods, applied for buildings in the historic centre of Bucharest. 
The approach offers a relevant picture of the actual possible 
damage distribution after an earthquake similar to the 1977 
event, in an area with heavy traffic and a high number of tourists. 
The Improved Displacement Coefficient Method used in this study 
relies on the description of structural behaviour within different 
limits due to specific ground motion parameters like spectral 
acceleration. The 358 buildings in the study area are assessed 
individually and specific vulnerability curves are assigned to each 
typology, based on height, construction year and material. The 
same classification as in the Near Real-Time System for Estimating 
the Seismic Damage in Romania is used. The results are evaluated 
in order to be further included in the system. In addition, an 
empirical loss assessment procedure reflecting the economic 
impact of the previously calculated situation was employed. 
Relevant maps for mean damage ratio and economic losses are 
presented and interpreted. 

Keywords:  analytical methods, Bucharest historic 

centre, earthquake loss estimation, physical vulnerability 

Rezumat. Istoric al Bucureștiului, în cazul 
producerii unui cutremur vrâncean similar celui 
din 1977 
Așa cum au demonstrat-o evenimentele seismice majore anterioare, 
orașul București poate fi semnificativ afectat de către cutremure de 
adâncime intermediară (subcrustale) produse în zona Vrancea. 
Cutremurele din 1940 (Mw 7.7) și 1977 (Mw 7.4) au provocat 
decesul a peste 1600 de oameni în București. Deși majoritatea 
oamenilor și autorităților e conștientă de pericol, acțiunile de 
reducere a riscului sunt încă neconcludente; de asemenea, nu există 
o imagine completă a pagubelor care ar putea fi înregistrate. Acest 
articol caută să clarifice acest aspect pentru Centrul Istoric al 
Bucureștiului, cu ajutorul estimărilor de avariere cantitative bazate 
pe metode analitice aplicate clădirilor individuale. Această abordare 
oferă o imagine relevantă a posibilei distribuții a pagubelor după un 
cutremur similar celui din 1977, pentru o zonă istorică 
reprezentativă cu trafic pietonal intens. Metoda utilizată pentru 
analiza clădirilor (IDCM - Improved Displacement Coefficient 
Method) se bazează pe modelarea simplificată a comportamentului 
structural în condițiile acțiunii seismice reprezentate prin valori de 
accelerație spectrală. Cele 358 de clădiri analizate în acest studiu 
sunt evaluate individual, ținându-se cont de materialul structurii de 
rezistență, vârstă și înălțime, iar apoi funcții specifice de 
vulnerabilitate le sunt atribuite. Acestea respectă tipologiile definite 
în cadrul Sistemului de Estimare în timp real a Pagubelor generate 
de cutremure în sudul României, operat de către INCDFP. 
Rezultatele analizei sunt evaluate și din perspectiva includerii în 
cadrul acestui sistem. Adițional, o metodologie empirică este 
aplicată pentru calculul impactului economic al avarierii clădirilor. 
Hărți relevante ilustrând gradul mediu de avariere și vulnerabilitatea 
economică sunt prezentate și interpretate. 
   

Cuvinte-cheie: turism pentru menținerea și refacerea 

sănătății, servicii spa, wellness, România 

 

Introduction 

Cities are more vulnerable to natural hazards 
than other environments because they consist of a 

high concentration of people within a relatively small 
area, in which multiple systems interconnect and 

lead to vital dependencies. There is also another 

important aspect - vulnerability increases with 
complexity, and nowadays big cities are much more 

complex than they were when past major 
earthquake occurred. When referring to the effect of 

earthquakes, urban areas can suffer greatly, both 
due to direct and indirect damage; the impact can 

be considerable and on long term. Cities like Mexico 
City, San Francisco, Tokyo or Bucharest, exposed to 

seismic hazard, learned to adapt in order to survive, 

but there is no guarantee that past lessons were 
learned and also that seismic events will follow the 

same patterns. Research plays a major role in 
preparing for the next event and the loss estimates 

are among the key elements. 
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One of the major downsides in taking mitigation 
actions lies in the fact that the risk is much harder to 

predict in urban areas, because the processes 

between different components cannot be easily 
modelled. A key point to focus initially is the seismic 

performance of buildings, since they have the 
highest impact on human lives. The individual 

assessment of buildings is a very long process, 

therefore, in order to simulate a quick big picture, 
different other approaches were developed, showing 

stakeholders a preliminary estimate of the possible 
seismic effects they should be aware of (FEMA 2004, 

Molina et al. 2010, Hancilar et al. 2010). 
Due to its position and building stock, Bucharest 

is supposed to have one of the highest seismic risks 

among the European capitals. Giving the high 
probability of occurrence of a major seismic event in 

the next decade in the Vrancea seismic zone, up-to-
date vulnerability and risk analyses at the city level 

are required. 

This paper aims to contribute to this effort, by 
studying new methodologies involving quantitative 

earthquake loss estimation based on analytical 
methods, applied in the historic centre of Bucharest. 

The focus of analytical methods is on physical 
factors making certain buildings collapse, and not on 

previously observed patterns based on intensity or 

non-invasive evaluations (correspondent to empirical 
approaches). Analytical methods, such as the 

capacity-spectrum methods developed since the 
90’s, rely on a better description of the structural 

behaviour due to a well-defined seismic input in 

earthquake engineering terms (Erduran et al. 2012). 
The difficulty in applying analytical methods consists 

in defining accurate-enough models to describe 
relevant types of buildings' response behaviours in a 

large area (Vacareanu et al. 2001). Due to 

knowledge accumulated on site and from different 
acknowledged projects, we were able to overcome 

this aspect. 

 

1. METHOD 
1.1 Study area 

Bucharest began its existence in the 14th century, 

as a market borough situated near the bridges over 
the Dambovita River at a junction of existing old 

roads, in the area between the forest and the 
steppe (Giurescu, 1979; Harhoiu, 1997; Pippidi, 

2002; Mihailescu, 2003). Its growth and evolution 

towards gaining the status of capital (from 1659 
onwards) was mostly politically driven. The city's 

image has been shaped by the disasters affecting it: 
earthquakes (1701, 1738, 1802, 1838, 1940, 1977), 

the Dambovita's floods, great fires (1802, 1804, 
1847), and also by foreign troops occupation and 

influence. After the independence of Romania (in 

1877), the diversification of city's functions has been 
reflected by specific architectural styles, increasingly 

evident in the 19th century, dominated by the 
neoclassic and eclectic styles (Curinschi Vorona, 

1981; Mucenic, 1997; Celac et al., 2005). Different 

architectural styles are defined by the function of 
the building: the residential house, the inn, the shop 

and the institution. 
Within the analysed area of the historical centre 

(Lipscani core area – Fig. 1) the the dwelling house 
(usually 2 floors) with a ground floor shop is the 

predominant type, being specific for the traditional 

commercial zone. The commercial space is represented 
by a normal sized room, with an entry straight from 

the street and with an emphasis on the show-window 
(the place of merchandise). In the crowded area of the 

commercial centre, the need to make the most of the 

existing space determined a narrowing of the facade 
and the buildings are I shaped. These buildings had 

only the shop on the ground floor, developed in length, 
from which there was a stair to the upper floor 

dwelling (Mucenic, 1997). 

 
Fig. 1. Location of the study area. 
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The "Inn" fulfilled an important function in the 
commercial development of the city. The Manuc's 

Inn (Hanul lui Manuc), built in 1808 on the location 

of the old kingdom court and the Inn with Linden 
trees (Hanul cu Tei), which was built in 1833 (Potra, 

1981, 1985; Oprea, 1986; Mucenic, 2004) are 
representative for the historic city centre. 

The public administration buildings appeared in 

the beginning of the 19th century; previously, public 
tasks were performed in the royal palace. From an 

architectural point of view, the buildings for 
institutions reflect the mentality of the era, willing to 

embrace the most modern construction techniques. 
A relevant example in this respect is the Palace of 

the National Bank.  

A major modification of the central area is noticed 
after the first systematization of the Dambovita's 

River course (finalized in a first stage in 1833), when 
a series of nearby streets were reorganized and some 

buildings without architectural importance were 

demolished (Potra, 1990; Predescu, 1990; 
Pappasoglu, 2000; Olteanu, 2002). 

According to the Unitary Zoning Plan (PUZ) for 
the Historic Centre of Bucharest Municipality and the 

List of 2004 Historic Monuments, prepared by the 
National Institute of Historic Monuments in 

collaboration with the Ministry of Culture and Cults, 

at the level of the historic core of Lipscani, currently 
there are 131 monuments, 14 architectural 

ensembles and 27 areas of archaeological interest. 
According to the Law no. 422 from 18 July 2001 

regarding the protection of historic monuments, the 

historic monuments are classified into an A Group 
(64 monuments) and a B Group (44 monuments). 

The historic center is very interesting for 
research, due to its importance and influence still 

present in today life, since many tourist and nightlife 

activities take place in the area. The fact that most 
buildings are old (19th and beginning of the 20th 

century) and were not constructed according to 

seismic regulations make the analysis even more 
needed. 

Our attempt is to express the collapse probability 
of all the buildings in this area using new analytical 

methods. Also, the proposed methodology is capable 

of real-time implementation, if actual ground motion 
parameters recorded at seismic stations can be 

automatically integrated. Our intention is to test the 
applicability of the analysis to be used in the future 

for other areas too, showing what the economic 
impact might be. 

 

2.2. Seismic hazard 
The only seismic source that has the capacity of 

generating strong earthquakes with destructive 
effects in Bucharest is the Vrancea Intermediate-

Depth Source, located in the curvature of the 

Carpathians Mountains, at the contact between the 
East-European Plate, the Moesian and Intra-Alpine 

Subplates (Fig. 2). Statistically, 2 or 3 earthquakes 
with moment magnitude greater than 7 occur in this 

area each century. Previous events, such as the 1940 
(Mw 7.7, depth of 150 km) and 1977 (Mw 7.4, depth 

of 94 km) earthquakes, produced significant 

casualties in Bucharest – more than 1700 victims in 
total, more than 8000 injured people and important 

economic losses (Balan et al., 1982). The main 
damage was in the centre of the city, due to the old 

building stock that still poses a threat today; many 

buildings are now exposed not only because they 
were built without following a seismic code, but also 

because they endured several earthquakes (hysteretic 
factors must be taken into consideration). 

 
Fig. 2. Map of the earthquake epicentres (ROMPLUS Catalogue, Jan. 2014), for events with moment 
magnitude ≥ 3. 



 
 

Seismic loss estimates for buildings in Bucharest's historic centre in case of another 1977 Vrancea earthquake 

© 2016 Forum geografic. All rights reserved. 8 

Although it is a known fact that Vrancea 
earthquakes can produce significant damage in 

Bucharest, there are not many studies trying to 

quantify what the risks are. Because each 
earthquake, depending on focus, magnitude and 

rupture plane, shows different local effects for 
similar areas in Bucharest, there is a great difficulty 

in defining a ground motion pattern. It is supposed 

that the non-linear behaviour of clay deposits during 
strong earthquakes may also be considered as a 

main disaster cause (Sokolov et  al.,  2004). Also, 
due to the soil characteristics (thick quaternary 

layers up to 250 m depth), the local site 
amplification is a phenomenon difficult to compute 

and very variable throughout the city. 

Different hazard studies provide for Vrancea 
intermediate depth earthquakes peak ground 

acceleration (PGA) approximated intervals for 
various recurrence periods. The maximum PGA from 

the official P100 Romanian Seismic Code (2013 

version), for a return period of 475 years, is the 0.32 
g value for the entire Bucharest area. 

Although g values are expected to be greater in a 
maximum possible earthquake scenario, for this 

study we chose to use the highest PGA value 
recorded until now at a seismic station in Bucharest: 

0.21098 g, for the 1977 earthquake (Mw 7.4, depth 

94 km, with the epicentre in the Vrancea area, more 
than 150 km away) at INCERC station, 5 km away 

from the study area. By using this value we could 
compare the results with a real situation. 

 

2.3 Analytical loss estimation 
 

The methodology used in this study relies on the 
Improved Displacement Coefficient Method (I-DCM), 

which is also currently used within the Near Real-

Time System for Estimating the Seismic Damage of 
Romania. This method was chosen because it was 

already tested for Romania and a good fit in 
simulations with the actual damage reported in real 

earthquakes has been observed (Erduran et al., 
2012). This method was recently developed as an 

enhancement of the capacity-spectrum methods.  

I-DCM is based on the idea that any building 
(defined as a single degree of freedom system - 

SDOF) is structurally damaged by the spectral 
displacement (and not by the spectral acceleration 

itself). For each building, the inter-story drift is a 

function of the applied lateral force that can be 
analytically determined and transformed into 

building capacity curves, based on yield or ultimate 
points (Erduran et al., 2012). Differently from other 

capacity-spectrum methods (like CSM or MADRS), 
through the I-DCM the displacement demand of the 

equivalent SDOF is modified by multiplying it by a 

series of coefficients in order to generate an 

estimate of the maximum displacement demand of 
the nonlinear oscillator (Molina et al., 2010). 

In order to express the probability distributions of 

the damage, fragility functions (curves) are used, 
based on observed behaviour of the structures in real 

situations or after computer-based analysis (like 
numerically simulated seismic response). Usually, the 

damage is characterized by specific damage states, 

like none, slight, moderate, extensive and complete 
(as in FEMA, 2004). For each building typology, a 

specific damage probability is obtained by plotting on 
the fragility functions the spectral displacement 

coordinates of the target displacement point. 
The specific hazard input (in terms of PGA and 

SA at different periods) is used in generating an 

elastic response spectrum, which can be obtained 
through different regulations of codes like Eurocode 

8 or IBC2006. In order to use this spectrum with I-
DCM, it must be converted into ADRS format. 

All the methodology presented above is 

implemented in the open-source SELENA software 
(SEismic Loss EstimatioN based on a logic tree 

Approach, ©NORSAR Institute), which was used in 
this study. The vulnerability curves, together with the 

positions of each building, were introduced as .txt 
input files. The demand spectrum used in SELENA 

was based on Eurocode8, type 2. There were no 

considerations of the amplification factors, because 
the value used was already recorded at surface, and 

the soil conditions can be considered similar between 
INCERC station and the study area, when following 

the Eurocode 8 soil classification (Bala, 2013).  

Because the present study refers to the losses 
probabilities of individual buildings due to a major 

earthquake, we chose to use as quantitative 
parameter a specific mean damage ratio (MDR), to 

translate the probabilities of each damage state into 

a 0 to 1 form. This MDR is computed as follows:  
 

MDR=(0.08*SD+0.33*MD+0.85*ED+1*CD)/100 
(1) 

where SD = Slight Damage, MD = Medium 
Damage, ED = Extended Damage and CD = 

Complete Damage 

 
The multiplication factors are assigned based on 

the importance of each damage state; some of the 
values are specific to formulas expressing the 

potential economic impact in a specific area of 

interest, allowing direct comparison with other 
regions. Giving that within this study, each building 

has several damage probabilities, we assigned more 
importance to the potentially fatal probabilities. 

 
2.4 Empirical quantitative economic losses 

 

The equation for quantitative loss assessment 
was derived from the general risk formula: 
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Loss= Hazard * Vulnerability * Value of 

elements-at-risk (i.e. buildings)    (2) 

 
In order to calculate the specific loss of the 

exposed buildings, the above formula was modified 
as follows: 

 

Ls = Pt * Ps * Vn * Vb     (3) 
 

in which Pt is the annual temporal probability of 
the major event scenario with the given return 

period; Ps is the spatial probability of the occurrence 
of such an event; Vn is the physical vulnerability, 

specified as the degree of damage to the physical 

environment due to the occurrence of the hazard 
scenario; Vb is the value of the building in Euro. 

The amount of loss can be quantified in different 
ways (Armas et al., 2014, Bostenaru Dan, 2004). In 

this paper, the loss was limited to the physical 

vulnerability of the built environment, determined by 
the PGA of the earthquake event scenario and the 

value of the buildings in the centre of the city. The 
physical vulnerability was specified as the degree of 

damages to a building in case of an earthquake 
scenario similar to the 1977 event. The loss was 

quantified according to the value of the building 

estimated in Euros. This aspect was calculated as 
the annual probability of a major earthquake to 

occur multiplied by the mean damage ratio (MDR) 
and the value of each building. The spatial 

probability of the hazard event was considered as 1, 

because only one significant event was simulated. 
The value of each building was computed from the 

value of a square meter in the central area, 
multiplied by the height and the total floor space of 

each building. The loss analysis was spatially 

assessed using the Ilwis software (ITC, 2001; 
Westen, 2009) and the different correlational 

approaches were made in SPSS software. 
 

2.5 Buildings database characteristics  
For the 358 buildings in the core Lipscani, the 

most common structural types are:  

- buildings of brick masonry structure with 
small bricks arch flooring M3.2 (33% of the total 

number of buildings) 
- buildings of brick masonry structure with 

timber flooring M3.1 (22%)  

- reinforced concrete frame with an irregular 
configuration RC3.2 (23%) 

These three types represent over 77% of the 
total buildings. Table 1 presents the types of 

structures by height range. The investigation of 
buildings from the historical centre was carried out 

by the UTCB (Technical University of Constructions 

Bucharest) team led by Senior Lecturer Al. Aldea in 
frame of the PNII 31005/2007 project – HERA 

Project (website: www.hera.ase.ro), coordinated by 
prof. Armaş (Lungu et al., 2004; Vãcãreanu et al., 

2001; Armaş et al. 2010). 

The buildings from M3.1 category - Masonry 
structures with timber flooring are unreinforced load 

bearing masonry constructions with wooden 
flooring. The flooring between levels and roof 

flooring are made of wooden planks supported by 

timber beams. In general, the seismic vulnerability 
of these structures is controlled by the number, 

dimensions and positions of cavities. Large cavities, 
the small shutters between cavities and corners, the 

small number of interior dividing walls because the 
rooms are spacious contribute to a higher 

vulnerability of the buildings. 

The buildings from M3.2 category - Structures 
with masonry load bearing walls made of 

unreinforced bricks with small bricks arch flooring 
are made of unreinforced bricks with masonry 

arches. The masonry arches download the pressure 

directly on the masonry load bearing walls or 
indirectly through other masonry arches. In the 

majority of cases this structural type is used for 
churches or other buildings for religious purposes. In 

general, the vulnerability is influenced by the 
number, dimension and position of cavities. 

The masonry structures have a medium height 

(56% from the total number of buildings). All old 
buildings were planned and constructed without 

taking into account the seismic activity and are 
classified as 'no-code'. The buildings classified as H 

class (high-code, advanced code) are new buildings, 

or retrofitted buildings in compliance with current 
requirements. 

The RC3.2 Typology - Frames with an irregular 
configuration - have irregular structure, irregular 

fillings, flexible ground floor/floor (Reinforced 

concrete structure with reinforced concrete 
structural walls) became widespread in the 1930s, 

when Bucharest has seen an explosion of multi-
stories reinforced concrete building. This type 

satisfyingly answered the various requirements of 
partitioning and space use. These buildings were not 

designed to bear the lateral stress and in addition 

the quality of materials and workmanship was in 
many cases lower. Most of these high rise buildings 

suffered major damage or were even destroyed 
during the earthquakes of 1940 and 1977. 

In order to perform analysis at building level, a 

specific database was created based on terrain 
survey and statistical or land register data, with 

detailed information to meet the requirements of the 
methods used. The year of the database is 2006. 

The 358 buildings were defined in GIS format, with 
description of the height, age, construction material, 

address or qualitative aspects. This data were useful 

in determining a specific vulnerability curve 
correspondent (capacity and fragility curves), as 

http://www.hera.ase.ro/
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defined in the list of recommended curves for 
Romania, developed within the DACEA Project 

(DAnube Cross-border system for Earthquake Alert) 

by the UTCB and NORSAR Institute and represented 
in Table 1.  

 
Table 1: Structure of the DACEA Project buildings 
database and associated vulnerability curves (48 in 
total) 

 Construction material Material 

Code 

Height 

class 

Construction 

code 

M
A

W
 

Adobe M2 L PC, LC, MC, HC 

Unreinforced masonry bearing 
walls with flexible floors  

M3_1 L PC, LC, MC 

Unreinforced masonry bearing 
walls with flexible floors  

M3_1 M, H PC, LC, MC 

Unreinforced masonry bearing 

walls with rigid floors  
M3_2 L PC, LC, MC 

Unreinforced masonry bearing 

walls with rigid floors  
M3_2 M, H PC, LC, MC 

Reinforced or confined masonry 

bearing walls or retrofitted 
(overall strengthened) masonry 
buildings 

M4 
L, M, 
H 

HC 

Wood structures W L PC, LC, MC, HC 

R
C

 

Concrete shear walls 
RC2 

L, M, 

H 
PC, LC, MC, HC 

Concrete frame with unreinforced 
masonry infill walls 

RC3 
L, M, 
H 

PC, LC, MC, HC 

Precast concrete walls 
RC5 

L, M, 
H 

PC, LC, MC, HC 

 

Height Class 
abbreviations: 

L = Low - 1-2 stories, M = Medium - 3-5 
stories, H = High - 6+ stories 

Code 
abbreviations 

PC = PreCode - older than 1963; LC = LowCode - 
1963-1977; MC = Moderate Code - 1978 – 1991; HC = 
High Code - 1991 - 1999 

 

Although these vulnerability curves involve a 
generalization of many building types and not all of 

them are designed based on local construction 
practices, we think that for the analyzed area – 

which comprises mostly very old buildings which 

doesn’t respect many seismic regulations (many are 
in the PreCode class), the universal difference is not 

at all significant with buildings in other parts of the 
world (especially the Balkan area). The same 

vulnerability curves are also used within the Near 

Real-Time System for Estimating the Seismic 
Damage of Romania, operated by the National 

Institute for Earth Physics (NIEP), and it is believed 
they provide a good fit with the possible losses 

(Erduran et al., 2012). 
Figure 3 and table 2 show the particular 

classification of the buildings within the analyzed 

area. 
 

 
Fig.3. Building classification, according to the 
Material and Construction Code in Table 1 
 
Table 2. Height range of the typologies M and RC in 

the historic centre 

Typology LR MR HR Total 

MAW 27 198 27 252 

RC 8 50 41 99 

Total 35 248 68 351 

 

2. RESULTS AND DISCUSSIONS 

 

The medium probability of a building typology 

(based on construction material) to belong to a 
specific damage class due to its structure is 

presented in Figure 4. 

 
Fig- 4. Probability of damage by buildings type 
(where N=none, S= Slight, M = Medium, E = 
Extensive and C = Complete. Cumulative values = 
100%) 
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The analysis shows that the brick buildings are 
the most vulnerable in the case of a seismic scenario 

similar to the one from 1977. Over 85% of the M3.1 

category is expected to encounter damage, with a 
22.7% probability to be into the S damage class, 

28.3% probability into the M damage class, with 
16% probability into the E damage class and 7.7% 

probability into the C damage class. Over 82% of 

the M3.2 building structures will fit in a percentage 
of 25.9% to damage class S, 28% to damage class 

M, 12.6% to damage class E and 3.9% to damage 
class C. These buildings have a Mean Damage 

(MDR) ratio of 32%, being followed by the buildings 
from M3.2 category and M3.3 with a MDR of 25%. 

The lowest MDR of 9% is attributed to the RC2 

buildings. The application of ANOVA multifactor test 
indicates a close relationship between typology and 

building vulnerability, at a significance level of 0.001 

(R2=87%).  
Figure 5 presents the distribution of the classified 

MDR index. The classes were established based on 
the histogram of the medium and variation in MDR 

distribution on the typologies from the historic 

centre, as follows: 0-0.1 = very low; 0.1-0.15 = low; 
0.15-2 = medium and over 0.2 = high. 

Figure 6 shows the classified image of physical 
loss to the selected earthquake hazard scenario. The 

loss classes were established based on the 
histogram and the interpretation of specific 

indicators of building values (in Euros) distribution. 

 

 
Fig.5. Distribution of the building damage 
probability, using the I-DCM method and the MDR 
classification 

 
Fig. 6. Empirical economic losses (Ls), based on 
the estimated value of each building 

 

 
The modality of loss evaluation in monetary 

terms (Euros) offers a simplified and incorrect image 
of reality, because the calculations did not take into 

account the effective value of the building and its 

content, but only the value of its 'occupied' space. 
Thus, the small low height buildings have a low 

calculated loss, even though they have high 
vulnerability and can be largely affected by an 

earthquake. Therewith, the chosen calculation 

method does not capture if those small buildings are 
architectural works of great value. On the other 

hand, renovated buildings of great value but with 
low vulnerability are represented on the annual loss 

map as a high risk category. That is due to the fact 
that if it were damaged, it would involve high costs, 

despite the fact that their vulnerability is low and the 

probability of damage is reduced. Unfortunately, the 
method omits these differences and requires 

additional adjustments with other methods in a 
complex risk evaluation study. Furthermore, a 

significant improvement in outcome would involve a 

punctual expertise of the monetary value of all 
buildings in the area analyzed. Besides, we are 
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aware that due to its dynamics, the 2014 historic 
centre reality no longer corresponds to that of the 

year 2006, these kinds of analysis requiring regular 

updates and involving high costs for the continuous 
update of the database. 

 

3. CONCLUSIONS 
 

Through the methods we used and the results, 
we showed that seismic loss assessment at building 

scale can be performed, with adequate data; 

however the uncertainties must be always taken into 
account. By definition, risk is a measure of 

probability, not of reality. Therefore beneficiaries of 
the analysis (authorities, emergency units, insurers) 

must understand this aspect accordingly. Analytical 

methods are believed to offer more scientifically 
based assumptions, still they are relatively recent 

development has not allowed yet a proper validation 
with the actual large scale seismic damage. 

The study area can be, as expected, severely 
damaged due to a major earthquake; there are 

certain buildings that will most probably not collapse 

and their inhabitants will be able to offer support 
right after the earthquake. However, the area is far 

from being considered safe (and it is not only the 
consideration of this study), and giving that a lot of 

activities take place here (both diurnal and 

nocturnal), mitigation actions need to be considered 
quickly. One of the key issues is persuading and 

efficiently helping the building owners to retrofit 
their buildings (since most of them cannot be 

demolished due to the historic and architectural 
importance). 

All this leads us to consider these quantitative 

methods as potentially reliable in the loss and risk 
analysis only combined with other types of analysis 

and a continuous field-validation of results. The 
methodology presented is however adequate for the 

preliminary judgment of spatial evidence and for the 

identification of hot spots to be further investigated. 
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Abstract 

The increasing availability of the high spatial resolution satellite 
images has provided a new data source for building extraction. 
This paper proves the concept of object oriented classification 
using high-resolution satellite data (Cartosat-1 satellite data fused 
with IRS-1C, LISS IV data) for automatic building extraction using 
eCognition software. In this study, the overall accuracy of 
classified image is 0.94 and Kappa accuracy is 0.92. The producer 
accuracy for building, vegetation and shadow are 0.9745, 1.0 and 
0.8999, respectively, whereas user accuracy for building, 
vegetation and shadow are 1.0, 0.9475 and 1.0 respectively. The 
classification overall accuracy is based on TTA mask (training and 
test area mask) and it is 0.98 and Kappa accuracy is 0.96. The 
producer accuracy for building, forest and shadow are 1.0, 1.0 
and 0.7344, respectively and user accuracy for building, 
vegetation and shadow are 1.0, 0.9475 and 1.0, respectively.  

Keywords: spatial filter, object oriented fuzzy classification, 

high resolution data, overall accuracy, producer accuracy 

Rezumat. O metodă de extragere a clădirilor orientată 
obiect și clasificare folosind date de înaltă rezoluție 
furnizate de teledetecție 
Disponibilitatea tot mai mare a imaginilor satelitare de înaltă rezoluție 
reprezintă o sursă nouă și importantă pentru extragerea automatăa 
clădirilor. Prezenta lucrare demonstrează conceptul de segmentare şi 
clasificare orientată-obiect, folosind date satelitare de înaltă rezoluţie 
(date Cartosat-1 combinate cu IRS-1C, LISS IV) pentru extragerea 
automată a clădirilor folosind softul eCognition. Acurateţea generală a 
imaginii clasificate este 0,94, iar acurateţea Kappa este 0,92. 
Acurateţea producătorului pentru clădiri, vegetaţie şi umbră este de 
0,9745; 1,0 şi 0,8999, iar valorile utilizatorului pentru aceleaşi 
elemente sunt de 1,0; 0,9475 şi 1,0. Acurateţea generală a clasificării 
este bazată pe masca TTA (suprafaţa de pregătire şi testare) şi este 
de 0,98, iar acurateţea Kappa este de 0,96. Acurateţea producătorului 
pentru clădiri, vegetaţie şi umbră este de 1,0; 1,0 şi respectiv, 0,7344, 
iar valorile utilizatorului pentru aceleaşi elemente sunt de 1,0; 0,9475 
şi, respectiv, 1,0.  

Cuvinte-cheie: filtru spaţial, clasificare fuzzy orientată-obiect, 

date de înaltă rezoluţie, acurateţe generală, acuratețe producător 

 

Introduction 

Building extraction from high-resolution remote 

sensing images has been an important research topic 
for recent decades. The extraction of building 

information from high-resolution imagery has been 
one of the most interesting topics for remote sensing 

and computer vision scientists. Object-based image 

analysis  (OBIA),  or geographic object-based image 
analysis, is an emerging field resulting from new 

earth observation techniques and concepts, and  has 
received  considerable impetus  over  the last decade  

(Blaschke, 2010). In contrast to traditional pixel-

based analysis, OBIA uses regions or segments of an 
image as basic units.  This offers several benefits, 

including reduced spectral variability and more spatial 
and contextual information such as shape and 

topological relationships (Blaschke, 2010).   

In our country, urban areas are rapidly changing 
mainly due to human activities in construction, 

destruction of topographic elements such as buildings 
and roads. These changes in urban environment 

enforce updating of old records, which can help 
planners to have accurate building zones for urban 

planning, maintenance and development (Pandey 

2004). The main problem encountered in building 
extraction approaches is the confusion of the building 

class with other object classes, such as shadows, 
vegetation, and the ground. The detection of a non-

building as a building and mixture of trees and shadows 

are examples of other misclassification problems. These 
misclassification problems, which are attributable to a 

single data set and method, have a negative effect on 
the accuracy of the classification process. For this 

reason, different approaches and methods have been 

proposed to solve the problems caused by the 
complexity of classification process (Uzar, 2014). 

Building detection from high-resolution satellite 
images has attracted great attention in recent years. 

To automate the process and produce reliable, 
precise, and complete data sets, multiple data 

sources and advanced techniques should be used 

(Lee et al. 2003). These methods are mainly based 
on edge detection, line extraction and building 

polygon generation. Several approaches have used 
the building models to facilitate and automate the 

building extraction procedure (Tseng & Wang 2003).     

Most of the recent work on building extraction from 
high-resolution satellite images is based on supervised 

techniques. Either these techniques require a digital 
image processing classification method based on initial 

training data to provide hypotheses for the positions 
and sizes of the candidate building features (ZuWhan 

& Nevatia 1998; Benediktsson et al. 2003), or they use 
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training sets or model databases to classify or match 
the buildings (ZuWhan & Nevatia 1999; Segl & 

Kaufmann 2001). Classification technique is then 

applied into these homogenous regions taking the 
shape, texture and spectral properties of the regions 

(Rizvi and Mohan, 2012). Supervised classification is 
one of the most commonly undertaken analysis of 

remotely sensed data. The output of a supervised 

classification is effectively a thematic map that 
provides a snapshot representation of the spatial 

distribution of a particular theme of interest such as 
land cover. The goal of a supervised image 

classification system is to group images into semantic 
categories giving thus the opportunity of fast and 

accurate image search (Rizvi and Mohan, 2010). 

Automatic building and road extraction algorithm 
can reduce both time and labour to construct and 

update the road spatial database in such applications. 
However, fully automated algorithms to recognize 

them for applications where accuracy is critical are very 

difficult (Jeon et al. 2002, Tupin et al. 2002, Chaudhuri 
et al. 2012 and Teng et al. 2014). Sohn and Dowman 

(2001) extract the polygon of building based on 
Fourier Transform and Binary Space Partitioning tree 

and combined with Building Unit Shape knowledge. 
Stassopoulou (2000) combines multi-scale region 

segmentation based on canny operator with edge 

segmentation to extract regional features (geometry 
shape, radiation characteristic, context information), 

and extracts building features by Bayesian network. 
Remote sensing is of great importance to be used 

in collecting geographical data and huge remote 

sensing images have been rapidly increasing. The 
high-resolution remote sensing images are vital for the 

fields of national defense, disaster relief and so on 
(Bruzzone et al., 2006). The automated or semi-

automated analysis of the satellite images is obstructed 

by the high complexity of such images (Gupta and 
Bhadauria, 2014). The datasets obtained from different 

satellite sensor systems create the opportunity for 
development of methods to extract objects (Baltsavias, 

1999; Tarsha-Kurdi, 2007; Matikainen, 2009; 

Rotteinsteiner et al., 2012). Regarding the data source, 
due to the limitations of using single-source data, the 

integration of multi-sensor data is desired because this 
method preserves the many advantages of the 

involved data sets (Gruen, 2008; Kwak et al., 2012). 

Segmentation of the images is carried out using the 
region-based algorithms such as morphological marker 

based watershed transform by employing the 
advantages of multi-resolution framework and 

multiscale gradient algorithms. Problems and difficulties 
appear when extracting the objects with high local 

variance context and spectral signatures disturbances 

(Lhomme et al. 2004). Thus, the extraction methods 
should be adapted to these new images.  

     Improvement  of  per-pixel  classification  is  
based  on  the introduction  of  semantic  

information.  The main goal is to improve building 

borders delimitation.  The  information  on spatial  
relations  between  the  different  land  cover  types  

can  be used to  improve  per-pixel  classifications.  
Different  methods, more  or  less  complex,  have  

been  recently  developed  (Teffelen et al, 2001, 
Bianchin et al, 2003 ; Van De Voorde et al, 2003). 

The main objective of this paper is the extraction of 

buildings from high-resolution imagery.  
 

Study area 

The study area is a part of the administrative area 

of BHEL (Bharat Heavy Electrical Limited) colony, 
Haridwar, Uttrakhand. BHEL is the largest engineering 

and manufacturing enterprise in India in the energy-
related infrastructure sector today. BHEL was 

established more than 40 years ago, being founded in 

1950s. Location map of the study area is shown in 
Figure 1. 

 

 

Fig. 1: Geographical location of the study area in Haridwar district, Uttrakhand (India) in satellite data 
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Data used and methodology 

In this study, remote sensing & GIS software i.e. 
Erdas Imagine (ver. 10), Definiens Developer (new 

version of eCognition) and ArcGIS (ver. 9.3) were 

used. MS Office was also used for this study for the 
data analysis. The Cartosat-1 and LISS IV satellite data 

were used for this study. Satellite data used in this 
study is georeferenced with UTM-zone 44 projection 

system and WGS-84 datum. A brief description of the 

payload and the other mainframe elements of 
Cartosat-1 are given in the Tables 1 and 2.  

 

Table 1: Orbit specifications of Cartosat-1 
No. Orbit Characteristic Specification 

1 Nominal altitude 617.99 km 

2 Number of orbits per day 15 

3 Orbital repeativity cycle 116 days 

4 Local time for Equatorial crossing 10:30 am 

5 Orbital parameters: 
a) Semi major axis 
b) Eccentricity 
c) Inclination 

 
6996.12 km 
0.001 
97.87 degree 

Table 2: Cartosat-1 payload specification 
No. 

Parameter Name 
Specification Fore 
(+26 deg) and Aft 

(-5 deg) 

1 Spatial resolution: GIFOV 
(across-track × along track) 

2.5 × 2.78 m (Fore); 
2.22 × 2.23 m (Aft) 

2 Spectral resolution: 
a) No. of bands 
b) Bandwidth 

 
1 Panchromatic 
500 nm to 850 nm 

3 Radiometric resolution: 
a) Saturation radiance 
 
b) Quantization 
c) SNR 

55mw/cm*cm/str/ 
micron 
10 bits 
345 at saturation 
radiance 

4 Swath (stereo) 
Fore + Aft combined (mono)  

30 km 
26.855 km 

5 CCD parameters: 
a) No. of detectors / elements 
b) Detector element size 
c) Odd-Even Spacing 

 
12,000 per camera 
7 × 7 microns 
35 microns staggered 

6 Optics: 
a) No. of mirrors 
b) Effective focal length (mm) 
c) F-Number 
d) Field of view (degrees) 

 
3 
1980 
F/4.5 
+/- 1.08 

7 Integration time (ms) 0.336 

8 Nominal B/H ratio for stereo 0.62 

Definiens Developer software mainly works on 

the concepts of object oriented classification and 
also works on the multiresolution segmentation. The 

image is segmented for the classification of different 
urban areas. Classification was done using specific 

sets of rules. In this software, classification is 

conducted by fuzzy logic. The segmentation was 
done at varying resolutions. This image 

segmentation technique is called multiresolution 
segmentation. This segmentation algorithm was 

applied on the image so that the similar kind of 
pixels from groups according to the applied 

homogeneity criteria. Thus based on the 

homogeneity criteria, the objects were formed by 
merging the pixels falling under the criteria.  

The process of automatic feature extraction is 
mainly divided in to three parts: (a) image 

processing, (b) information extraction using spatial 

filtered, (c) information extraction using fuzzy rule 
base classification.  

The Cartosat panchromatic image of the study 
area was fused with the multispectral images with the 

help of Brovey transformation and nearest 

neighbourhood method. Details of methodology for 
automatic features extraction is given in the Figure 2. 

Two processes are used for automatic feature 
extraction in the study area: (a) spatial filtering and 

(b) object oriented fuzzy classification. 

Fused Image 
| 

Multiresolurion segmentation 
| 

Classification based on segmentation 
| 

Automatic extraction of buildings 
| 

Export the buildings features 
| 

Accuracy assessment 

Fig. 2: Flow chart of automatic feature extraction  

Spatial filtering refers to the altering of spatial or 
spectral features for image enhancement. 

Convolution filtering is the process of averaging 

small sets of pixels across an image. Convolution 
filtering to used to change the spatial frequency 

characteristics of an image (Jensen 1996). 
The fused image is filtered using the different 

high pass filters like Kirsch, Laplace, Prewitt, Sobel, 
Canny filtered images (Fig. 3 a-e). These filters are 

used for detection of the edges, but were not found 

appropriate for the study area; hence this method is 
discarded and another approach is used which is 

suitable for detection of edge. 
Multiresolution segmentation is a new procedure 

for image object extraction. It allows the 

segmentation of an image into a network of 
homogeneous image regions at any chosen 

resolution (Pandey 2004; Dell’Acqua & Gamba 
2007). These image objects primitives represent 

image information in an abstracted form, serving as 
building blocks and information carriers for 

subsequent classification. Beyond purely spectral 

information, image objects contain a lot of additional 
attributes, which can be used for classification: 

shape, texture and operating over the network a 
whole set of relational/contextual information.  
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Fig. 3 (a-e): Filtered images (Kirsch, Laplace, Prewitt, Sobel, Canny filtered images) 

Results and discussion 

Multiresolution segmentation 
In this study, fused image of Cartosat-1 was 

segmented using Definiens Developer. In context of 
the building extraction, segmentation is carried out to 

adjust scale parameter, shape factor and 

compactness. These parameters should be adjusted 
so that the process gives the homogeneous region 

with defined boundary of the object of interest. Once 
these parameters ratios are adjusted into 

homogeneous pattern, different rules can be 

implemented using fuzzy rule base for feature 
extraction. 

Table 3 shows the parameters used for 
segmentation. By using scale parameter 17 and 

homogeneity criterion (Shape factor 0.2, 
Compactness 0.4), 660 no. of object were identified 

and similarly by taking scale parameter 30, shape 
factor 0.2, compactness 0.5, 460 no. of object were 

identified and when scale parameter 40 was used, 

shape factor was 0.3, compactness was 0.5, then 
102 no. of object were identified. Process of 

segmentation by scale parameters 17, 30 and 40 are 
given in the Figures 4, 5, 6 respectively. 

 

Table 3: Parameters used for segmentation 
Scale parameter 17 30 40 

Homogeneity 
criterion 

Shape factor 0.2 0.2 0.3 

Compactness 0.4 0.5 0.5 

No. of objects 660 460 102 
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By taking scale parameter 17 and homogeneity 
criteria (shape factor 0.2, compactness 0.5), the 

objects are lying inside building area in segmented 

image. This shows that these parameters are better 
for building extractions (Fig. 4).  

There are different parameters used for deciding 
the homogeneity criteria for the image 

segmentation. Multiresolution segmentation was 

done at different scale parameters. The scale 
parameters determine the size of the objects formed 

during segmentation. 
 

 

Fig. 4: Result of segmented image by scale parameter 17 
 

 

Fig. 5: Result of segmented image by scale parameter 30 

By taking scale parameter 30 and shape factor 

0.2, compactness 0.5, the objects of interest are 
lying outside the building area boundary. By which it 

can be analysed that this parameters is not very 

much suitable for building extraction. 
 

 
Fig. 6: Result of segmented image by scale parameter 40 

By taking scale parameter 40, shape factor 0.3, 
compactness 0.5, the objects are lying outside of area 

of interest. This scale parameter is very helpful for 
extraction of big object like large building (Fig. 6). 

Throughout the image segmentation, the whole 
image is segmented and image objects are generated 

based on several adjustable criteria of heterogeneity in 
shape. By modifying the value of the scale parameter, 

the size of the resulting image objects varies. A high 
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scale parameter result in large objects and vice-versa. 
After segmentation, the image is classified based on 

object–oriented approach. This process of classification 

of objects has been done using an export knowledge 
base, which is inbuilt function of Definiens Developer. 

The fuzzy classification method takes into account that 
there are pixels of mixed makeup, that is, pixels cannot 

be definitively assigned to one category. “Clearly, there 

is a real need to be a way to make the classification 
algorithms more sensitive to the imprecise (fuzzy) 

nature of the real world” (Jensen 1996). Fuzzy 
classification works using a membership function, 

where in a pixel value it is determined by whether it is 
closer to one class than to another. A fuzzy 

classification does not have definite boundaries, and 

each pixel can belong to several different classes 
(Jensen 1996). 

Corresponding to the rule and the knowledge, 
the membership values and multiresolution fuzzy 

curves were defined. Different curves describe how 

the membership value for a specific expression is 
assigned and calculated for a certain feature values 

of image objects.  
 

Accuracy measurement 
Quantitative assessment is calculated on the area 

accuracy bases. It defines the accuracy in extraction in 

the area, the difference in reference and extracted data. 
Area accuracy = Area extracted (sq. m) / Area 

extracted (sq. m) × 100 
 

Table 4: Number of buildings and difference error 

No. of building Difference error (%) 

1 1.09 

2 0.10 

3 -3.86 

4 6.89 

5 14.90 

6 -2.40 

7 7.71 

8 13.86 

9 12.7 

10 14.20 

11 7.08 

12 -5.27 

13 -3.23 

14 -12.25 

Number of building and percentage of difference 

error is shown in Table 4. The maximum difference 
error, 14.90%, corresponds to no. of building 5, 

followed by no. of building 10 with 14.20% 
difference errors. No. of building 3, 6, 12, 13, 14 

show percentage difference error in negative trend, 
in which no. of building 14 shows minimum -12.25% 

difference error. 
 

Classified Image Output 
After performing the classification process, the 

classified image has been developed (Fig. 7). When 

export the building from classified image, only the 
feature of interest i.e. buildings were generated. 

Overall accuracy of classified image is 0.94 and 
Kappa accuracy is 0.92. The produced accuracy for 

building, vegetation and shadow are 0.9745, 1.0 and 

0.8999 respectively. 

 
 

 

 

Fig. 7: Classified image after fuzzy classification and its accuracy 

Overall classification accuracy based on TTA 

mask (training and test area mask) is calculated. 

Classification overall accuracy is 0.98 and Kappa 
accuracy is 0.96. The producer accuracy for building, 

vegetation and shadow are 1.0, 1.0 and 0.7344 

respectively and user accuracy for building, forest 

and shadow are 1.0, 0.9475 and 1.0 respectively. 
 

 

Conclusion 

    In this  study, an approach was developed to  
extract the buildings from  high resolution  satellite  

images  with  the  use  of  image  classification.  

The steps followed in this study gave satisfactory 
result when compared to the original digitized vector 

layer. But the clear edges of the buildings are not 

extracted; it coincides with the original image. So 
that it can also be considered as the urban 

buildings. The feature extracted using the methods, 



 
 

An object based building extraction method and classification using high resolution remote sensing data 

© 2016 Forum geografic. All rights reserved. 20 

which are not matching, can also be considered 
because they are at location and it can be 

considered as the footprints of the buildings. The 

edges of the building are extracted using the 
different high pass spatial filter but edges are not 

very sharp. So these images are to be thinned using 
some thinning algorithms. Using automatic 

extraction techniques, there is a scope on the 

thinning of the edges of urban buildings extracted. 
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Abstract 

In order to evaluate the potential usage of high-accuracy climatic 
data measured continuously in the frame of newly developed 
renewable energy facilities in Romania for real-time local scale 
monitoring of climatic parameters, we used 2 years (May 2009 – 
May 2011) of in-situ climatic datasets measured at 7 met masts 
locations in Tulcea County. Realization of detailed thematic 
climatic maps afforded a more focused view of the spatial 
distribution and of the local patterns for air temperature, relative 
humidity and pressure, wind speed, direction and energy in the 
frame of the study site. On the basis of these preliminary results, 
we emphasize the great potential of similar in-situ real-time 
measured data to be integrated in the future, together with the 
data provided by meteorological stations, into complex databases. 
Their usefulness emerges from their capabilities of being 
integrated in specialized web-GIS platforms for real-time or near-
real-time monitoring of small spatial scale climatic parameters and 
of contributing to climatic models calibration, weather forecasting, 
feeding early warning systems for local climatic hazards or to 
rapid small spatial scale assessment of air pollutants dispersal 
following different scenarios of wind speed and direction. Further 
research and initiatives are necessary in the near future for the 
creation and implementation of these databases in order to 
become operational. 

Keywords: Renewable energy, real-time monitoring, climatic 

maps, climatic databases, local conditions. 

Rezumat. Potențialul de utilizare a datelor 
catargelor meteorologice pentru monitorizarea 
parametrilor climatici în județul Tulcea, România. 
În vederea evaluării potențialului de utilizare a datelor climatice de 
mare acuratețe, măsurate în mod continuu în cadrul noilor parcuri de 
energii regenerabile din România, pentru monitorizarea în timp real, la 
scară locală, a parametrilor climatici, am folosit 2 ani (Mai 2009 – Mai 
2011) de date climatice măsurate in-situ cu ajutorul a 7 catarge 
meteorologice amplasate în județul Tulcea. Realizarea unor hărți 
climatice tematice detaliate ne-a permis o privire mai atentă asupra 
distribuției spațiale și a paternurilor locale ale temperaturii, umidității 
relative și presiunii aerului, precum și ale vitezei, direcției și energiei 
vântului în cadrul ariei de studiu. Pe baza acestor rezultate 
preliminare, scoatem în evidență potențialul mare al datelor similare, 
măsurate in-situ în timp real, de a fi integrate în viitor, alături de 
datele furnizate de stațiile meteorologice, în baze de date complexe. 
Utilitatea lor reiese din capacitatea acestor baze de date de a fi 
integrate în platforme web-GIS specializate pentru monitorizarea în 
timp real a parametrilor climatici locali și de a contribui la calibrarea 
modelelor climatice, la prognoze, în cadrul sistemelor de avertizare 
pentru hazarduri climatice sau pentru evaluarea rapidă, la scară 
locală, a dispersiei poluanților atmosferici în diferite scenarii de viteză 
și direcție a vântului. În vederea operaționalizării lor, sunt necesare 
însă, în viitorul apropiat, mai multe studii științifice și inițiative concrete 
pentru crearea și implementarea acestor baze de date. 

Cuvinte-cheie: Energie regenerabilă, monitorizare în timp-
real, hărți climatice, baze de date climatice, condiții locale. 

 

Introduction 

The proper real-time evaluation of the local 
climatic conditions (air temperature, pressure and 

humidity, solar radiation, wind speed and direction 
at different levels above ground level) from a 

specific area allows real-time air quality monitoring, 

better understanding of pollutants spreading in the 
different layers of the lower atmosphere (direction, 

magnitude and location of air pollutants plumes) and 
rapid and optimal response regarding integrated and 

durable management of the environmental factors 
from a specific region. 

Romania is an emerging country regarding the 

development of renewable energy capacities, 
especially wind energy, solar energy and 

hydropower. Wind power has established itself as a 
mainstream source of electricity generation and 

plays a central role in the immediate and longer 

term energy plans. From this point of view, Romania 
is one of the twenty-four countries worldwide with 

more than 1.000 MW of installed wind capacity 
(Wind energy and other renewable energy sources 

in Romania, 2014), having the highest wind energy 
potential in the South-East Europe and the second 

one in Europe, with a predicted total installed 

capacity of 14.000 MWh (Mihailescu, 2009).  
In this context, in the last years, in accordance 

with the EU community regulations regarding the 
increase of renewable energy sources share in the 

total energy consumption (Colesca and Ciocoiu, 
2013), hundreds met masts were installed and 

approximately 60 wind farms (with an average 

power of 50 MW) were developed in different 
regions of Romania, especially in Dobrogea and 

Southern Moldavia (Wind energy and other 
renewable energy sources in Romania, 2014). These 

masts are equipped primarily with wind sensors 

(anemometers and wind vanes) for wind speed and 
direction measurements and, secondary, with air 

temperature, pressure and humidity sensors. 
Moreover, in the frame of the numerous 

photovoltaic parks, solar radiation is also measured. 
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These data have high accuracy as they are 
measured using professional instruments installed in 

open exposed areas, with no obstacles or other 

interferences. All these data are continuously 
measured and logged by each developer and can be 

used for other purposes like local air quality 
monitoring, calibration of climatic models at local 

scale etc. Furthermore, keeping in mind the 

relatively scarce territorial coverage of the 
meteorological stations operated by Romanian 

Administration of Meteorology (ANM) and the poor 
quality of the data provided by some of these 

stations, issued from their faulty location, the data 
measured in different types of renewable energy 

facilities (wind farms or photovoltaic power stations) 

should be considered not an alternative to the 
meteo stations data, but an add-in to them.  

Our goal is to demonstrate the huge potential of 
the datasets registered by met masts to be 

integrated, together with the meteo stations data, in 

larger databases which can be, for example, further 
integrated in complex web-GIS platforms in order to 

provide a real-time or near-real-time monitoring of 
the climatic parameters across extensive regions 

from Romania. In this purpose, we are using climatic 
data measured during 2009 -2011 period, provided 

by 7 masts installed in Tulcea County, for the 

monitoring of climatic parameters (air temperature, 
pressure and humidity, solar radiation, wind speed, 

direction and energy).    

Study area 

Tulcea County is located in south-eastern Romania, 
in the northern part of Dobrogea region (Figure 1). It 

has a surface area of 8500 km2, covering the Northern 

Dobrogea Plateau, the Romanian Danube Delta and 
part of the Black Sea coast. The relief has altitudes 

between 0 m and 467 m (Monograph of Tulcea, 1980). 
From the climatic point of view, Tulcea County is 

located in a transitional area between the Eastern 

Europe continental climate and the Balkan Peninsula 
pre-Mediterranean temperate climate. These particular 

climatic characteristics are represented by the 
interference of excessive continental climate, sub-

Mediterranean climate and Black Sea influence along 
the coast: high temperature amplitudes (66.3°C), low 

precipitation values (below 400 mm), hot and dry 

summers and cold winters with strong winds (Climate 
of Romania, 2008). In the Danube Delta, the 

temperature variations are moderate, air humidity is 
higher and precipitation values are lower. The coastal 

area has a milder climate with lower summer and 

higher winter temperatures.    
The mean annual temperatures are varying 

between 9°C in the higher plateaus and 11.1°C in 
Danube Delta (Isaccea) and along the coast (Sulina). 

Precipitations are variable and approximately 55% are 
registered in the warm season. The mean annual 

precipitations are comprised between 325 mm at 

Sulina and 455 mm at Isaccea (Climate of Romania, 
2008).  

 

Fig. 1 Tulcea County limits (green line) and the locations of the met masts (pink balloons) and 

of the meteorological stations (green balloons). 
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The wind regime is influenced by the development 

of different types of pressure systems passing the 
study area (Mediterranean cyclones with trans-Balkans 

trajectories - Vespremeanu-Stroe and Tătui, 2011) and 
the relief configuration. The highest frequencies are 

registered by NE (18.3%), NW (17.1%), E (15.2%) 

and N (13%) winds, with mean annual speeds up to 
5.3 m/s (Climate of Romania, 2008). From this point of 

view, Tulcea County has a high wind energy potential, 
issued from the multi-annual mean wind speeds 

measured at 10 m height of 4 – 6 m/s (Vespremeanu-

Stroe et al., 2012).  

Data & Methods 

In order to monitor climatic parameters 

distribution in Tulcea County, we used in situ 
measurements during 24 months (May 2009 – May 

2011) from seven meteorological masts, with total 
heights of 60 and 80 m (Table 1), and from three 

meteorological stations (Tulcea, Sulina and Sf. 

Gheorghe) – Figure 1. The seven masts are part of a 
complex short/medium-term measuring/monitoring 

system of climatic parameters in Tulcea County used 

for real-time management of environmental factors 

in this area. For a good spatial distribution, the 
meteorological masts were relatively evenly spread 

across the county area, being installed in open farm 
land, in the proximity of seven villages: Isaccea, I.C. 

Brătianu, Nalbant, Beştepe, Sarighiol de Deal, 

Topolog and Jurilovca (Figure 1, Table 1).  
In order to measure air temperature, humidity 

and pressure, wind speed and direction and solar 
radiation, each mast was equipped with the 

following Ammonit instruments: one Hygro-thermal 

sensor (10 m height), one Barometric Pressure 
Sensor AB60 (10 m height), 3 Thies anemometer 

first class (80/60m, 78.5/58.5m and 62/40m height), 
2 Thies wind vane compact (78.5/60m and 62/40 m 

height) and one Pyranometer CMP3 (10 m height). 
Measured data have been registered with Ammonit 

Meteo-32 data logger with a sampling rate of 1 Hz 

as 10 min. averages for all the climatic parameters 
and transmitted via GSM/GPRS system.  

The data transfer, configuration and monitoring 
were done using Ammonit CALLaLOG software. 

Table 1: Location and characteristics of measuring masts. 

Site Location 
Height a.s.l. 

(m) 
Tower Height (m) 

Isaccea 
N45° 15' 03.0" 

E028° 28' 18.5" 
56 60 

I.C. Brătianu 
N45° 23' 74.8" 

E028° 04' 26.7" 
7 60 

Nalbant 
N45° 02' 34.8" 
E028° 34' 82.1" 

143 80 

Beştepe 
N45° 05' 33.2" 

E029° 00' 13.8" 
64 60 

Sarighiol de 

Deal 

N44° 42' 63.8" 

E028° 30' 20.4" 
275 80 

Topolog 
N44° 54' 49.9" 
E028° 21' 82.2" 

336 60 

Jurilovca 
N44° 46' 92.6" 

E028° 52' 29.8" 
82 60 

 
The measured climatic data from each location 

formed an individual dataset which was further 

integrated in a complex database for the entire 
study area. These data were the input for the 

analysis and mapping of each climatic parameter 
distribution across the county area. The thematic 

maps were realized using either simple interpolation 

techniques in GIS software (for air temperature, 
pressure and humidity), or specialized wind energy 

assessment software (for wind speed, direction and 
energy) like WindPro 2.7 (Nielsen and Chun, 2000) 

and WAsP 9.0 (Petersen et al., 1981, 1998; Nielsen 
and Chun, 1994). Due to some technical problems of 

installed pyranometers, which resulted in important 

gaps in the datasets, we decided not to include solar 

radiation analysis in this study. The calculation of 

the wind conditions across the study area 
considered the influence of terrain roughness, 

obstacles and orography on the wind conditions at 
defined points of reference according to the method 

of WINDATLAS (Troen and Petersen, 1988), using 

similar methodology as described in Tătui, 2014. 
This physical method allows for the transfer of 

measured wind speeds from a certain measuring 
point to another site or even a whole region. Hence, 

wind data from a meteorological station or a 
measuring mast with its characteristic terrain 
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conditions (obstacles, roughness and orography) are 
transformed into regional wind climatology. 

Results & Discussion 

This section presents the distribution of 

measured climatic parameters (air temperature, 
relative humidity and pressure, wind speed, 

direction and energy) for 2 years over the study 
area, emphasizing the high accuracy of 

measurement results and their good potential for 

regional climate monitoring. Real-time values of 
similar measurements, integrated in larger datasets, 

could fill-in the gaps in the distribution of 
meteorological stations over Romanian territory and 

lead to proper assessment of local climatic 
conditions, air quality or location, movement and 

spreading of air pollutants plumes. 

Air temperature, relative humidity and 
pressure distribution 

Multi-annual average air temperature distribution 
over the study area is relatively uniform, with small 

differences between different regions of Tulcea 
County. The analysis of 50 years (1961 – 2003) of 

data measured at Tulcea and Sulina meteorological 

stations (Table 2) shows small differences of these 
values: 10.8°C for Tulcea station and 11.1°C for 

Sulina meteo station. The multi-annual monthly 
averages throw out into relief more continental 

conditions in the eastern and central parts of the 

county and milder conditions in the western part (as 
a result of the Black Sea proximity and the presence 

of vast aquatic areas in the Danube Delta), pointed 
out by smaller amplitudes and higher air 

temperature values in both warm and cold seasons 
registered at Sulina meteo station (Table 2).  

Table 2: Multi-annual monthly air temperature averaged for 1961 – 2003 period (All values are 
expressed in °C). 

Station 
Month 

Average Amplitude 
I II III IV V VI VII VIII IX X XI XII 

Tulcea -1.8 -0.2 4.2 10.3 16.2 19.9 22.2 21.1 17.4 12.6 6.2 1.8 10.8 24.0 

Sulina -0.7 -0.2 4.1 9.6 15.8 20.1 22.5 21.8 17.9 12.7 6.8 2.1 11.1 22.8 

 

The relative uniformity of air temperature 

distribution discussed above is not so obvious when 
analyzing 2 years of data (May 2009 – May 2011) 

measured by the 7 met masts (Figure 2). We can 
observe higher air temperature values than the 

multi-annual averages, with differences of more 

than 1°C between the eastern and south-western 

parts of the study area (from 12.5°C to 11°C, 
respectively). Good dispersal of met masts over 

county area affords a more focused view of air 
temperature distribution and permits local scale 

analysis of this distribution. 

 

Fig. 2 Air temperature distribution over Tulcea County area (May 2009 – May 2011).
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The analysis of the 2-years air relative humidity 
distribution over the study area (Figure 3) points out 

the influence of the Black Sea and the Danube Delta 

aquatic areas on this parameter. The coastal area is 
characterized by the highest values of air relative 

humidity (more than 80%), followed by the Danube 
Delta, with approximately 75% on average. The 

lowest values are registered in the southern and 

western parts of the county, decreasing down to 
70%. 

 

Fig. 3 Air relative humidity distribution over Tulcea County area (May 2009 – May 2011). 
 

Air pressure distribution over the study area 

(Figure 4) shows distinct patterns between the 
eastern and western halves of Tulcea County. The 

eastern part, superposed on Danube Delta and 

coastal areas, registers air pressure values higher 
than 1000 hPa, while the western part, dominated 

by hilly landscapes with higher altitudes, has lower 

values down to 976 hPa. The real-time local scale 
monitoring of air pressure distribution could provide 

important information regarding atmospheric 

pressure systems pathways and help improving 
forecasting capabilities at smaller spatial scales. 

 

Fig. 4 Air pressure distribution over Tulcea County area (May 2009 – May 2011). 
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Wind speed, direction and energy 
distribution 

The Mediterranean cyclones, which follow 
different tracks over the Pontic region (Black Sea, 

trans-Balkans), make up over 80% of storm cases 
on the Romanian coast (Maheras et al., 2009). Their 

development and movement on different trajectories 

influence the wind speed and direction 
characteristics over extensive areas (Vespremeanu-

Stroe and Tătui, 2011), including Dobrogea region 
(Tulcea County, implicitly). 

The distribution of the mean wind speeds 

measured at 80 m height at met masts locations 
was obtained by specific operations using the 

professional wind energy software WindPro and is 

presented in Figure 5. The average wind speed 
measured during the analyzed 24 months (May 2009 

– May 2011) over the study area decreases from 7.5 
– 7.9 m/s, along the coast and in the Danube Delta, 

to 7.0 – 7.5 m/s, on the hills surrounding the 

Danube Delta and to 6.0 – 7.0 m/s over extensive 
areas of Tulcea County. The highest average wind 

speeds are observed in the northern directions (from 
NW to NE) and the lowest values come along with 

the western winds. 

 

Fig. 5 Mean wind speed distribution at 80 m height over Tulcea County area  

(May 2009 – May 2011). 
 

The frequency of wind direction at 80 m height 

(Figure 6) shows different situations over the study 
area. The prevalent winds are coming from northern 

directions in the areas close to the Danube Delta 
(Beștepe, Jurilovca and Sarighiol de Deal masts), 

with a second maximum from the southern (Beștepe 
mast) or western (Sarighiol de Deal mast) directions. 

The other mast locations show no significant 

prevalence of any wind direction, the frequency 
roses being relatively evenly represented on all 

directions. This tiled distribution is related to the 

topographic conditions specific to each met mast 

location, which influence wind flows in each area. 
The mean wind energy distribution at 80 m 

height over the study area (Figure 7) follows the 
same patterns as mean wind speed distribution 

(Figure 5). The highest values are registered in 
Danube Delta and along the coast (above 400 

W/m2) and the lowest ones are registered in the 

central parts of the county (under 200 W/m2). The 
largest areas of the county register mean wind 

energy values between 200 and 400 W/m2.  
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Fig. 6 Mean wind speed frequency distribution at 80 m height over Tulcea County area (May 
2009 – May 2011) for selected met masts. Please notice the masts locations in Figure 1. 

 

Fig. 7 Mean wind energy distribution at 80 m height over Tulcea County area  
(May 2009 – May 2011). 

 

They can be considered usable areas for wind 

energy projects development as they are not part of 
Danube Delta Biosphere Reserve or any other 

environmental protected areas. From this point of 

view, analyzing Figures 5 and 7, we can conclude 
that the study site has a very good wind energy 
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potential, proved by high averaged wind speeds 
(more than 6.5 m/s at 80 m height) and energy 

(more than 300 W/m2 at 80 m height) registered 

over extensive usable areas of the county. 
Utilizing real-time wind speed and direction data 

measured at different levels above ground level 
using meteorological masts in the frame of the wind 

farms offers us valuable information regarding wind 

speed vertical profile, wind turbulence, vertical 
distribution of sea breeze influence (in coastal areas) 

etc. More practical applications of these data are 
related to the rapid small spatial scale assessment of 

air pollutants dispersal following different scenarios 
of wind speed and direction. 

Conclusions 

The present article emphasizes the great 
potential of climatic data measured continuously in 

the frame of newly developed wind farms and 
photovoltaic parks in Romania for real-time small 

spatial scale monitoring of climatic parameters with 

different purposes ranging from air pollutants 
dispersal assessment to weather forecast and 

meteorological warnings. In this context, we 
presented as study case Tulcea County, utilizing 

measured climatic datasets for 2 years at 7 met 

masts locations. Our results clearly show highly 
suitability of utilizing in-situ measured data for 

realizing thematic maps regarding the spatial 
distribution of climatic parameters like air 

temperature, relative humidity and pressure, wind 
speed, direction and energy. Good dispersal of met 

masts over county area afforded a more focused 

view of their distribution and permitted local scale 
analysis of their patterns.  

Taking into consideration the relatively scarce 
coverage of the meteorological stations over the 

Romanian territory and the faulty location of some 

of these stations, the in-situ real-time measured 
data like the ones presented in this article can be 

integrated in the future, together with the data 
provided by ANM, into complex databases. These 

databases can be the input for specialized 

professional web-GIS platforms (for example) 
capable of real-time or near-real-time monitoring of 

small spatial scale climatic parameters from a certain 
region, can contribute to climatic models calibration, 

can help feeding early warning systems for local 
climatic hazards etc. In order to achieve these goals, 

the future challenges will be to find the legal 

framework to integrate all these data, to convince 
the owners of wind and solar farms to provide freely 

these data and to develop suitable algorithms and 
platforms for integrating, analyzing and 

broadcasting the data in real-time or near-real-time 

for different categories of utilizers: local and regional 
authorities, scientists, open public.  
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Abstract 

As a living environment or biotope of the human species, 
urban structures must meet not only the economic, social and 
political rights of the people, but also their biological and 
neurophysiologic requirements. A new scientific approach to 
urban planning is biourbanism or organic urbanism, which 
considers the urban environment as being a hyper-complex 
living thing. From the scientific point of view, this approach 
opens the way to new scenarios for urban planning research. 
The aim of the study is to promote this modern concept of 
urban planning for Bucharest City in the context of its climate 
vulnerability. The objectives of our investigation are the 
following: analyzing the dynamic of climate conditions of the 
city, highlighting the weather risks for the population and 
devising scenarios for implementing the concept in Bucharest. 
The research methodology focused on the following: the 
discussion of conceptual framework based on specialty 
literature, the calculation of bioclimatic indices in order to 
assess the city’s vulnerability to climate conditions and the 
presentation of "biourban" improvement models applicable to 
urban fabric samples. The study reveals the vulnerability of 
Bucharest City in relation to the specific risks associated to the 
weather phenomena of the summer season (high temperatures 
and moisture deficit), as argument in favour of preparing 
implementation scenarios for biourbanism ideas. 

Keywords:  city’s climate vulnerability, mitigating effect, urban 

planning, biourbanism, Bucharest   

Rezumat. Biourbanismul -o soluție pentru 
ameliorarea climatului urban. Studiu de caz: 
Municipiul București. 
 Ca mediu de viață sau biotop al speciei umane, structurile urbane 
trebuie să răspundă atât nevoilor economice, sociale și politice ale 
oamenilor, cât și nevoilor biologice și neuropsihologice ale acestora. În 
acest sens, o nouă abordare științifică a planificării urbane o reprezintă 
biourbanismul sau urbanismul organic, care consideră mediul urban ca 
un organism viu, hiper-complex. Particularitățile potențialului climatic 
și topoclimatic al municipiului București, densitatea populației, a 
construcțiilor, a mijloacelor de transport motorizate și ponderea 
redusă a suprafețelor oxigenate verzi și acvatice, înscriu capitala 
României în categoria orașelor care reclamă o nouă abordare a 
planificării urbane, respectiv biourbanismul sau urbanismul organic. 
Scopul studiului îl reprezintă promovarea argumentată a acestui 
concept modern de planificare a mediului urban bucureștean, în 
contextul tendințelor climatice marcate de creșterea frecvenței 
fenomenelor meteorologice de risc (secete prelungite, temperatura 
estivale ridicate, vijelii etc.). Obiectivele studiului sunt: analiza 
contextului climatic al orașului; evidențierea fenomenelor de risc 
pentru populație și elaborarea unor scenarii de implementare a 
conceptului în București. Metodologia de cercetare s-a axat pe: discuții 
asupra cadrului conceptual, pe baza consultării literaturii de 
specialitate,calcularea indicilor bioclimatici în scopul evaluării 
vulnerabilității climatice a orașului și prezentarea unor scenarii 
biourbanistice pe eșantioane de țesut urban. Studiul relevă 
vulnerabilitatea capitalei în raport cu riscurile asociate fenomenelor 
climatice din sezonul cald (temperaturi ridicate și deficit de umiditate), 
ca argument în favoarea implementării biourbanismului sau 
urbanismului organic. 

Cuvinte-cheie: vulnerabilitatea climatică a orașului, efect de 

atenuare, planificare urbană, București 

 

Introduction 

The present environment of the big cities is 
confronted with many urban planning problems 

generated by a number of factors like climate 

changes, the increase of urban population, and the 
growth of its living, transportation and recreation 

demands, which have a direct impact on the quality 
of environment and the life of the citizens. Under 

the circumstances, efforts are being made at 

international level in order to design and promote 

new urban development models, ecologically 
protective, but also sustainable from the economic 

point of view, meant to bring nature closer to the 

people even in the most artificialized settlements, as 
is the case of the capital of Romania.  

The urban planning models promoted until 
recently started from assessments based on 

obsolete scientific theories that regarded the cities 

and their features as separate and disconnected 
parts. But the cities are complex systems and their 

economic and social components, as well as their 
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infrastructure, are strongly correlated. Addressing 
them separately leads to inefficient policy, which 

most oftenrings about unfortunate, and sometimes 

disastrous, consequences (Caperna, 2011).  
As a living environment and biotope of human 

species, the urban structures must meet not only 
the economic, social and political demands of the 

people, but also their organic, biological and 

neurophysiological ones (Caperna, 2011). This is the 
framework that includes all the new urban planning 

concepts of the 21st century: sustainable urban 
planning, eco urban design, green urbanism, smart 

city, biophilic city, biourbanism, organic urbanism.  
Sustainable urbanism serves as a fundamental 

tool for improving the quality of life in the urban 

environment through the medium of green 
architecture (Emir, 2011). 

Green urbanism is a form of making the urban 
communities beneficial both for the people and for 

the environment by minimizing the consumption of 

materials and energy (Beatley, 2000). 
In the smart city, the investments made in socio-

human capital, the urban infrastructure, and the 
rational management of natural resources, 

encourage a sustainable economic development and 
promote a high quality of living by participatory 

actions and the commitment of community members 

(Caragliu et al., 2009;Păceşilă&Colesca, 2007). 
Biophilia describes the bond between humans 

and nature. Biophilic cities include abundant natural 
elements and their policy is oriented towards nature 

protection, conservation and restoring (Wilson, 

1984). The biophilic cities start from the premise 
that nature is indispensable for a healthy, happy and 

meaningful life. For this reason, they integrate 
nature in the urban design.  

The concepts of biourbanism and organic 

urbanism are the most recent; they convey the idea 
of a friendly and healthy urban environment, where 

nature and city meet, in an effort to restore the lost 
values and the former balance of the urban 

ecosystem (Tracada&Caperna, 2012). 
It is worth mentioning that in the urban planning 

field the concepts of biourbanism and organic 

urbanism are less known and therefore less used.  
Biourbanism means more than expansion of 

green areas and use of renewable energy. It 
considers that architecture is inextricably linked with 

biology (Tracada&Caperna, 2012). From the 

scientific standpoint, this concept opens the way for 
new research scenarios in the field of urban design.  

The aim of biourbanism is to create a living city 
through adapting the ecosystem to the human 

needs by optimizing the interaction between the 
cultural and physical factors. Although this concept 

may point to a “Gaudi” planning style, inspired by 

the nature patterns, its real aim is to identify the 
way in which the natural elements can be connected 

to the human needs (Salingaros, 2010; 
Tracada&Caperna, 2013). 

Biourbanism admits the “optimum forms” defined 

at different scales (from the purely psychological to 
the ecological ones), which, through the medium of 

morphogenetic processes, ensure the systemic 
efficiency regarding the quality of living. A project 

that fails to obey these laws will give rise to artificial 

and hostile environments, which negatively impact 
the life of the citizens. One of biourbanism’s 

objectives is to bring its scientific contribution to the 
identification and updating of environmental 

progress according to the natural needs of the 
people and the ecosystem they live in (Caperna et 

al., 2013). 

In Romania, the concept is rather new, which 
motivated us to approach this issue. At international 

level, however, we were able to find similar 
approaches with the present study, pleading in 

favour of implementing sustainable urbanism 

models, focused on the climate conditions of the 
investigated territories (Gomez et al., 2001).  

The specific features of the climate and 
topoclimateof Bucharest City, as well as the 

relatively low values of green areas per inhabitant, 
place the Romanian capital among the cities that 

need to embrace a new interdisciplinary approach of 

urban planning. Under the circumstances, 
biourbanism is meant to integrate water surfaces 

and vegetation into the urban system, because “only 
interdisciplinary co-planning involving 

administration, architecture, urban planning, water 

management, and landscape design will help to 
integrate water infrastructure as part of 

multifunctional spaces into the urban fabric” 
(Ruhnke, 2011). 

The purpose of our study is to promote this 

modern concept of urban planning for Bucharest 
City, starting from the analysis of its climate 

conditions, which shows that weather risk 
phenomena affecting population are on the increase. 

The most important are the long drought intervals, 
the increasing number of hot days, the tropical 

nights, the high insolation levels and the occurrence 

of dust storms originating from North Sahara Desert, 
in recent years . These phenomena are amplified by 

the city, with its densely populated artificial and 
artificialized areas, characterized by a high 

coefficient of thermal retention, which during the 

tropical nights generates intense caloric cross 
radiation that negatively impacts the urban living 

comfort.  
The study is focused on the following objectives: 

a) the assessment of climatic vulnerability of 
Bucharest City from the perspective of urban living 

conditions, and b) the presentation of selected 

models for the implementation of biourbanism ideas. 
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The study area is represented by the Romanian 
capital, which is situated in the central-eastern part 

of the Romanian Plain, near the northern limit of the 

territories affected by aridization (Achim et al., 
2012) – fig. 1, 2. From the physiographic point of 

view, Bucharest lies in the plain bearing the same 
name, 60 km away from the Danube, in the south, 

100 km away from the Carpathians, in the north, 

and 250 km away from the Black Sea Coast, in the 
east (Posea&Ștefănescu, 1984). 

 

Fig. 1: The location of Bucharest City in Romania 

 

The elevation of Bucharest City ranges from 118 
m in the northwest and 50 m in the Dâmboviţa 

floodplain, while the mean altitude is 80 - 85 m. The 
lithology consists of Quaternary sedimentary 

deposits (gravel and sands), piled by the Carpathian 

and Sub-Carpathian rivers, overlain by loess deposits 
and loose rocks, with high dust content. In summer, 

this dust is blown away by the wind, which 
negatively influences the quality of living in the 

urban environment. 

 
Fig. 2: The location of Bucharest City within the 

territories affected by aridization  
(Source: Achim et al., 2012) 

 

The climate of Bucharest Plain is dominated by 
polar maritime and continental air masses, coming 

from the eastern quadrant (60.3%), followed by 

tropical maritime and continental ones, which define 
a continental climate, with slight subtropical 

influences (Bogdan& Niculescu,1999). 
Summer is the warm season, with mean monthly 

temperatures of 20-230C; now and then, however, 

thermometer rises to 35-400 C, while the number of 
tropical days is usually more than 38.  

The mean multiannual amount of precipitation is 
higher in the city centre (613.2 mm at Filaret 

station) and lower on the outskirts (603.6 mm at 
Băneasa) (according to ClimaRomâniei, 2008), which 

is a direct consequence of the big number of 

aerosols generated by industry and road traffic. In 
summertime, the heavy rainfalls are sometimes 

accompanied by hail.  
The northeast winds prevail followed by the 

southwestern ones. Wind direction in the city 

depends on street orientation, the width of avenues 
and roads, and the position of the public squares. A 

specific phenomenon for Bucharest is the urban 
breeze (ClimaRomâniei, 2008), which originates in 

the temperature differences between the city and 
the surrounding areas. 

The annual number of foggy days is 40-50, the 

phenomenon being more common in the vicinity of 
lakes, reservoirs and rivers. In many instances, fog 

may combine with urban fog, which makes 
breathing very difficult. Because of the high amount 

of pollutants, cloudiness is higher in the city (more 

than 6 tenths) and lower in its hinterland. The 
highest cloud cover values (exceeding 6.5 tenths) 

are common from November till March, while the 
lowest (less than 4 tenths) are specific for July-

September interval (Dumitrescu, 2007). 

As a metropolis, Bucharest has the most typical 
urban climate in Romania, being the biggest “heat 

island” of the country (Bogdan& Niculescu,1999). 
Natural pollution is determined by dust storms, 

which particularly influence the areas void of 
vegetation. The suspended dust particles dim the 

solar light and increase the occurrence of fog, mist, 

cloudiness and precipitation. Urban atmosphere is 
purified through the medium of thermal convection, 

local winds and precipitation.  
The features of urban topoclimate may be 

emphasized by the values of selected bioclimatic 

indices, which reveal the thermal and hydrological 
contrast between centre and periphery, depending 

on the green and blue areas perceived as 
thermoregulatory factors. Bioclimatic indices capture 

the spatial and temporal evolution of the climate 
parameters that play an important part in the 

economy, the comfort of human communities and 

the territorial planning (Iojă, 2012). 
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Materials and methods 

Data collection. Climate data were provided by 
the National Meteorological Administration (NMA) for 

Bucharest-Băneasa and Bucharest-Filaret weather 

stations, based on the recordings made between 
1961 and 2000 for temperature and between 

1961and 2005 for precipitations. The time interval - 
the 30-year period from 1961 to 1990 are currently 

used to define the latest global “Normals” used for 

climate reference. 
The Digital Elevation Models were accomplished 

starting from the cadastral map of Bucharest, scale 
1:2000. 

The research methodology was based on 
bibliographic documentation, field investigations and 

the computation of representative bioclimatic 

indices, which are used in many studies 
accomplished in Romania dealing with the 

bioclimatic conditions of various regions. 
The most representative bioclimatic indices, 

typically used to assess the environmental potential 

of a territory, are the following: Mayrtetratherm, 
which is the ratio between the average 

temperatures corresponding to the most arid 
interval of the year and the period of maximum 

biological activity (Satmari, 2010); De Martonne 
aridity index, computed as a ratio between annual 

precipitation and the mean annual temperatures 

exceeding +100C (Ozenda, 1994; Pătroescu, 1996; 
Dumitrașcu et al., 2004; Iojă, 2006; Manea, 2009; 

Vijulie, 2010); Thornthwaite aridity index, expressed 
with a formula accepted by the United Nations 

Environment Programme (UNEP); Angot aridity 

index, which is the ratio between the mean annual 
precipitation and the monthly precipitation, where 

subunit values point at the dry months (Satmari, 
2010); Siple-Passel index (W/m2), which correlates 

air temperature and wind velocity, parameters that 

suffer significant alterations within the urban 
environment (Besancenot, 1978); Annual Hydric 

Compensation Index- expressed as ratio between 
humidity excedent and humidity deficit.(Pătroescu, 

1987; Manea, 2009); Gaussen index, expressed as 
the ratio between the precipitation fallen in summer 

and the annual amount of precipitation (Ozenda, 

1994; Manea, 2011). The same purpose was also 
served by the Walther-Liethclimogram, also called 

ombrothermic diagram or Gaussen dual-scale 
diagram, which allows the estimation of the mean 

annual or multiannual duration of the dry season in 

the investigated territory (Gaceu, 2002; Manea, 
2011). These indices highlight the drought 

vulnerability of the urban ecosystem. In our study, 
were used the following indices: Angot aridity index, 

Hydric Compensation Index, Gaussen index, 
MayrTetraterm, De Martonne aridity index, 

Thornthwaite aridity index. 

The observations in the field accomplished during 
the period July 2012-September 2013 were aimed at 

identifying the urban fabric samples, whose artificial 

or artificialized structure was accompanied by 
specific townscape elements, as well as the urban 

structures that might be better capitalized through 
townscape improvement. The digital elevation 

models of the urban fabric improvement works 

overlapping the Dâmboviţa corridor and the swampy 
area of Lake Văcărești were created using ArcGis 

10.1. and SketchUp softwares. 
 

Results 

Dysfunctions of the climatic and bioclimatic 
conditions of Bucharest City  

By analyzing the climate data sets and by 
computing some representative indices, we were able 

to reveal the features and vulnerabilities of the 
climate conditions of the Romanian capital. The active 

surface of Bucharest City, which is mostly built-up, 

totally differs from the surrounding flatlands. Its 
complex structure is characterized by a street 

network of various sizes and orientations, buildings of 
different heights, street corridors channelling the air 

masses, factories, water surfaces and green areas, 

which generate different topoclimates. As far as the 
values of climate parameters are concerned, these 

suffer alterations because of the building materials 
having high coefficients of thermal retention.  

The risk phenomena specific for Bucharest City 
are drought, tempests, dust storms and the high 

temperatures exceeding the thermal comfort value 

(>250C). More often, these values occur in 
summertime, when the capital is under high climatic 

stress, the living conditions being affected by the 
high temperatures and the scant precipitation.  

During the last century, the temperature 

gradually rose to the core of the city, as the urban 
sprawl intensified (Fig. 3).  

 

 

Fig. 3: Mean multiannual air temperature evolution 
(°C) at Bucharest-Filaret station (centre of 
the city) and Bucharest-Băneasa station, in 

northern part of the city (1961-2000); 
Source of data: Archives of NMA. 
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In consequence, during the summer season 
Bucharest turns into a hostile environment, which 

makes its residents temporary migrate towards the 

hilly and mountainous areas. On the other hand, the 
people who still remain here are forced to use the 

air conditioning systems intensively, which increases 
the electric power consumption. 

The processing of climatic data sets gives us a 

complex image on the capital climatic vulnerability 
during the summer season, as well as on the 

mitigating effect of the green areas of the city. 
The values of the Mayrtetratherm highlight the 

amount of necessary heat for vegetation 
development, the areas prone to thermal discomfort 

in summertime, and the metropolitan area (urban 

heat island).   
Consequently, at Bucharest-Filaret weather 

station the Mayrtetratherm value is about 10°C 

higher than at Bucharest-Băneasa, which lies in the 

northern part of the city and suffers the influence of 
Băneasa forest. The moderating effect of the vegetal 

cover is also emphasized by the comparative 

analysis of the maximum values of the mean 
monthly temperatures computed for the interval 

1961-2000. The thermal differences between the 
core of the city (Filaret station) and its northern part 

(Băneasa station) are given in table 1.  
The Gaussen index values (fig. 4) for the period 

1961-2000 remain below 0.25 units, placing 

Bucharest on the limit between the continental 
climate and the subtropical or Mediterranean one. At 

the same time, Fig. 4 show a constant increasing 
trend of the index values for the interval 1961-2000. 

 

 

Fig. 4: The evolution of Gaussen Index values 
(Source: processed based on the information 

supplied by NMA) 

The annual values of the De Martonne aridity 
index exceed 25 units for both weather stations, 

which places the capital within the forest-steppe 
semi-humid climate (10-150C) (Table 1). In its turn, 

the Angot aridity index highlights the climatic 
features of every month, its subunit values pointing 

at the dry intervals (from middle of April to the end 

of August). Figure 5 shows that five months per 
year, including the period with maximum biological 

activity (VII-VIII), are confronted with moisture 

deficit; this fact, together with the highest values of 
temperature and evapotranspiration, on the one 

hand, and the prevalence of the areas with high 
thermal retention coefficient, on the other hand, are 

responsible for the discomfort felt by the people.  

 
Fig. 5: The evolution of the mean monthly values of 

the Angot aridity index (1961 - 2000) 
(Source: processed based on the information 

supplied by NMA) 

 
The moisture deficit is also revealed by the 

Thornthwaite index (table 1), which shows that 

water loss through evapotranspiration during the 
vegetation season cannot be compensated by 

precipitation. 
 

Means of implementing biourbanism or 
organic urbanism concepts 

The climatic background revealed in the previous 
subchapter justifies the concern for finding and 

implementing an eco-protective, functional and 
aesthetic urban planning model, knowing that 

Bucharest, more than any other European capital, 

developed in the 8th and 9th decades a monotonous 
residential infrastructure, devoid of architectural 

personality, densely populated and almost totally 
lacking natural improvements.  

Such a model, meant to bring the Bucharest 

citizens closer to “Paradise lost”, may be 
represented by biourbanism or organic urbanism, a 

concept of urban planning recently come to the 
attention of architects, specialists in urban planning 

and NGO’s. Thus, a first step for implementing the 
biourbanism concept in Bucharest is the launching of 

“Plug to nature” strategy, aiming at winning back 

the city. This would imply the improvement of the 
Dâmboviţa channel and its adjacent areas (Fig. 6, 

7), on the reach crossing the city centre (between 
the National Library and the Unirii Bridge – Fig. 6, 

7), so that to turn it into an Eco-Urban Cultural 

Centre, according to the project proposed by “Ivan 
Patzaichin-Mila 23” Association.  
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Tabel 1 The values of selected bioclimatic indices at Bucharest-Băneasa and Bucharest-Filaret weather stations (1961-2000) 

Month I II III IV V VI VII VIII IX X XI XII 

BUCHAREST -BĂNEASA 

T0C -0.77 0.85 4.60 10.44 16.02 19.7 22.01 21.21 17.2 11.6 6.37 1.45 

P (1961 – 2005) 36.5 33.1 38.8 49.5 69.8 78.6 67.7 56.4 45.7 37.7 46.9 42.9 

ETP 0.4 3.9 16.7 52.1 96.5 126.4 142.7 125.8 81.7 42.3 14.1 - 

∆P = P-ETP 36.1 29.2 22.1 -2.6 -26.7 -47.8 -75 - 69.4 -36 -4.6 32.8 - 

IpmAngot 1.37 1.51 1.29 1.01 0.72 0.64 0.74 0.89 1.10 1.33 1.07 1.17 

IardeMartonne 

III-XI 
  31.89 29.06 32.19 31.75 25.37 21.68 24.13 20.94 34.37  

IarThornthwaite (annual): Bucharest- Băneasa -603.6/702.6= 0.859 (0.7 is the transition value to the sub-humid dry climate) 

Ich(∑∆P +/∑∆P-) = 0.458(∑∆P+ = 120.2; ∑∆P- = 262.1)  

IardeMartonne (annual)= 28.89 

MayrTetratherm = ( TV+TVI+TVII+TVIII)/4 =19.73 

BUCHAREST - FILARET 

T0C -0.51 0.71 5.61 11.90 17.22 20.87 22.76 22.17 17.65 11.77 5.25 0.51 

P (1961-2005) 39.4 37 41 50.2 69.6 78.9 60.5 54.8 47 39.2 50.1 45.5 

ETP 0.7 4.1 19.3 54.3 99.0 129.3 146.4 130.4 85.7 45.6 16.2 - 

∆P = P-ETP 38.7 32.9 21.7 -4.09 -29.4 -50.4 -85.9 -75.6 -38.7 -6.4 33.9 - 

IpmAngot 1.29 1.38 1.24 1.01 0.73 0.64 0.84 0.93 1.08 1.30 1.01 1.12 

IardeMartonne III-

IX 
  31.51 27.5 30.68 30.67 22.16 20.44 20.39 21.60 39.42  

IarThornthwaite (annual): Bucharest-Filaret –613.2 /731.2 = 0.838 (0.7 is the transition value to the sub-humid dry climate) 

Ich(∑∆P +/∑∆P-) = 0.437(∑∆P+ = 127.2; ∑∆P- = 290.5) 

IardeMartonne (annual) = 28.76 

MayrTetratherm = ( TV+TVI+TVII+TVIII)/4 =20.75 

Source of climatic data: NMA 
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This initiative inspired us to design a model for 
improving the previously mentioned wetlands, as the 

central location of this stretch, which is currently dull 

and inert, presents a good opportunity for the area. 
Consequently, the cultural and social values, 

stemming from the presence of one of the most 

important libraries in Bucharest, may be 
interconnected with the aesthetic and ecosystemic 

ones, which are attributes of the blue and green 

oxygen producing areas belonging to the Dâmboviţa 
stream and its adjacent improved or improvable 

areas. 
 

 

Fig. 6:  The distribution by sectors (districts) of the present water surfaces and green areas  

of public interest 

As a matter of fact, urban improvements should 
include the entire reach of the river crossing the 

Romanian capital (Fig. 6), which from the 

architectural standpoint might be considered a 
genuine spinal column of the urban ecosystem,  

 

Fig. 7: A model of urban improvement of a 

sample lying along the Dâmboviţa 

corridor 

being flanked by important cultural or research 
institutions: Polytechnic University, Faculty of Law, 

Faculty of Biology, Palace of the Romanian 

Parliament, Palace of Justice, etc.). 
Another example worth mentioning in this 

context is Lake Văcărești wetlands (Fig. 8, 9), lying 
at the core of a dispute among civil society, political 

regime and mass media representatives, which 
might be turned into an urban natural park (Manea 

et. al., 2013), with improvements inspired from 

other similar areas in the world. Following the 
creation of the Văcărești Natural Park, Bucharest 

would reach half of the necessary green area 
required by the European norms (40 square meters 

per inhabitant). At present, the official figure in this 

respect is about 24 square meters per inhabitant 
(Cadastrul verde al Bucurestiului, 2011). This green 

area would be the first urban natural park in 
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Romania and its ecological and socio-economic 
benefits would be remarkable. 

 

Fig. 8: Current situation of Lake Văcărești 

wetlands 

 

 

Fig. 9: A model of improving Lake Văcărești 

wetlands 

 
Another project, entitled “Transcentral Urban 

Bucharest”, proposed in 2007 by a team of 
architects, must also be taken into account in this 

urban improvement context. Although it has not 
been implemented yet, it is meant to interconnect 

the green areas, the water surfaces and the public. 

The project aims at building a pedestrian and cyclist 
bridge over the Dâmboviţa River (opposite the 

Palace of Parliament). This will have several levels 
covered by vegetation, as a symbol suggesting that 

the green areas and public squares of the old city 

are willing to conquer the opposite bank, “in order 
to civilize the desolate areas surrounding the Palace 

of Parliament” (Andreșoiu et al., 2007) (Fig. 10). 
This type of improvement would bring about an 

increase of the quality of urban living by facilitating 
access to leisure and recreation activities and by 

connecting two types of areas devoid of 

constructions, which are not fully capitalized, one 
lying in the old city and the other being the result of 

the urban planning policies of the former communist 
regime.  

 
Fig. 10: Transcentral Urban Bucharest Project 

(Source: Andreșoiu et al, 2007; 2010) 
 

The ultimate goal should be the overall landscape 

improvement and the increase of urban living 
comfort through the medium of water and green 

areas.   
The idea could be further developed by 

connecting the entire city to nature, revaluating the 
natural or semi-natural biotopes, which currently are 

not properly managed, and turning the water 

surfaces into topophilic environments, accessible to 
urban residents. This approach is interdisciplinary or 

even transdisciplinary, the implementation of ideas 
being possible only through a process of analysis 

and co-panning involving the stakeholders’ 

representatives: local authorities, architects, 
landscape designers, geographers, economists, 

sociologists, plain citizens and even physicians and 
psychologists. 

A method of urban improvement with positive 
impact on the aesthetics and the quality of urban 

living might be the cityregeneration through creative 

artistic interventions: climbing vegetation on blind 
walls (Fig. 11), hedgerows around the blocks of  

 
Fig. 11: Climbing vegetation on blind walls 

(Original photo) 

 

flats, green facades, rivers with grassy banks, flower 
pots on the balconies of the collective dwellings 

(especially the old blocks in the communist 
neighbourhoods), green roofs capable of storing 
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water (Ruhnke, 2011), attractive green areas in 
place of vacant lands and decommissioned sites, as 

well as leisure and recreation fields. 

Discussion  

International examples are numerous and may 
serve as models for the 21st-century architecture: 

Milan (Fig. 12), London, Berlin, Ljubljana, Wroclaw 
Stockholm, Los Angeles, Buenos Aires etc. 

Thus, in the city centre of Milan, the first vertical 

forest in the world (called “BoscoVerticale”) will 
include two 27-storey towers, which will be coated 

with about 730 trees, shrubs and flowering plants. 
 

 

 

Fig. 12: The „BoscoVerticale” project in Milan 
(Photo: damncoolpictures.com) 

 

We may argue that this type of structures is an 

ingenious and unique way of blending architecture 
with ecology; this architectural idea might be a 

solution to the lack of vegetation in the large cities. 
The green infrastructure is a fundamental element 

for territorial planning. It mitigates the thermal 
discomfort by controlling the sprawl of urban heat 

island, improves the living conditions 

(Carreiro&Tripler, 2005), controls the flow of rainfall 
water, maintains biodiversity, purifies the 

atmosphere, stores carbon (Chiesura, 2004; Del 
Saz-Salazar s &Rausell-Koster, 2008; Tyrvainenet 

al., 2007 ) and provides a pleasant and healthy 

landscape.  
The elements of green infrastructure may 

preserve and enrich the ecosystems diversity from 
the point of view of habitats and species (Tzoulas et 

al., 2007). At the same time, the green 

infrastructure may counterbalance soil sealing, 
which is the major consequence of urban 

development. As part of this green infrastructure, 
the green roofs (Madre et al., 2014) may diminish 

some of the negative effects of soil sealing, but they 
cannot compensate soil function loss. However, they 

may bring their contribution to some extent in 

preventing surface flow, as it happens in the centre 
of Manchester City and in its densely populated 

suburbs. There, the green roofs have reduced the 
surface flow triggered by a heavy rainfall of 20 mm 

even by 20%. This type of reduction may be useful 

in controlling the floods in urban environments. In 
addition, the green roofs may become habitats for 

certain plants and wild animal species, thus exerting 
a positive effect on microclimate by transpiration 

(which has a cooling effect), but they can also purify 
the air by filtering the suspended particles (Siebielec 

et al., 2010). As far as the costs are concerned, 

these are somewhat comparable to those of 
conventional roofs.  

The maintenance costs of these improvement 
works can be minimized if the species will be 

selected depending on their adaptability to the 

thermal and precipitation regime of Bucharest City. 
However, the “greening” of dwellings might be 

hindered by the difficulties encountered in the 
management of undesirable organisms: invertebrate 

animals, rodents, bacteria, fungi, etc. (Ioja, 2012). 

At present, the city of Bucharest, urban 
settlement with multi-secular history marked by 

urban approaches specific to every historical context 
(Oriental, Byzantine, Baroque, Eclectic, Neo-

Romanian, Art Deco or Streamline Moderne), 
includes in his architectural mosaic distinctive 

samples of urban fabric, which resemble 

independent towns. We can mention in this respect 
the Primaverii and Floreasca neighbourhoods, 

situated in the north, the Cotroceni neighbourhood, 
in the central-western part, and the residential 

districts adjacent to Dacia Avenue, DumbravaRoşie 

Street, Polonă Street and Spania Square, lying in the 
city centre. For the most part, however, Bucharest is 

dominated by collective dwellings (blocks of flats) 
with monotonous architecture, where artificial areas 

prevail, which adversely affect the physical and 
mental health of the inhabitants. Consequently, a 

good solution for mitigating the dysfunctions would 

be the “rebranding” of these dwellings in the spirit 
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of biourbanism, inspired from the models designed 
and tested at international level.  

Conclusions 

The location of Bucharest City on the edge of the 

Romanian territories affected by aridization, its 
present climate conditions marked by aridization 

tendencies and high temperatures during the 
summer season, the sprawl of built-up area, and the 

increasing population density justify the adoption of 

biourbanism as a new model of development. 
Consequently, following the example of other 

European and World cities that have already 
implemented such strategies, the local authorities 

will be able to mitigate the climate conditions and to 
increase the living standards of Bucharest residents.  

An important step in promoting biourbanism is to 

connect the city with nature. This can be done by 
capitalizing the natural and/or semi-natural biotopes, 

which at present are not properly managed (the 
Dâmboviţa River corridor and the wetlands adjacent 

to Lake Văcărești) and by rethinking the 

improvements of urban environment making use of 
creative interventions meant to expand the green 

areas. The final purpose of biourbanism should be 
the improvement of urban climate, the overall 

landscape adjustment and the increase of urban 
living comfort through the medium of water and 

green areas.  

However, this new type of urban approach might 
be confronted with a number of constraints, such as 

the high maintenance costs of the improvements, 
the low awareness of public opinion regarding the 

benefits, the diverging interests of real estate 

market, the disinterest of local authorities, the low 
financial resources, and the difficulties encountered 

in the maintenance process. All these could be 
overcome through a large-scale promotion of the 

concept, through raising the awareness regarding 

the usefulness of the ecosystemic services provided, 
and through a larger involvement of the target 

groups. Probably the best approach in this respect 
would be that of the small, but safe, steps. Previous 

experience in the history of urban planning in 
Romania (and especially in the communist period) 

confirms that radical decisions, taken without 

informing and consulting the stakeholders, may 
have negative far-reaching effects, both on the 

territory and on the mental health of the residents. 
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Abstract 

According to National Administration of Meteorology, July month 
of 2015, will represent one of the longest periods with canicular 
temperatures in the last decades. In Oltenia region and in Craiova 
city, too, yellow or orange code warning, had to be declared. To 
determine thermal discomfort sensation felt by the population of 
Craiova, experimental research concerning micrometeorological 
measurements of the real temperature and relative humidity that 
contribute to the local Temperature - Humidity Index (THI) value 
was performed. According to the experimental research results, 
con-firmed by using thermovision too, within Craiova, four micro 
urban heat islands were identified. Despite the low mean value of 
relative humidity, due to the temperature’s high mean value, in 
these hot spots the THI average was 94.93, and the thermal 
discomfort sensation would have made necessary special 
protection measures. The same air micrometeorological 
parameters in these four hot spots were compared with the ones 
recorded in English Park where due to vegetation and trees’ 
shadow, the THI average was 84.87, thus the thermal discomfort 
sensation would have made necessary adequate protection 
measures. The paper proposes several practical methods that 
would be utilized in order to decrease the pavements’ and 
buildings’ walls temperatures, or to increase the vegetation 
surfaces that contribute to the THI de-creasing in the micro urban 
heat islands of Craiova city. 

Keywords: Micro urban heat islands, hot spots, thermovision,  

Temperature - Humidity Index 

Rezumat. Consideraţii privind influenţa insulelor 
de cădură urbane asupra indicelui temperatură - 
umiditate din Craiova 

Conform Administraţiei Naţionale de Meteorologie, luna Iulie a 
anului 2015 va reprezenta una dintre cele mai mari perioade cu 
temperature caniculare din ultimile decade. In Oltenia, precum şi 
în oraşul Craiova, a trebuit să fie anunţate avertizări de cod 
galben sau portocaliu. In vederea evidenţierii stării de discomfort 
termic resimţită de populaţia din Craiova, au fost efectuate 
cercetări experimentale privind măsurări micrometeorologice 
pentru determinarea temperaturii şi umidităţii reale care contribuie 
la stabilirea indicelui de confort termic local. În conformitate cu 
rezultatele cercetărilor experimentale, confirmate şi prin utilizarea 
termoviziunii, în centrul Craiovei au fost identificate patru insule 
de căldură local urbane. Chiar şi pentru valori reduse a umidităţii, 
datorită temperaturilor mari, in aceste zone fierbinţi media 
indicelui de confort termic a fost 94.93, şi senzaţia de discomfot 
termic ar fi făcut necesare măsuri speciale de protecţie. Parametrii 
micro-meteorologici determinaţi în aceste patru zone fierbinţi au 
fost compa-raţi cu cei obţinuti în English Park, unde datorită 
prezenţei vegetaţiei şi a umbrei arborilor, valoarea medie a 
indicelui de comfort termic a fost de 84.87, deci senzaţia de 
discomfort termic af fi necesitat măsuri de protecţie adecvate. 
Lucrarea prezintă câteva metode practice care ar putea fi utilizate 
pentru reducerea temperaturii pavimentului şi a pereţilor clădirilor, 
sau pentru creşterea suprafeţelor de vegetaţie care contribuie la 
scăderea indicelui de comfort termic din insulele de căldură local 
urbane din oraşul Craiova. 

Cuvinte-cheie: Insulele de căldură local urbane , zone 

fierbinţi, termoviziune, indice temperatură - umiditate 

 

Introduction 

Heat wave in Oltenia  

Craiova is located Oltenia Region, in the south-
western part of Romania, at the intersection 

between the parallel 44 o19’01.70” northern 
latitude, with the meridian 23o47’50.99” eastern 

longitude (Fig. 1) (www.googleearth).  

As one of the largest city in the country, with a 
population of about 280,000 in a built - up gentle 

relief plain area of approximately 32km2, from 92 to 
117m a.s.l., Craiova has a maximum extension on 

the N – S direction (9.0 – 9.4km), and a minimum 

extension on the E - W direction (4.8 – 5.2km). 
Bălăciţa Piedmont height (158.5 - 165m) delineates 

the Jiu River lane to the West, and the Olteţ 
Piedmont heights (191.5 – 209.5m) are the eastern 

Craiova city border (Cocean, 2011). Due to 

continental – temperate climate, during the warm 

season, but especially in the June – August period, 
in Craiova there were registered the monthly largest 

mean temperature in July (28.5oC), and maximum 

absolute monthly temperature 41.5oC (July 1916), 
respectively (Cocean, 2011; Boengiu, 2008). 

The term of canicula characterizes weather 
condition in which air temperature, measured in 

standard conditions at meteorological stations 

reaches or even exceeds the threshold of 35°C (it is 
also said that weather is canicular) manifested on 

extended areas. 
In Oltenia Region, the drought period started in 

January 2000 lasting until July 17, 2002. It was 
interrupted by three short rainy periods in 2001 in 

which rains were followed by sunny days with wind 

gusts, which contributed essentially to the 
evaporation of soil water and the reappearance of 
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water deficit in arable layer. The summer of 2000 
marked for Oltenia the occurrence of canicula (also 

accompanied by drought) on extended periods of 

time. The drought of 2000 in Oltenia was in general 
extremely intense and associated with extended 

periods of canicular weather and heat waves in the 
intervals: June 6-10, 21-25, July 2-12, 22-27, August 

3-7, 17-24. It affected the entire social life, causing 

the increase of all life prices (Marinică and Marinică, 
2014). 

 

Fig.  1: Craiova down-town (www.googleearth) 

In the summer of 2007, in Oltenia, weather was 

extremely changeable. Among the most important 
weather aspects there must be mentioned six heat 

waves in the intervals: June 19-26; July 2-4; 8-10; 

15-24; 27-30; August 22-25. Two of these had a 
great intensity, the one in the interval June 19-26 

and that in the interval 15-24 July. The heat wave in 
the period July 15-24, 2007 was the most intense 

for this month of the entire period since 

meteorological observations are carried out and 
marked the exceeding of the monthly absolute 

maximum thermal value of July with 0.8°C 
(registered at Calafat on July 24, 2007, 44.3°C 

which in that period war the absolute maximum 
thermal value of July in Romania; the old absolute 

maximum thermal value of July in Romania was 

43.5°C registered at Giurgiu on July 5, 2000). The 
maximum air thermal value, monthly absolute 

thermal value of July, registered in the last century 
on July 5, 1916 was 42.9°C in Alexandria and was 

exceeded with 0.6°C after 84 years on July 5, 2000 

(Marinică and Chimişliu, 2009; Marinică and 
Marinică, 2014). 

It must be noticed that in July 2007, for the first 
time, the air temperature reached and exceeded the 

climatologically threshold of 44°C. Values of 44°C 

and higher were registered in Romania one time in 
all the history of meteorological observations, only 

on August 10, 1951 when at four Romanian 
meteorological stations the value of 44°C was 

reached and exceeded (in Bărăgan, in Râmnicelu 
commune at Ion Sion farm 44.5°C, which is the 

absolute maxi-mum air temperature value in 

Romania, and 44.0°C in Amara - Slobozia and Valea 
Argovei). In July 2007, values higher or equal to 

44°C also registered at three meteorological stations 

in Oltenia: Băileşti 44.0°C, Bechet 44.2°C and 
Calafat 44.3°C, which means a more extended area 

of hot air than in the last century. At soil surface, 
the maximum thermal value registered in Calafat 

was 69.0°C, and in Băileşti 71.0°C, the diurnal 

thermal amplitude being of about 45°C (Marinică 
and Marinică, 2014).  

In Oltenia Region, September 2012 was 
excessively warm, when for 14 days, the maximum 

temperature values were comprised between 30o 
and 35oC (tropical days) (Marinică and Marinică, 

2013). 

Urban Heat Island 

An urban heat island (UHI) describes the 

characteristic warmth of both the atmosphere and 
surfaces in urban areas compared to their non 

urbanized surroundings. There are three different 
types of heat islands: canopy layer heat island 

(CLHI), boundary layer heat island (BLHI), surface 

heat island (SHI). The first two refer to a warming 
of the urban atmosphere; the last refers to the 

relative warmth of urban surfaces. The urban 
canopy layer is the layer of air closest to the surface 

in cities, extending up-wards to approximately the 
mean building height. Above the urban canopy layer 

lays the urban boundary layer, which may be 1 km 

or more in thickness by day (shrinking to hundreds 
of meters or less at night). BLHI forms a dome of 

warmer air that ex-tends downwind of the city, and 
wind often changes the dome to a plume shape. 

Heat island types vary in their spatial shape, 

temporal (related to time) characteristics, and some 
of the underlying physical processes that contribute 

to their development. Scientists measure air 
temperatures for CLHI or BLHI directly using 

thermometers, whereas the SHI is measured by 

remote sensors mounted on satellites or aircraft 
(Voogt, 2002; Voogt, 2004).  

The progressive replacement of natural surfaces 
(often composed of vegetation and moisture soils) 

by built surfaces constitutes the main cause of UHI 
formation (www.urbanheatislands.com). 

These highlight the important role that the land 

cover types have on the thermal pattern of the UHI, 
and the relationship between the temperature 

radiated by the land surface and the temperature of 
the atmosphere situated immediately above it (near 

surface air temperature), due to the transfer of 

energy emitted from the former to the latter. Over 
the last decades, remotely sensed thermal infrared 

data have contributed to address the UHI through 
the estimation of land surface temperature, thus 

originating the study of the surface UHI. 
Nevertheless, it has been found that atmospheric 
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and surface UHI are coarsely related, and they can 
exhibit quite different spatial and temporal patterns. 

Moreover, within the urban atmosphere the heat 

island may present significant variations between 
the canopy and boundary layer 

(www.urbanheatislands.com/). 
Therefore, characteristics such as development, 

growth, intensity, and spatial pattern of the UHI will 

differ depending on where the measurements are 
made. The atmospheric UHI usually reaches its 

highest intensity in summer, and under calm air and 
a cloudless sky. This is because construction 

materials exhibit a high thermal inertia (a low 
response to temperature changes), and 

consequently, they continue releasing heat slowly 

after sunset and even near dawn, when most of the 
rural surfaces have cooled down. On the other hand, 

light winds are not capable of driving turbulent 
exchanges of heat, while clear skies enhance rural 

cooling by allowing radiative heat loss to the 

relatively cold night sky. The UHI measured at the 
canopy layer may exhibit high spatial and temporal 

variation as a result of the variable thermal 
properties of the urban construction materials, 

which in combination with the three-dimensional 
geometry of built-up surfaces modifies neighboring 

air temperatures. Since urban temperature is 

strongly commanded by the high thermal inertia of 
the construction materials, the surface UHI usually 

reaches its highest intensity in the afternoon, when 
the urban surface has sufficiently warmed-up, thus 

maximizing its heat release (Sham et. al., 2012; 

http://www.urbanheatislands.com/). 
In order to study the intensity and spatial pattern 

of the UHI, in the last two decades, world-wide 
thermal infrared remote sensing was used to 

observe the surface of urban heat island as a 

reliable indicator of the atmospheric urban heat 
island. Therefore, close relationships between the 

near surface air temperatures and land surface 
temperatures have been found (Lo, Quattrochi and 

Luvall, 1997; Voogt and Oke, 2003; Weng, 2009; 
Nichol, 2009; Pérez Arrau, 2007; 

www.urbanheatislands.com/). 

Micro urban heat islands (MUHI) refer to urban 
hot spots as poorly vegetated, parking lots, non-

reflective buildings materials, material and colour of 
pavement and asphalt roads. MUHI are strongly 

affected by micro climate factors, therefore remotely 

sensed data (thermovision) are more suitable than 
atmospheric data for identifying heat spots (Synnefa 

et al., 2006, 2007, 2009; Stathopoulou et. al., 2005, 
2009; www.urbanheatislands.com/). 

As a consequence of canicular heat wave or 
MUHI, the temperature-humidity index (THI) has to 

be considered. THI, also known as thermal comfort 

index, represents an extremely used index in world-
wide mass-media nowadays; it renders an apparent 

temperature, namely the temperature felt by human 
body that cools slower at higher values of the 

relative humidity due to the reduction of the 

evaporation rate. 
THI is calculated on the base of several formulas, 

which corroborate air temperature and relative 
humidity, the critical threshold being 80. If THI is 

smaller than 65, it means comfort state; 66-79 

means alert state; higher than 80 means discomfort 
state (Teodoreanu and Bunescu, 2007; Vlăduţ, 

2011).  
In the last decade, the Romanian researchers 

focused their interest for THI effects in Oltenia 
region. According to statistical data supplied by the 

Craiova Regional Meteorological Center, it was 

observed that the years with the highest number of 
days (51 days in 2000, 47 days in 2001, and 41 days 

in 2007) with THI values above 80 were 2000, 2001, 
and 2007 for the entire studied territory, when, 

during July and August, the region was affected by 

numerous heat waves, which led to the frequent 
exceeding of the 40°C value (Burada and Sandu, 

2009; Marinică and Marinică, 2008, 2009; 
Teodoreanu and Bunescu, 2007; Vlăduţ, 2011). 

Aims 

In order to participate in the competition 
"European Cultural City 2020", the municipality of 

Craiova has benefited of funds coming through the 

financing of an European Project. The goal of this 
project was the rehabilitation of the old down town, 

thus some streets became only for small shops, 
pubs and restaurants activities, and for people 

walking use. Rehabilitation took into account the 

structure and the facade of buildings, pavement and 
all the infra-structure (electricity, water, sewerage). 

Facades of buildings (more than 100 year old 
houses; about 60 years old ground floor and 4 floors 

blocks) have been rehabilitated (light colors, 

architectural ornaments), and the old pavement was 
replaced with a new one made in synthetic granite 

cubes (gray, dark gray, dark red) and artificial 
marble tiles (beige, dark white).  

This study presents an overview concerning 
temperatures, humidity and THI, too, in July 2015, 

for MUHI conditions of Craiova, for some buildings 

and pavement in four hot spots and in a public 
park’s  canopy.  

The study considers Craiova MUHI for five 
places: three recent rehabilitated streets (Panait 

Moşoiu Street, Lipscani Street, Theodor Amann 

Street), Prefecture Square, and English Park, 
respectively. 

The experimental research considered the 
direction and the geometry of these five places: 

Panait Moşoiu Street (magenta line in Fig. 1) - 
direction N - S, length about 120m, mean width 
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15m, mean height of the buildings 12m, with no 
vegetation; Lipscani Street (red line in Fig. 1) - 

direction E - W, length about 330m, mean width 

12m, mean height of the buildings 10m, with no 
vegetation; Theodor Amann Street (dark pink line in 

Fig. 1) - direction N - S, length 130m, mean width 
22m, mean height of the buildings 18m, with very 

poor vegetation; Prefecture Square (yellow line in 

Fig. 1, but without the Unirii Street that starts in the 
southern part of this Square, yellow, too) - open 

space 60 x 80m, with the Prefecture Building (30m 
height) to the East, an open green park with 

artesian fountains to the West, shops and 4 floors 
blocks (25m height) to the South, shops and 4 floors 

blocks (20m height) to the N, with no vegetation; 

English Park - open public green park 60 x 60m, 
with the Prefecture Building (30m height) to the 

West, Theodor Amann Street (shops and 4 floors 
blocks, 22m height) to the East, shops and 4 floors 

blocks (15m height) to the South; Craiova City Hall 

(15m height) to the North. 

Material and Method 

 

According to the weather forecast provided to 
the media by the National Administration of 

Meteorology, for large regions of Romania, in July 
2015 canicular heat wave was settled, with daily 

maximum thermal values exceeding 32 - 34oC. 

Therefore in all these regions, and in Oltenia and in 
Craiova, too, yellow or orange code warning had to 

be declared.  
The daily micrometeorological measurements 

were represented by four observations (from 60 to 

60 minutes) in the midday (when maximum 
temperature occurred) between 13.30 and 16.30, 

for the MUHI’ five places conditions, above 
presented.  

Experimental research targeted air temperature 

and air relative humidity measurements, and for the 
buildings, pavement and trees canopy temperatures 

by using thermal infrared camera (thermovision), 
too, in 10 canicular days of July 2015 (13, 14, 15, 

16, 22, 23, 24, 25, 26, 27).  
In the selected days the air velocity was less 

than 1m/s (measured at 1...1.2 m height above the 

ground, by using a hot wire anemometer Lutron YK 
- 2005AK: air velocity accuracy ± 1% full scale; 

temperature accuracy ± 0.80C), and clear sky.  
Air relative humidity and air temperature were 

measured by using a hygrometer (Lutron HT - 3009: 

humidity accuracy ± 2% R.H; temperature accuracy 
0.50C).  

The temperature measured during the 
experimental research was compared with the 

temperature provided by National Administration of 

Meteorology 
(accuweather.com/en/ro/craiova/287856/july).    

This paper presents the air temperature and air 

relative humidity recorded on the middle length of 
each rehabilitated street, in the center of the 

Prefecture Square, and three different places in 
English Park. 

Based on these measurements, there were 

calculated the average values of air temperature and 
relative humidity during each four daily observations 

steps. Finally, the Temperature - Humidity Index 
was calculated with the relation (Teodoreanu and 

Bunescu, 2007; Vlăduţ, 2011): 
THI = (T x 1.8 + 32) – (0.55 – 0.0055 x U) x 

          [(T x 1.8 + 32) – 58)],  

where T - air temperature (°C), U - relative 
humidity (%). 

Thermal infrared sensing FLIR T 440 US camera 
was used: FPA uncooled micro bolometer detector 

type; 7.5 to 13 μm spectral range; resolution 

324x256 pixels; NETD < 0.0450C). For each 
measurement, the thermal infrared camera 

parameters were set.  
For air relative humidity (Rel. humidity) and air 

temperature (Atm. temp.) there were used the 
values measured with the hygrometer; the reflected 

temperature (Refl. temp.) was determined with 

aluminum foil, for emissivity ε = 1, distance d = 0m. 
In a thermal image, the material of the buildings’ 

facades and the pavement materials are 
characterized by certain specific emissivity. 

According to the professional emissivity tables, 

both for buildings’ facades and for pavement 
materials, the mean emissivity ε = 0.92 was 

selected. On the other hand, according to the same 
professional emissivity tables, the emissivity for 

grass ε = 0.97, for leaves ε = 0.98, for bark ε = 

0.94. Therefore, for the vegetal emissivity, the mean 
of those mentioned materials, ε = 0.96, was used 

(www.icess.ucsb.edu/modis/; 
www.zytemp.com/infrared/application.asp). 

In order to verify the thermal infrared 
temperature correctness, three precision fine wire 

thermo-couples (Omega 5 SC-GG-K-30-36; accuracy 

± 0.5%), and a temperature data - logger recorder 
(Lutron BTM - 4208 SD) were used: one on the 

pavement, placed at 1m from the building wall; one 
in the corner between the pavement and the 

building wall; one on the building wall at 1m height 

from the ground; for vegetal materials: one on the 
ground, placed at 1m from the tree trunk, one on 

the trunk’s bark 1m height from the ground, and 
one in the canopy of the tree’s crown, respectively.  

Each thermal infrared measure was considered 
correct only when the difference between the 

temperature in the spot of the thermal image, and 

the temperature measured with the fine wire 
thermo-couples, was less than 200C.  
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This paper presents some representative infrared 
thermal image and the specific temperature graphics 

for buildings and pavements, and for vegetal 

materials, respectively. 

Results and Discussions 

 

Craiova’s MUHI took into consideration hot spots 
as very poor vegetated three people walking streets 

and Prefecture Square, determined by non-reflective 

and high thermal inertia of buildings materials, color 
and material of the pavement.  

The temperature, humidity and THI recorded in 
the hot spots are presented in Fig. 2: the 

temperature and relative humidity averages are 
44.560C, and 42.12%, respectively.  

Despite the low value of humidity, the THI 

average was 94.93, and the thermal discomfort 
sensation would have made necessary special 

protection measures. 
The air micrometeorological parameters in the 

hot spots can be compared with the ones recorded 

in English Park presented in Fig. 3. Due to trees 
canopy, temperature and relative humidity averages 

were 35.550C, and 46.88%, respectively. 

 

Fig.  2: Temperature, humidity and THI recorded in 
the hot spots 

 

Fig.  3: Temperature, humidity and THI recorded in 
English Park 

Even if the mean temperature was 90C lower and 
relative humidity 5% higher than in the hot spots, 

the THI average was 84.87 (10 units lower than in 

the hot spots), and the thermal discomfort sensation 
would have made necessary adequate protection 

measures. 
Comparisons between the experimentally 

measured temperatures (TEXP) and the temperature 

announced by National Administration of 
Meteorology (TNAM), and the difference between 

those temperatures (ΔT) are presented in Table 1. 

Table 1: Comparison between the experimentally 
measured temperatures and the temperature 
announced by National Administration of 
Meteorology 

Temperature, o C 

Date 13.07 14.07    15.07 16.07 22.07 

TNAM 32 34 34 33 32 

Hot spots 

   TEXP 41.33 44.17 44.94 42.98 41.84 

ΔT 9.33 10.17 10.94 9.98 9.84 

English Park 

   TEXP 33.92 35.33 35.77 34.65 33.46 

ΔT 1.92 1.33 1.77 1.65 1.46 

  Date 23.07 24.07 25.07 26.07 27.07 

  TNAM 33 34 36 35 36 

Hot spots 

   TEXP 43.27 45.11 47.35 46.94 47.69 

ΔT 10.27 11.11 11.35 11.94 11.69 

English Park 

   TEXP 34.34 35.91 37.38 36.39 37.93 

ΔT 1.34 1.91 1.38 1.39 1.93 

 

In the hot spots (three rehabilitated streets and 

Prefecture Square) the difference between 
experimentally measured temperature (TEXP) and 

the temperature announced by National 
Administration of Meteorology (TNAM) was ΔT = 

9.33…11.94oC, while in English Park it was only ΔT 
= 1.33…1.93oC. As expected, the real temperature 

at which the people are exposed while walking in 

the hot spots areas is much higher than that 
announced by NAM (mean 10.63oC), while the real 

temperature at which persons sitting or walking in 
English Park are exposed is only 1.6oC higher than 

that announced by the NAM. 

Natural surfaces utilize a relatively large 
proportion of the absorbed radiation in the 

evapotranspiration process and release water vapors 
that con-tribute to cool the air in their vicinity. In 

contrast, built surfaces are composed of non-
reflective and water-resistant construction materials, 

and consequently, they tend to absorb a significant 

proportion of the incident radiation, which is 
released as heat, and very large values for THI 

occurred. Vegetation intercepts radiation and 
produces shade that also con-tributes to reduce 

urban heat release. The decrease of parks vegetated 
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areas, not only reduces these benefits, but also 
inhibits atmospheric cooling due to horizontal air 

circulation generated by the temperature gradient 

between vegetated and hot spots urban areas. On 
the other hand, the narrow arrangements of 

buildings along the city’s streets form urban canyons 
that inhibit the escape of the reflected radiation 

from most of the three-dimensional urban surface to 

space. This radiation is ultimately absorbed by the 
building walls, thus enhancing the urban heat 

release and micro urban heat islands occurring. 
All the above considerations were better 

emphasized by thermal infrared remote sensing that 
was used to observe the surface of urban heat 

island as a reliable indicator of the atmospheric 

parameters of micro urban heat islands. 
Fig. 4 and Fig. 5 present representative thermal 

images and temperature graphics recorded for 
Panait Moşoiu Street where canyon effect was 

observed (no tree; white, light yellow and light 

orange colors for the buildings’ facades; dark gray 
and dark red colors for synthetic granite cubes of 

the pavement). 

 

Fig.  4: Thermal images and temperature graphics 
recorded in Panait Moşoiu Street buildings 

Even if the buildings’ facades are in light colors, 

the temperature of those surfaces was 35...52oC (in 

Fig. 4: Li2 and Li3). Due to dark colors of the 
pavement, the temperature of this surface was 

44.4... 53.6oC (in Fig. 4 and Fig. 5: Li1). Due to this 
very high value, even under the umbrella’s shady 

canopy the temperature was 37.9...44.3oC (Fig. 5: 
Li2) and on the child body into the baby trolley the 

temperature was also too high 38.1…45.1oC (Fig. 5: 

Li4). 
No one should wonder why on the wooden bank 

(dark brown color), presented in Fig 5 (Li3) no 
person was sitting, as long as the temperature was 

53.7...57.8oC. 

 

Fig.  5: Thermal images and temperature graphics 
recorded in Panait Moşoiu Street open space 

Not even under the umbrella’s shady canopy the 

temperature was unbearable at 41.5...44.2oC (Fig. 
5: Li5). When a sprinkle water fog system was 

installed on a pub’s external terrace, under the 

umbrella’s shady the temperature was more 
bearable at 35.7...37.3oC (Fig. 4: Li4). 

Thermovision emphasized the same canyon 
effect for Lipscani Street (no tree; white, light yellow 

and light orange colors for the buildings’ facades; 

dark white color for artificial marble tiles of the 
pavement), too. In thermal image and temperature 

graphics presented in Fig. 6 it is observed that even 
if the buildings’ facades and pavement’s, too, are in 

light colors, the temperatures of those surfaces were 

33.1...44.8oC(Li1) and 42.8...49.1 (Li2), respectively. 
When a sprinkle water fog system was installed 

on the pub‘s external terrace, the temperature 
under the umbrella’s shady, however was 

34...40.9oC (Li3). 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XIV, Issue 1 (June 2015), pp. 41-50 
http://dx.doi.org/10.5775/fg.2067-4635.2015.012.i 

47 forumgeografic.ro 

Very high temperatures were recorded on the top 
head of three walking persons, those maximum 

values reaching 45.9...48oC (Li4, Li5, Li6). 

 

Fig.  6: Thermal images and temperature graphics 
recorded in Lipscani Street 

The same canyon effect for Theodor Amann 

Street (very low vegetated; white, light yellow and 
light orange colors for the buildings’ facades; dark 

white color for artificial marble tiles and gray color 

for granite cubes of the pavement) was observed. In 
thermal image and temperature graphics presented 

in Fig. 7 it is observed that even if the buildings’ 
facades and pavement’s, too, are in light colors, the 

temperatures of those surfaces were 37.2...52.48oC 

(Li3) and 41.3...51.2oC (Li4), respectively. The 
temperatures on the tree’s crown was 38.8...42.9oC 

(Li1), and on the buildings’ facades shady by the 
tree was 34.7... 42.4oC (Li2), respectively, and the 

water sprinkle of the fountain was 27...33.5oC (Li5). 

Built surfaces (buildings’ facades; pavement) are 
composed of a high percentage of non-reflective 

and water-resistant construction materials. 
Consequently, they tend to absorb a significant 

proportion of the incident radiation, which is 
released as heat.  

As a result of the variable thermal properties of 

the urban construction materials, that in 
combination with the three-dimensional geometry of 

built-up surfaces modifies neighboring air 
temperatures.  

The narrow arrangement of buildings along the 
city’s streets forms urban canyons that inhibit the 

escape of the reflected radiation from most of the 

three-dimensional urban surface to space. This 
radiation is ultimately absorbed by the building 

walls, thus enhancing the urban heat release. On 
the other hand, light winds are not capable of 

driving turbulent exchanges of heat, while clear 

skies enhance cooling by allowing radiative heat loss 
to the relatively cold night sky. 

 

Fig.  7: Thermal images and temperature graphics 
recorded in Theodor Amann Street 

As a resultant consequence of all these 
considerations, in Prefecture Square (open space 

with a green park to the West; white, light yellow 
and light orange colors for the buildings’ facades; 

beige color of the synthetic granite tiles) a hot spot 

was observed. In thermal image and temperature 
graphics presented in Fig. 8 it is observed that even 

if the buildings’ facades and pavement’s, too, are in 
light colors, the maximum temperatures of those 

surfaces were 61... 61oC (Li1 and Li2) and 57.8oC 
(Li3), respectively. The temperatures on the walls 

(black color artificial marble) of the fountain’s water 

sprinkle was 27.2...37.7oC (Li4). 
By comparison with the above mentioned hot 

spots, Figure 9 presents a representative thermal 
image and temperature graphics for English Park. 

While on the shady Prefecture’s facade it was 

37.6 ...39.9oC (Li4), the temperature on the tree’s 
crown was 33.6...41.5oC (Li1), comparable when the 

sprinkle water fog system was installed on the pub’s 
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external terrace, when the temperature under the 
umbrella’s shadow, was 35.7...37.3oC (Fig. 4: Li4) 

and 34...40.9oC (Fig. 6: Li3) respectively, thus 

3.3...7.5oC lower than unbearable 41.5...44.2oC 
under the umbrella’s shadow  (Fig. 5: Li5). On the 

other hand, the temperature on the shady ground 
was 32.3...34.4oC (Li2) and 30.8... 34.2oC (Li3), thus 

10.5...23.4oC lower than the pavement in the above 

mentioned hot spots: 44.4...53.6oC (in Fig. 4 and 
Fig. 5: Li1), 42.8...49.1 (Fig. 6: Li2), 41.3 ...51.2oC 

(Fig. 7: Li4) and 48.3...57.8oC (Fig. 8: Li3).  

 

Fig.  8: Thermal images and temperature graphics 
recorded in Prefecture Square 

In order to reduce the hot spots effects into the 

micro urban heat islands, two strategically methods 
are recommended: light colors for pavement and 

buildings’ facades, and vegetation increasing that, in 
the same time, contribute to decrease the urban 

pollution levels, respectively. 
In a large measure, the rehabilitation of the 

streets analyzed in this paper took in consideration 

the use of the light colors for built surfaces 
(buildings’ facades; pavements).  

Unfortunately, due to their non-reflective 
characteristics, all construction materials that have 

been used for this rehabilitation absorb the incident 

radiation, that is subsequently released as heat. 
Prefecture Square is the main public square of 

the city used especially for social, political and 
cultural activities. Therefore when it was designed, 

no vegetation was possible. 

 

Fig.  9: Thermal images and temperature graphics 
recorded in English Park 

In all the hot spots, a simple method that reduce 

the reflected radiations’ escape from the buildings’ 

walls to neighborhoods, consists in permanent or 
temporary retractable roofs that realize shady zones, 

similar with the ‘’velarium’’ that, more than 2000  
years ago, covered the Coliseum in Rome.  

In order to decrease the pavements’ temperature 

in the hot spots both in the Prefecture Square and 
on the rehabilitated streets, an operative, efficient 

and low cost method would be used: a water 
sprinkling small car, or temporary water sprinkling 

system similar with the one used for lawn sprinkling. 

Urbanism architects who contributed to this 
rehabilitation design should have taken into account 

that in the past 15 years, the summer months in 
Craiova have become increasingly warmer.  

Here it should be mentioned that in the total area 
of 8600m2 of the analyzed streets, there are only 27 

trees. This very poor vegetated area in the hot spots 

contributes in large measure to the high 
temperatures and thermal discomfort sensation that 

people have to support.  

Conclusion 

According to the National Administration of 

Meteorology, the month of July 2015 will represent 

one of the longest period with canicular 
temperatures in the last decades. 
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In many regions of Romania, and in Oltenia and 
in Craiova city, too, yellow or orange code warning, 

had to be declared. 

Therefore, to determine thermal discomfort 
sensation felt by the population of Craiova, 

experimental research concerning 
micrometeorological measurements of real 

temperature and relative humidity those contribute 

to the local Temperature - Humidity Index was 
performed.  

According to the experimental research results, 
confirmed by using thermovision too, four hot spots 

(three rehabilitated streets and Prefecture Square) 
were identified in the down town of Craiova.  

Despite the low mean value of relative humidity 

(42.12%), due to the temperature’s high mean 
value (44.560C), in these hot spots the THI average 

was 94.93, and the thermal discomfort sensation 
would have made necessary special protection 

measures.  

The same air micrometeorological parameters in 
the hot spots were compared with the ones 

recorded in English Park where due to trees’ 
shadow, temperature and relative humidity averages 

were 35.550C, and 46.88%, respectively. Even if the 
mean temperature was lower with 90C and relative 

humidity with 5% higher than in the hot spots, the 

THI average was 84.87 (10 units lower than in the 
hot spots), and the thermal discomfort sensation 

would have made necessary adequate protection 
measures.   

The experimental results confirm that due to the 

variable thermal properties of the construction 
materials (building, pavements) combined with the 

three - dimensional geometry of built-up surfaces, 
the neighboring air temperatures increase. 

In the same time, the narrow arrangement of 

buildings along the streets determines urban 
canyons occurring, that inhibit to space the reflected 

radiation’s escape from the three - dimensional 
buildings’ shape and pavements’ surfaces.  

This radiation is absorbed by the building walls 
and the pavement, thus enhancing heat’s release 

from the micro urban hot spots. On other hand, very 

light winds are not capable to obtain heat’s turbulent 
exchanges, while clear skies enhance cooling by 

allowing radiative heat loss. 
Vegetal surfaces utilize a relatively large 

proportion of the absorbed radiation in the 

evapotranspiration process and release water vapors 
that contribute to the air cooling in their vicinity.  

Vegetation intercepts radiation and produces 
shade that also contributes to heat’s release 

reducing. The decrease of parks vegetated areas, 
not only reduces these benefits, but also inhibits 

atmospheric cooling due to horizontal air circulation 

generated by the temperature gradient between 
vegetated and micro urban’ areas hot spots.  

In contrast, built surfaces are composed of non-
reflective and water-resistant construction materials, 

and as consequence, they absorb a significant pro-

portion of the incident radiation, which is released 
as heat, and very large values for THI occurred. 

According to these considerations, in order to 
decrease the pavements temperatures in the hot 

spots, an operative, efficient and low cost method 

consisting in water sprinkling could be used. 
In order to increase the vegetation surfaces in 

micro urban hot spots of Craiova city, a long term 
and expensive method would be to plant new young 

trees and to wait several years the crown growing, 
or to replant old trees from botanical parks and tree 

nurseries.  

A cheaper and shorter term method would be to 
use permanent or temporary vertical walls and 

modular roofs made by ornamental green 
vegetation. 

In order to increase the vegetated area in the 

micro urban hot spots, that will determines 
pollution's decrease, too, there are necessary near 

future concerted efforts of a consortium built of 
urbanism architects, meteorologists, ornamental 

plants and trees specialists and environment urban 
pollution engineers. 
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Abstract 

This study focuses on a geographical area with historical 
connotations, located in the internal curvature of the Carpathians.  
The prospects of transport network in this area are geographically 
conditioned mainly by the morphodynamics of the surrounding 
relief. The working methodology was based on the ArcGIS 
analysis of four main factors for the transport infrastructure: 
geodeclivity, lithology, pedology and land use. The land suitability 
analysis must represent the preceding stage of any infrastructure 
project because it perfectly highlights the degree of favourability 
of new designed routes and exempts from any additional costs for 
maintenance, rehabilitation and redesign in the post construction 
stage, improving the project reliability prediction. The land 
suitability for the transport infrastructure is an issue of present 
interest for this region since in the last century the transport 
network has exponentially diversified and expanded, more 
pronounced and accelerated in recent years, due to increased 
road and railway traffic. This global trend requires the resize and 
adaptation of the transport infrastructure to the new mobility 
needs of society. With this development, the areas suitable for the 
transport infrastructure have high urban saturation. Thus, new 
routes are necessary on less suitable lands that must be analyzed 
for the optimization and sustainability of new routes converging in 
the Bârsa Country. The final map resulting from the GIS analysis 
provides the focused area with positive prospects for the transport 
infrastructure development, particularly in the depressionary area, 
new routes of moderate suitability being outlined for the 
mountainous area.  

Keywords:  land suitability, infrastructure project, GIS 

analysis, Bârsa country 

Rezumat. Model de analiză generală a pretabilității 
terenurilor pentru noile proiecte de infrastructură 
din Țara Bârsei (România) 
Demersul acestui studiu se concentrează pe un spațiu geografic cu 
valențe istorice, situat în zona de curbură internă a Carpaților. 
Perspectiva căilor de comunicație în acest spațiu este condiționată din 
punct de vedere geografic, în primul rând de morfodinamica reliefului 
înconjurător. Metodologia de lucru s-a bazat pe analiza în ArcGIS a 
patru factori principali pentru infrastructura de transport: 
geodeclivitatea, litologia, pedologia și modul de utilizare al terenurilor. 
Analiza pretabilității terenurilor trebuie să reprezinte etapa 
premergătoare a oricărui nou proiect de infrastructură, pentru că 
aceasta reliefează perfect gradul de favorabilitate al noilor rute 
proiectate și scutește eventuale costuri suplimentare de mentenanță, 
reabilitare și remodelare din faza postconstrucție, îmbunătățind 
prognoza de fiabilitate a proiectelor. Pretabilitatea terenurilor pentru 
infrastructura de transport constituie o problemă de actualitate pentru 
această regiune deoarece în ultimul secol rețeaua de căi de 
comunicație a cunoscut o diversificare și o extindere exponențială, tot 
mai accentuată și mai accelerată în ultima perioadă, datorită 
intensificării traficului rutier și feroviar. Această tendință manifestată 
de altfel la nivel global impune redimensionarea și adaptarea 
infrastructurii de transport la noile nevoi de mobilitate ale societății.  
Odată cu această dezvoltare, zonele pretabile infrastructurii de 
transport prezintă un grad ridicat de saturație edilitară, astfel încât 
sunt necesare noi rute de legătură pe terenuri mai puțin pretabile care 
trebuie analizate pentru optimizarea și sustenabilitatea noilor trasee 
de convergență din Țara Bârsei. Harta finală rezultată în urma analizei 
GIS oferă arealului focalizat perspective pozitive de dezvoltare a 
infrastructurii de transport, îndeosebi în spațiul depresionar, pentru 
zona montană conturându-se noi rute cu pretabilitate medie. 

Cuvinte-cheie: pretabilitatea terenului, proiect de 

infrastructură, analiză GIS, Țara Bârsei 

 

Introduction 

The land suitability analysis must represent the 

preceding stage of an infrastructure project because 
this perfectly highlights the favorability of certain 

designed routes and exempts from possible 
maintenance, rehabilitation and redesign costs in the 

post construction stage, improving the project 

reliability prediction.   
The new infrastructure motorway-type projects, 

with parameters calibrated for heavy traffic require 
open areas, without shrub vegetation or any type of 

constructions, and with very low risk levels. 

International studies are developed on dynamics 
of urban areas (Engelen et al., 2007), or with 

interest for accessibility aspects (Geurs & van Wee, 

2004). Furthermore, taking into account 

multicriterial factors, Lingjun, Zong and Yan (2008) 
described a methodology for assessment of rural – 

urban planning and examples may continue. In 
Romania, land suitability for the new transport 

infrastructure was studied by Dobre (2011). In his 

methodology, focused on Prahova Corridor, Dobre 
included three factors: geodeclivity, lithology, and 

land use (Dobre, 2011). 
The present study aims to be an applied 

geography one for an area with historical meanings. 

The study area of the Bârsa Country (Fig. 1) is 
located in the central-eastern part of Romania, in 

the internal part of the Carpathian arch, at the 
contact between the Meridional Carpathians and the 

Eastern Carpathians and occupying an area of 
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2280.69 sq km.  The limit of 363.7 km spreads 
mainly on the watershed (92.5% - 336.4 km) and 

partially in the low floodplain (7.5% - 27.3 km). 

 

Fig. 1: General map of the Bârsa Country 
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Working methodology 

Geomorphology together with geological 
features, land cover and economical limitations were 

considered the most restrictive factors in 

infrastructure planning (Mihai, Dobre, & Săvulescu, 
2014).  

For the land suitability map in the Bârsa Country 
(Fig. 1) we identified and analysed four factors 

significant for the transport network distribution: 
lithology, geodeclivity, pedology and land use. 

In a detailed case study research for a certain 

infrastructure project other impact factors, such as 
climatic, hydrological or seismic factors can be 

analysed, but for the general map of land suitability 
for the new infrastructure projects we chose the 

mentioned factors, which we considered defining for 

our objective. Each of the four factors was 
individually analysed (Fig. 2). 

 

 

Fig. 2: The methodological schema for modeling land suitability map for the new transport infrastructure 
projects 

The obtained cartographic maps were reclassified 

in stages, according to the attributes of the analysed 
elements. Thus, in the attribute table of each map 

marks on a scale of 1-10 were assigned to each 
element. These marks quantify the suitability for the 

transport infrastructure of a polygonal surface. The 
same mark can be assigned to one or more 

surfaces. The suitability value is directly proportional 

to the assigned marks.  
After suitability-based reclassification four 

simplified maps resulted and they were rasterized 

and interpolated, the final map highlighting our 

objective. The GIS formula for the final raster (land 
suitability for the transport infrastructure) was: 

HP=0,40*HPG+0,25*HPU+0,20*HPL+0,15*HPS, 
where: 

- HP represents the suitability general map; 
- HPG represents the geodeclivity suitability map; 

- HPU represents the land use suitability map; 

- HPL represents the lithology suitability map; 
- HPS represents the pedology suitability map. 
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We reclassified this last cartographic map into 
four classes of suitability values, emphasized by the 

colour scheme we used: 

- high suitability lands; 
- moderate suitability lands, where land planning is 

useful; 
- low suitability lands, which require extensive planning; 

- unsuitable lands, which imply special planning and 

high maintenance costs in the post construction stage. 
At a macro scale, an exhaustive research can be 

carried on, taking into account a single 
infrastructure project, with more data within a 

cartographic analysis, because several important 
objectives of environmental geomorphology in 

planning and environmental management are: the 

use of geomorphological knowledge  (Panizza, 
1996), prediction of geomorphological processes  

(Rădoane & Rădoane, 2003), vulnerability 
assessment, risk and suitability relief, as part of the 

land for the needs of society  (Mihai, 2003). 

a. The geological factors 
Geologically, the transport infrastructure 

suitability must be approached in a complex way 

because the Bârsa Country has different tectonic 
and lithologic areas. It is noted that there are 

contrasting suitability areas in the northern 

depressionary sector and the southern mountainous 
sector. 

When analysing the lithologic suitability for the 
transport infrastructure we started from the 

geological map, which we digitized and vectorized 

before we reclassified it into 18 different general 
classes of rocks, represented by a suitable colour 

distribution and individually marked with standard 
abbreviations for the new map (Fig. 3). 

Finally, we moved to a new reclassification by 
assigning lithologic suitability values, according to 

the share of negative influence over transport 

infrastructure for each of the 18 rock classes in the 
Bârsa Country. The suitability values range from 1 to 

10, inversely proportional to the share of influence 
for the transport infrastructure (1% -100%). For 

example, for 20% negative influence in the 

transport network distribution, the grade 8 is 
assigned to the lithologic class (Table 1). 

 

Table 1 Bârsa country – correspondence table between lithological classes and their 
suitability for the new transport infrastructure 

LITHOLOGY SHARE OF SUITABILITY INFLUENCE (1-100%) SUITABILITY MARK (1-10) 

Current sediments 20 8 

Terrace deposits 20 8 

Metamorphic rocks 40 6 

Conglomerates and sandstones 40 6 

Conglomerates and limestone 40 6 

Shales 60 4 

Marls and sandstones 60 4 

Clay rocks and marls 80 2 

   

 
Four suitability value groups resulted through 

reclassification: 
- current sediments and terrace deposits, which 

represent the foundation for almost 80% of the 

current transport infrastructure, were grouped into 
the superior suitability value class. Despite low 

hardness, these are arranged in horizontal layers 
with very low declivity, in favour of transport 

infrastructure sustainability. 
- metamorphic rocks, conglomerates, sandstones 

and limestone were grouped in an above-average 

value class, because of high hardness and the 
stability they give to the transport infrastructure on 

low declivity lands. Their favourability is reduced by 
another analysed factors, such as high declivity and 

high relief energy that are characteristic of such 

lithologic areas. 
- shales, marls and sandstones were placed on 

an inferior value level, because of their high  

 
friability; they are typical of areas with intense 

lithologic degradation. Declivities above 30° - 40°, 
together with climatic and hydrologic factors, favour 

geomorphological slide processes of lithologic 

masses. Consequently, landslides that may threaten 
the transport infrastructure can occur on these 

surfaces. 
- because of their excessive friability clay rocks 

and marls are typical of lands unsuitable for 
transport infrastructure, especially if they are 

influenced by another factors, such as 

geomorphological, climatic or hydrologic.  
The analysis of lithologic stability, seen through 

the relationship rock-water (friability level) – slope, 
reflects the land resistance level to natural or 

anthropic factors, thus emphasing the dependence 

between land suitability level and the geological 
substratum (Dobre et al., 2011). 
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Fig. 3: The Bârsa Country – the lithological suitability map 
(Source: data processing GeoServer opengis.unibuc.ro) 

b. The geomorphological factors (slopes) 
As can be seen from the analysis of floodplain or 

slope geomorphological processes, the slope plays a 
major role in the dynamics of these processes. Thus, 

we consider useful to quantify the geomorphological 
factor in the interpolated analysis of land suitability 

for the transport infrastructure by evaluating land 

geodeclivity in the Bârsa Country in relation to the 
transport infrastructure. 

 In order to emphasize the influence slope has on 
the beginning of geomorphological processes several 

limit declivity levels were established (Popescu, 

quoted by Oprea, quoted by Dobre, 2011):  
- 3° - the inferior level for the beginning of 

pluvio-denudation processes; 
- 7°–8° the inferior level for the beginning of 

ravination and landslides processes;  
- 15° the value from which these processes 

become more intense;  

- 30°-32° the stabilization level of scree on slope; 
- 50° full erosion of pedological layer. 

These limits are subjective, Grigore (1979, 
quoted by Dobre, 2011) setting limits with 

significant variations in comparison with those 

mentioned above, where the inferior limit of 
landslides is of 11°. 

A declivity suitability map for the transport 
infrastructure in the Bârsa Country was created 

through reclassification on the basis of the slope 
map (Fig. 4). Thus, according to the negative 

influence geodeclivity values have on the transport 
infrastructure (the increase in value leading to more 

intense geomorphological processes) we established 
a direct correlation with the suitability level for the 

transport infrastructure. The suitability values were 

set in the range 1-10 (Table 2), inversely 
proportional to the share of influence for the 

transport infrastructure (1%-100%). For example, 
lands with declivities above 30° have a 90% 

negative influence on the transport infrastructure, 

the suitability grade being 1.  
The 0° – 5° slope has maximum suitability for the 

transport infrastructure. This slope characterizes over a 
third of the Bârsa Country, the majority of the 

transport infrastructure being concentrated on almost 
flat lands from the depressionary area.   

The transport infrastructure suitability level 

corresponding to the 5° - 10° slope is 8 . These lands 
cover a fifth of the Bârsa Country, but the 

communication network density is less dense than in 
the previous case. 

The 10° - 15° slope was assigned the grade 6 

because of the intensification of slope processes, which 
lead to a lower transport infrastructure density. The 

lands with this slope cover 16,39% of the Bârsa 
Country.  
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The 15° - 20° slope has low suitability, with a 
corresponding 4 value, such lands requiring special 

planning, such as winding roads, for the transport 

infrastructure.  
The 20° - 30° slope is even less suitable, fluvial 

erosion being intense on these lands and slope 
dynamics being more active. We have to mention that 

the Transcarpatica Road Project passes over such 

areas, semifixed debris flow being an impediment on 
the initial project route.  

More than 30° slope is represented here and there, 
being completely unsuitable for the transport 

infrastructure. On these lands with high relief energy, 
even tourist paths have special planning such as metal 

anchors, called chains, these being useful for climbing 

and making isolated areas situated at high altitudes 
accessible. 

Looking at the slope suitability map for the 
transport infrastructure we can see the contrast 

between the southern and northern area, as well as 

the high favourability level of the central depressionary 
area.

Table 2 The Bârsa Country – correspondence table between declivity degree and its 

suitability for the transport infrastructure  
GEODECLIVITY INTERVALS SHARE OF SUITABILITY INFLUENCE (1-100%) SUITABILITY MARK (1-10) 

0°-5° 0 10 

5°-10° 20 8 

10°-15° 40 6 

15°-20° 60 4 

20°-30° 80 2 

>30° 90 1 

 

 

Fig. 4 The Bârsa Country – slope suitability map for the transport infrastructure 
(Source: ASTER GDEM – a METI & NASA product) 

c. The pedological factors 

The soil suitability analysis according to typology 
for the transport infrastructure is essential especially 

for the Bârsa Country, where we find soils that 

impose a special restrictiveness on transport 
infrastructure and on any type of anthropization. 
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For this type of analysis we used Romanian soil 
map with a scale of 1:200000, made by ICPA 

between 1963-1994. Authors Florea and Munteanu  

(Florea, Munteanu, & et ali, 2003) (Florea N. M., 
2012) upgraded this map by introducing a unique 

legend (SRTS). From the total of 50 maps, we used 
the maps for the Bârsa Country, namely no. 28, 

made in 1975 and map no. 20 made in 1990. As 

regards the pedological taxonomy we preferred to 
use SRCS, which is more often used than SRTS, 

showing correspondence just in certain cases.  
The edaphic substratum of the Bârsa Country is 

particularly complex because of differential and 
contrasting amplitude depending on the morphometric 

parameters for every factor that influenced the process 

of pedogenesis. Zonal soils have a relatively radial-
concentric distribution, influenced by relief, lithology, 

hidrology and bioclimatic factors. 
In the depressionary area of the Bârsa Country 

the pedological factors greatly depend on the 

hydrological factors. In the land suitability analysis 
for the transport infrastructure, soil quality research 

plays a key role, particularly because the 
depressionary area is crossed by the Olt River, flat 

surfaces, adjacent to the floodplains being often 
flooded, especially in the past. Thus, under 

conditions of poor drainage, the gleying and 

pseudogleying processes intensified on large areas. 
These processes are obvious in the lower basins of 

the Olt River: Bârsa, Timiș, Tărlung. On such 
substratum with rich water intake mesotrophic, 

especially eutrophic swamps developed in the 

nearby localities: Prejmer, Feldioara, Bod and 
Hărman. There used to be wet lands in Stupini 

Commune too, but with the expansion of buildings 
and the inclusion of this ATU in the metropolitan 

area of Brașov the swamps were drained, the land 

being completely anthropized.  
The Olt floodplain and the confluence area with 

Râul Negru and Bârsa represent areas of interest in 

this study, the soil profile being overwetted because 
of very poor natural drainage. The complex channel 

drainage system made in the past half-century 

succeeds in creating a hydrological balance 
especially in spring and winter when, because of 

water flow increase, the floodplain used to be 
inundated. This way, large areas were introduced in 

the agricultural use. Nowadays the soils continue to 

be deteriorated, the characteristics given by the 
hydrological factors that kept on acting until 1974 

could not be modified in only 40 years, the 
pedogenesis process being a complex one.  

The eutrophic swamps in Prejmer and Hărman 
were integrated due to the natural ecosystems they 

house in the protected areas system (SCI) Natura 

2000, in 2007, with Romania’s accession to the 
European Union.  Due to the avifauna, lands with 

hydromorph soils and the lake system in Dumbrăvița 
and Rotbav were also integrated into the network of 

protected natural areas system (SPA) Natura 2000. 

In order to emphasize pedological suitability in 
relation to the transport infrastructure we 

reclassified the soil map according to the intensity of 
gleying processes (permanent hydric excess that 

continually influences soil deterioration) and 
pseudogleying (intermittent hydric excess, as a 

result of the rainfall regime).  

We took the value intensity of these two 
processes from the table with attributes of the digital 

map SIGSTAR-200 made by ICPA. The intensity 
values of these processes show the deterioration level 

of soils according to the hydric excess. The impact on 

the transport infrastructure varies from process to 
process, gleying being permanent and pseudogleying 

temporary. That’s why we identified different shares 
of influence for the transport infrastructure 

development in the table of correspondence for the 

intensity of these two processes (Table 3). We 
transformed these shares of influence into suitability 

values, ranging from 4 to 10.  
 

Table 3 The Bârsa Country - correspondence table between the intensity of 
gleying/pseudogleying processes and soil suitability for the transport infrastructure   

GLEYING INTENSITY PSEUDOGLEYING INTENSITY SHARE OF SUITABILITY INFLUENCE MARK SUITABILITY 

 Null 0 10 

Null Low 0 10 

Low Moderate 0 10 

Moderate High 20 8 

High  40 6 

Very high  60 4 

 
The lowest values correspond to areas most 

affected by the intensity of both processes, these 
soils being less suitable for the transport 

infrastructure.  

Analysing the map (Fig. 5) resulted after 
reclassification, we can see that the least suitable 

soils for the transport infrastructure are arranged in  
 

the subsident floodplain, in the large Olt confluence 
area between Râul Negru and Homorod, isolated 

unsuitable areas of various surfaces being 
delineated. There are such lands downstream Olt 

too, in Belinul Mare Stream confluence area. There 

are also areas with relatively low suitability in the 
floodplains of the following streams: Turcu, 

Vulcănița, Valea Seacă and Valea Cetății. 
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Fig. 5 The Bârsa Country – soil suitability map for the transport infrastructure  
according to the intensity of gleying / pseudogleying processes 

(Source: SIGSTAR-200) 

d. Land use 

Land use analysis is important for the suitability 

study because it emphasizes the corridors or 
concentration areas of the current infrastructure, as 

well as areas with a high or low level of 
anthropization, lands suitable for the transport 

network expansion being highlighted. 

For the analysis we used the reference European 
Corine Land Cover 2006 database, available on the 

portal EEA -  European Environmental Agency (EEA, 
2006), reprojected in the Stereographic 1970 

coordinate system and orthophotomaps  (ANCPI, 
2005). This database was created and improved 

with the contribution of The Romaniam Ministry of 

Environment and Sustainable Development and The 
European Environment Agency. 

According to statistics (table 4) anthropized lands 
cover 129 362,09 ha, representing 56.71% of the 

total area of the Bârsa Country (228 069 ha), and 

the natural lands (the forest  fund) just 43.29%. The 
surface of the lands occupied by the transport 

infrastructure are found in the difference between 
the data on the last and penultimate columns. In 

fact, this difference represent the surface of the 

lands not included in the agricultural use. We 

estimate that the transport infrastructure (10 000 
ha) represents 1/3 of the total of 35 573.1 ha, the 

rest including surfaces with flowing waters and 
lakes. 

Agricultural lands have the highest favourability 

within the new projects, followed by meadow areas, 
with superior suitability values in the 

correspondence table (Table 5). 
In the case of floodplains and built-up areas the 

analysis must take into account two important 
aspects, related to altitude and landscape 

configuration, which give the Bârsa Country a 

contrasting morphological favourability. 
In the altitudinal zone situated above the 800 m 

isohypse floodplains must be considered viable 
alternatives for infrastructure project development, 

the relief energy specific to the adjacent 

morphological units emphasizing the floodplain 
favourability in the mountainous areas, which 

receive a moderate suitability level. 
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Table 4 The Bârsa Country – 2010 Census of Agriculture   

N

o. 
Locality Zone 

Arable land 

(ha) 

Allotment 

gardens 
(ha) 

Grasslands 

and hayfields 
(ha) 

Permanent 

crops (ha) 

Agricultural 

land used 
(ha) 

Agricultural 

land non-used 
(ha) 

Agricultural 

land 
(ha) 

Total 

exploitation 
surface 

1 The municipality of BRAȘOV 1 3571.73 9.33 3319.49 77.86 6978.41 113.63 7092.04 7204.69 

2 The municipality of CODLEA 1 1962.47 15.17 1102.21 221.17 3301.02 93.75 3394.77 3535.64 

3 The municipality of SĂCELE 4 1968.81 28.84 5921.55 8.55 7927.75 190.23 8117.98 20900.04 

4 City of ZĂRNEȘTI 5 1002.45 49.56 2793.14 4.30 3849.45 796.94 4646.39 4972.21 

5 City of RÂȘNOV 5 1392.90 3.20 1499.86 1.40 2897.36 2820.91 5718.27 6017.87 

6 City of GHIMBAV 1 638.11 5.17 541.91 1.79 1186.98 29.93 1216.91 1228.72 

7 City of PREDEAL 1 2.05 0.33 384.88 0.00 387.26 0.87 388.13 4562.24 

8 BOD 1 1486.85 21.77 623.51 0.00 2132.13 9.75 2141.88 2167.49 

9 DUMBRĂVIȚA 1 182.01 22.42 2560.04 0.57 2765.04 733.92 3498.96 3500.73 

10 FELDIOARA 1 2075.53 15.22 1209.71 0.80 3301.26 57.26 3358.52 3360.55 

11 HALCHIU 1 2530.99 17.94 918.18 0.23 3467.34 139.69 3607.03 3666.50 

12 MAIERUȘ 1 1015.01 19.03 1849.13 0.41 2883.58 64.17 2947.75 5781.50 

13 SÂNPETRU 1 1287.84 21.87 730.02 36.19 2075.92 194.75 2270.67 2667.62 

14 VULCAN 1 967.27 11.26 1375.90 4.88 2359.31 579.41 2938.72 2978.07 

15 CRIZBAV 1 1201.05 16.14 574.14 8.74 1800.07 414.83 2214.90 2280.33 

16 APATA 3 542.69 22.48 1508.01 0.00 2073.18 134.62 2207.80 2235.58 

17 ORMENIȘ 3 400.25 11.91 1066.27 0.00 1478.43 51.30 1529.73 1546.09 

18 BUDILA 4 573.58 22.67 1137.13 8.38 1741.76 46.49 1788.25 2086.36 

19 HARMAN 4 2489.93 21.49 733.94 0.91 3246.27 182.52 3428.79 3484.21 

20 PREJMER 4 2303.44 71.32 1534.78 2.57 3912.11 57.08 3969.19 6026.76 

21 TÂRLUNGENI 4 1723.31 44.77 2709.73 2.30 4480.11 169.48 4649.59 10783.01 

22 TELIU 4 523.76 40.83 1111.33 5.08 1681.00 170.26 1851.26 1870.64 

23 BRAN 5 18.26 10.34 4300.87 1.40 4330.87 259.62 4590.49 4713.20 

24 CRISTIAN 5 644.52 9.28 268.78 0.00 922.58 40.17 962.75 991.04 

25 FUNDATA 5 1.82 2.26 2940.44 0.51 2945.03 34.53 2979.56 3024.27 

26 MOIECIU 5 3.33 5.32 4813.73 5.76 4828.14 118.55 4946.69 5124.13 

27 BELIN 2 345.67 35.87 1223.78 2.23 1607.55 185.45 1793.00 5570.15 

28 HĂGHIG 2 258.19 28.67 1568.56 0.57 1855.99 274.18 2130.17 2118.17 

29 VÂLCELELE 2 589.76 67.89 2360.38 0.48 3018.51 390.29 3408.80 4964.28 

TOTAL 31703.58 652.35 52681.40 397.08 85434.41 8354.58 93788.99 129362.09 

(Source: County Department Of Statistics Brașov   /Covasna )  

Table 5 The Bârsa Country – correspondence level between land use classes and their 

suitability for the new transport infrastructure  
TYPOLOGY OF LAND USE SHARE OF SUITABILITY INFLUENCE (1-100%) SUITABILITY MARK (1-10) 

Agricultural land 20 8 

Grasslands 30 7 

Floodplains (>800 m alt) 40 6 

Built-up areas (>800 m alt) 40 6 

Grasslands 50 5 

Orchards 60 4 

Forests 60 4 

Floodplains (<800 m alt) 80 2 

Buil-up areas (<800 m alt) 80 2 

Swamps/Rocky regions 80 2 

 
Built-up areas situated at altitudes greater than 

800 m have dispersed villages, providing space for 
the expansion of new infrastructure projects. This is 

the reason why these areas, specific to Bran-
Fundata Corridor, received above average suitability 

values. 

Grasslands, orchards and forests, with the 
increase of tree density, were evaluated as areas of 

moderate restrictiveness because the infrastructure 

projects in forested areas require significant costs 

and they have a negative impact on the 
environment. 

The floodplains situated in the altitudinal zone 
below the 800 m isohypse have different 

characteristics. The strong water flow rise in spring 

and summer, sometimes even in autumn as a result 
of prolonged rains, implies increased flood risk for 

the transport infrastructure and built-up areas 
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situated in floodplains. That’s why these areas were 
negatively evaluated in terms of land suitability for 

the future infrastructure projects. 

The arrangement of human settlements in the 
depressionary area, below the 800 m isohypse, 

imposes special restrictions for the new transport 
infrastructure. Compact, nucleated villages, such as 

those with German architecture, specific to the 

depressionary area contrast sharply with dispersed 
settlements in the Bran – Fundata Corridor. This is 

the reason why we negatively evaluated these very 

restrictive areas in terms of suitability for new 
infrastructure projects.  

Swamps and rocky regions were classified as 

areas with very high level of restrictiveness, the 
anthropization of the former having a negative 

impact on natural ecosystems specific to these 
lands. 

The map resulted after reclassification (Fig. 6) 

emphasizes the land suitability level for the new 
infrastructure projects on the basis of land use, 

quantifying the restrictiveness level of classes of 
elements from the initial map. 

 

Fig. 6 The Bârsa country – land suitability for the new infrastructure projects according to usage 
(Source: data processing EEA 2006, ANCPI 2006) 

Conclusion 

Cartographic modeling of land suitability for the 

transport infrastructure represents one of the 
objectives of this study. The mentioned 

methodology and the factors analysed so far provide 

the basis for these carthographic materials. The 

accuracy level of the map is influenced by the share 

of the factors in the interpolated calculation formula 
of the land suitability for the transport 

infrastructure:  

HP=0,40*HPG+0,25*HPU+0,20*HPL+0,15*HPS. 
The four chosen factors, declivity (HPG), land use 

(HPU), lithology (HPL) and pedology (HPS), outline 
the general land suitability for the transport 
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infrastructure. Other factors with high restrictiveness 
can be overlapped on the resulted map. The share 

of each of the factors in the formula was chosen 

according to their impact on suitability.  
Even if we took into account only the four 

factors, the resulted map (Fig. 7) emphasizes the 
limited expansive potential for the new 

infrastructure projects, especially in the 

mountainous area and the depressionary area, the 
mid-southern area being more favourable.  

For map validation we overlapped the new major 
infrastructure projects and in the case of those 

lacking feasibility studies we tried to suggest a route 
as sustainable as possible and on sites as suitable as 

possible.When designing new routes we took into 

account the basic parameters of each project. In the 
case of motorways, the route must be calibrated for 

intense traffic and high speed, the site for such 
projects being able to assure these parameters. The 

mountainous area raises the biggest problems and 

therefore we tried to offer alternatives to the current 
projects. 

 

Fig. 7 The Bârsa Country – land suitability map for the new transport infrastructure projects 

On this map (Fig. 8) we overlapped the protected 

natural areas with high level of restrictiveness for 

the transport infrastructure. Out of these, the 
avifauna conservation sites (SPA) were not marked. 

These are spaces that can be used through special 
procedures for new transport infrastructure projects 

planning because of their protected elements.  
The overlap of new projects and land suitability 

map for the transport infrastructure reveals the fact 

that the new access routes can still be designed on 

favourable lands from the perspective of the factors 

we took into account when we created the map. 
Spaces with expansion potential for new projects are 

outlined after the overlap of the current 
infrastucture network. 

In the case of the future motorway Predeal-
Brașov or the tourist road Transcarpatica, the route 

can suffer some modifications for a maintenance as 
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easy and sustainable as possible after the 
completion of these projects. 

As regards the land suitability map for the 

transport infrastructure, the current network 
overlaps in acceptable limits on the most suitable 

areas, approximately 75%. 
For the new projects without feasibility studies, in 

chapter three we tried to outline routes on lands as 

suitable as possible, whereas for projects with 
feasibility studies we tried to offer alternative routes 

on lands as favourable as possible. 
This cartographic material emphasizes the areas 

with dynamic potential for the transport 
infrastructure by adding the main hydrographic 

network and doubling the element built-up area of 
the land use factor.  

The new infrastructure transport projects must 

be connected to the conditions imposed by land 
morphodynamic factors and the legislative 

framework established by structures and 
organizations of protection and conservation of 

biodiversity elements, nature being the only and the 

most precious inheritance of humanity. We must 
take into account the fact that 28% of CO₂ 
emissions come from the means of transport, and 

this value keeps growing compared to other 
industrial pollution sources (Chapman, 2007). 

    

 

Fig. 8 The Bârsa Country – final land suitability map for the new transport infrastructure projects 
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Abstract 

There were realized numerous geographical, sociological and 
economic studies with special regard to land use change on the 
territories around Bucharest Municipality. Our paper is focused on 
the dynamics of the spatial patterns of land use types in the post-
socialist period at the level of first tier of administrative-territorial 
units (towns and rural communes). The boundaries of the study 
area were defined from the viewpoint of the rural-urban fringe 
approach. We applied methods of multivariate statistics and 
hierarchical agglomerative clustering in order to identify changes 
in the distribution and use of land resources. Our findings confirm 
previous achievements about uneven development of the 
Bucharest’s outskirts and provide more details with regard to 
changing land use patterns. Thus, we identified and confirmed the 
opposition between north and south, different spatial patterns of 
land use distribution between internal and external periphery of 
the study area. We believe that reducing these differences 
through a balanced economic development policy would generate 
development opportunities for both the capital city and 
settlements in its suburban area. In order to obtain better results, 
each of the resulted land use cluster requires tailoring of the 
general economic development policy to its specific needs. 

Keywords: rural settlements, rural-urban fringe, urban sprawl, 

urbanization, Romania 

Rezumat. Modificările în modul de utilizare a 
terenurilor într-o zonă suburbanizată: Studiu de 
caz al municipiului București 

Pentru teritoriile din jurul Bucureștiului au fost realizate în trecut 
numeroase studii geografice, sociologice și economice, care pun 
un accent special pe modificările în modul de utilizare a 
terenurilor. Articolul nostru se axează pe dinamica distribuției 
spațiale a categoriilor de utilizare a terenurilor în perioada post-
socialistă la nivelul unităților administrativ-teritoriale de primul 
nivel (orașe și comune). Limitele zonei de studiu au fost definite 
din perspectiva conceptului de franjă rural-urbană. Am aplicat 
metodele statisticii multi-criteriale și clasificarea ierarhică 
ascendentă pentru identificarea schimbărilor în distribuția 
resurselor de terenuri. Rezultatele obținute confirmă realizările 
studiilor anterioare despre dezvoltarea inegală a periferiei externe 
a Bucureștiului și furnizează mai multe detalii despre configurația 
utilizării terenurilor în continuă schimbare. Astfel, am identificat și 
confirmat opoziția dintre nord și sud, configurații diferite ale 
modului de utilizare a terenurilor dintre periferia internă și externă 
a zonei de studiu. Credem că reducerea acestor diferențe printr-o 
politică de dezvoltare economică echilibrată ar genera oportunități 
de dezvoltare atât pentru capitală, cât și pentru zona sa 
suburbană. Pentru obținerea unor rezultate mai bune, fiecare 
dintre clusterele rezultate în urma analizei necesită ajustarea unei 
politici generale de dezvoltare economică la nevoile specifice. 

Cuvinte-cheie: așezări rurale, franja rur-urbană, expansiune 

urbană necontrolată, urbanizare, România 

 

Introduction 

Since historic times, the contact between rural 
and urban areas has formed a belt, where 

characteristics of both areas interpenetrated (Simon, 

2008). However, only in 1930 it captured the 
attention of geographers and planners on both sides 

of the Atlantic Ocean, who started to use the term 
“urban (or rural-urban) fringe” for its description 

(Pryor, 1968; Gant et al., 2011). Fringe areas 

represent a mixture of rural and urban (Mueller, 
2006), they are no longer dependent on crop 

production alone (Keil, 2009). Fringe areas are 
fragile systems because of both low quality 

agricultural management and high pollution from 
industry and illegal dumping sites (Gallent, 2006). 

The rural urban fringe (RUF) is a transition area, 

where land, economic and social structures “await” 
transformation into a suburban area (Friedberger, 

2000). The word “await” is very important for 

understanding the fringe phenomenon, because 
many changes happen in it being caused rather by 

expectations than by real planning rules (Dekkers 

and Rietveld, 2011).  
RUF is a functional system with its own 

characteristics, whose values are expected to be 
discovered by future generations (Antrop, 2004; 

Gallent and Andersson, 2007). As a system, it must 

be subject to its own rules and concepts, as well as 
planning measures: neither rural planning, nor 

urban one fits its specificity.  
Despite timely differences and geographical 

variety of locations, USA (Friedberger, 2000), United 
Kingdom (Bibby and Shepherd, 2004), Australia 

(Bunker and Houston, 2003), Israel (Bittner and 

Sofer, 2013), fringe areas bear some common 
features: land fragmentation, specialization/ 

diminishing of crop production, expansion of built-up 
structures, especially with residential and 

commercial purposes. The most sever planning rules 

have failed to stop these processes (Gant et al., 
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2011); they just rise their cost (Dekker and Rietveld, 
2011). That is the reason why RUFZ is the most 

vulnerable to changes, frequently lacking any 

planning strategies even in developed countries 
(CURE, 2002). There are many concepts to describe 

rural-urban interface from various viewpoints (see 
more in Șoșea, 2013). However, just the concept of 

RUFZ combines both main points of view: from rural 

area and from urban area. Thus, adopting this 
concept, previous studies have identified in RUFZ 

Bucharest issues related to both rural and urban 
environments: transition from agriculture to more 

diversified economic base and increasing 
heterogeneity (Guran-Nica and Sofer, 2013), 

uncontrolled development (Grigorescu et al., 2012), 

identity crisis (Ianoș et al., 2010) and functional 
fragmentation (Ianoș et al., 2007). 

The current paper, being focused on land use 
issues, continues the tradition of the studies carried 

out in the area in the last 10 years. Its novelty 

consists in the fact that it is based on up-to-date 
statistical evidences and methods of statistical 

modeling, which have not been used earlier. We 
believe that the results of this paper will serve as an 

alarm for the authorities at the regional and local 
level towards land protection and that local and 

regional development strategies should clearly deal 

with these issues in order to have an efficient 
control on urban expansion. 

Aims 

Our paper aims at determining the shape of 
rural-urban fringe zone of Bucharest and assessing 

changes in land use patterns within it in order to 

contribute to better understanding of 
transformations which take place in RUFZ, and to 

provide arguments for the development of specific 
planning tools. 

Study area 

Suburbanization and peri-urbanization processes 
have had different spatial patterns, with different 

intensity in the northern and southern outskirts of 

Bucharest municipality (Ion and Pîrvu, 2015). As a 
result of the expanding urban environment, there 

were “preferred” both settlements concentrated 
along major access routes as well as the settlements 

in which some urban functions (seeking more space 

or better natural amenities) could have been 
relocated: services, warehouses, manufacturing 

industry, second residence housing. The good road 
infrastructure has had a significant influence on the 

growing importance of the main roads as drivers in 

the organization of space in the Bucharest 
Metropolitan Area (Vânău, 2009).  

The change in the land-use patterns in Bucharest 
outskirts area represents an important consequence 

of the urbanization and suburbanization processes 

that developed, especially within the period of 
constant growth of the Romanian economy, 

between 2000 and 2008. In that period, the 
Romanian village experienced significant 

interventions in its three components: territory, 

population and economic activities. As a result of 
those interventions, villages in Romania have 

transformed from predominantly agricultural 
settlements into multi-functional ones, integrated 

into territory (Cândea et al., 2006). The main 
change concerned “conversion” of croplands into 

residential and commercial uses, which 

demonstrates an expansion of urban areas to the 
detriment of the agricultural lands (Pătroescu et al., 

2011) and forests. 
The contact between rural and urban 

environments and the periphery of Bucharest 

municipality have constituted the subject of 
numerous research papers, considering the area 

from the viewpoint of various disciplines. As a result 
of bibliographical investigations, we identified 

several works published in the past 15 years that 
focused on this area, trying to trace its boundaries 

and analyzing its various specific features. They had 

different purposes, and that is why there is a great 
variety of applied approaches, methods involved in 

grounding the proposals of the suburban, 
metropolitan or peri-urban areas, as well as a 

variety of shapes of the area (Table 1). 

Sasaki and Kobaiashi (2006) adopt the variant 
proposed by Nădejde and Plăcintescu (2005), 

considering the Metropolitan Area of Bucharest 
(MAB) as superposing with the external margin of 

rural-urban contact, located somewhere 50-60 km 

away from Bucharest’s administrative limits. Săgeată 
(2005) presents three models to define the 

Metropolitan Area of Bucharest. Thus, according to 
Ianoș et al. (cited in Săgeată, 2005), the area is 

composed of 92 administrative-territorial units (ATU) 
at the local level (83 communes and 9 towns) from 

Ilfov, Călărași, Giurgiu, Dâmbovița and Ialomița 

counties. It is considered as an area of urban 
influence of the capital city, but it exceeds its peri-

urban area defined by Iordan in 1973. According to 
Iordan (cited in Săgeată, 2005), who proposes a 

„Bucharest district”, the area includes, besides the 

Bucharest Municipality itself, 9 suburbs 
(neighborhoods), 8 “satellite towns” (out of which 5 

currently have the rural status) and 30 “suburban 
communes”. The third model, proposed by Săgeată 

(2005) implies the creation of Ilfov “macro-county”, 
which consists of 4 sub-departments (similar to the 

units that existed before the World War 2) and 145 

administrative-territorial units (towns and 
communes). The „macro-county” is divided in: 
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nearby polarization area (small towns and villages in 
Ilfov, Giurgiu, Călărași, Dâmbovița and Ialomița 

counties) and remote polarization area (villages 

within the area of influence of Giurgiu, Oltenița and 
Urziceni cities). Vânău (2009) in his doctoral thesis 

discusses the “spatial-structural interface” of 
Bucharest Municipality, which is constituted of 23 

administrative-territorial units from Ilfov county. 

Simion (2010), Pătroescu et al. (2011) and Niță 

(2012) realize their analysis on the basis of MAB 
defined in Zonal Planning Plan (P.A.T.Z. 2004-2005), 

which consists of Bucharest Municipality and 94 

administrative-territorial units, out of which 9 are 
towns and 85 are rural communes included in 5 

counties: Ilfov (the entire county), Călărași (35.3% 
of county’s communes), Giurgiu (27.9% of 

communes), Dâmbovița (5.7% of communes) and 

Ialomița (1.4% of communes). 

Table 1: Definitions of Bucharest's outskirts – review of bibliographical sources 

Name Extension Main criteria Authors 

MAB* 
- overpasses Bucharest’s peri-urban 
zone, defined by I. Iordan in 1973; 
- 92 ATU; 

- urban influence area 
Ianoş et.al. (1998-
1999) cited in 
Săgeată (2005) 

MAB* - 63 ATU; 
- distance to the capital city; 

- multivariate analysis; 
Gherasim (2002)  

MAB* 
- tradition of historical county existed 
in 1918-1950 and 1968-1981; 
- 94 ATU; 

- spatial-geographic criterion, 
- social-demographic criterion, 
- economic-functional criterion 

Bucharest City Hall 
(Primăria…, 2004-
2005) 

“Bucharest 
district” 

- 47 ATU; 

- organizational model inspired 
from some countries with long 
federal traditions (Australia, 
Belgium etc.) 

Iordan (2003) 
cited in Săgeată 
(2005) 

“Ilfov macro-
county” 

- 4 sub-departments and 145 ATU 
(towns and communes); 
- coincides with MAB defined in Zonal 
Territorial Arrangement Plan 2004-
2005 

- zone of direct and indirect urban 
influence; 

Săgeată (2005) 

MAB* - 50-60 km around Bucharest 
- an area of significant natural and 
human potential for a diversified 
rural economy 

Nădejde and 
Placintescu (2005) 
cited in Sasaki and 
Kobaiashi (2006) 

“spatial-
functional 
interface” 

- two levels of ATU around the capital 
city 
- 23 ATU; 

- neighborhood with Bucharest 
Municipality; 

Vânău (2009) 

MAB* 

- as defined by Zonal Territorial 
Arrangement Plan 2004-2005 
(Primăria Municipiului București, 
2004-2005) 

- as defined by Zonal Territorial 
Arrangement Plan 2004-2005 
(Primăria Municipiului București, 
2004-2005) 

Simion (2010); 
Pătroescu et al. 
(2011); 
Niță (2012) 

 
Various aspects related to land use change at the 

periphery of Bucharest Municipality represent a 
subject for many papers having been published in 

the last 15 years (Table 2). Sasaki and Kobayashi 

(2006) examine 4 case studies (3 communes and 
one town in the Metropolitan Area of Bucharest) in 

order to analyze the expansion of the built-up area 
after 1989 and the way in which the development 

and diversification of economic activities impact the 
land use types. Vânău (2009) considers the 

“peripheral functional complications” related to the 

cores and distinct functional areas at the contact 
between the urban space of Bucharest and its 

metropolitan area: residential cores and areas as 
well as commercial clusters and insertion of new 

residential structures. The author also presents post-

socialist trends in the dynamics of functional 
structure of the space at the contact between 

Bucharest Municipality and its supporting space. 

Simion (2010) quantifies the changes occurred in 

the land use in the Metropolitan Area of Bucharest 
during the 1970-2000 period, carrying out a 

comparative assessment between two land use 

maps at the beginning and the end of the timespan. 
Ianoș et al. (2010) obtain an overall image of the 

residential pressure in the Metropolitan Area of 
Bucharest. The authors identify the dynamics of new 

buildings from 1991 to 2005 and realize a typology 
of settlements in the area. They also make a 

detailed examination of the intensity of urban 

aggression in four case studies (two towns and two 
rural communes). Pătroescu et al. (2011) analyze 

changes occurred in land use, which have an impact 
on the environmental quality within residential 

spaces in the Metropolitan Area of Bucharest during 

the 1990-2007 period. The authors’ results highlight 
the fragmentation and diminishing of agricultural 

and forested areas, as well as the chaotic expansion 
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of resident spaces with direct and indirect effects on 
air quality of residential areas. Niță (2009) obtains 

an image of favorability for new residential spaces, 

based on the distance to water bodies and the soil 
types in the Metropolitan Area of Bucharest. The 

author proposes a map of total favorability for new 
residential development in the entire Metropolitan 

Area of Bucharest, and makes some detailed 

assessment in a few case studies (Ciolpani 
commune and Voluntari town). 

Table 2: Methods and data sources used in previous analyses of land use pattern 

Methods Data sources Analyzed period Authors 

- analysis of statistical data; 
- interpretation of Urban 
Planning Plans. 

Urban Planning Plans 
(2005) 

1997-2005 Sasaki, Kobayashi (2005) 

GIS modeling 

- topographic maps 

1970 Simion (2010) 

1977-1978 Niţă (2012) 

1990 Grigorescu et al. (2012) 

- satellite imagery 
1988, 2000 Simion (2010) 

1970, 2005 Ianoş et. al. (2010) 

- aerophotograms 2005, 2008 Niţă (2012) 

- Corine Land Cover 
maps; 

1990, 2006 
Simion (2010) 
Pătroescu et.al. (2011) 
Grigorescu et al. (2012) 

1990, 2000, 2006 Niţă (2012) 

- not specified 1990-2009 Vânău (2009) 

Multivariate analysis - statistical evidence 

1991-2005 Ianoş et. al. (2010) 

1990-2007 Pătroescu et.al. (2011) 

1990-2008 Grigorescu et al. (2008) 

Statistical analysis - not specified 1990-2009 Vânău (2009) 

 

Data and methods 

Bucharest's outskirts is an extremely contrasting 

and dynamic area, which contains more or less 
“regular” villages (Dascălu, Grădiştea, Gruiu, Nuci, 

etc.), rural settlements recently granted the urban 

status (Bragadiru, Chitila, Măgurele, Pantelimon, 
Popeşti-Leordeni and Voluntari) and highly 

urbanized settlements with rural status (Afumaţi, 
Baloteşti, Corbeanca, Mogoşoaia, Snagov, Tunari 

etc.). This variety of administrative statuses and 
living standards cannot be comprised using just one 

category of settlements (urban or rural). We believe 

that the rural-urban fringe approach would be the 
most appropriate to study a transition area between 

urban and rural environments. The benefit of the 
approach consists in the fact that it combines the 

advantages of a top-down and bottom-up ways of 

analysis (CURE, 2002). That is why we applied this 
approach to determine the boundaries of our study 

area. 
The inner limits of the rural-urban fringe zone 

(RUFZ) are quite clear (urban built-up area of the 

main city); at the same time, its external boundary 
is vague (Gallent et al. 2006). It is generally 

accepted that an external limit of RUFZ for a city 
with population over 1 mil. inhabitants would be 

located 22 km away from its internal boundary 
(CURE, 2002). Among the main features of the 

fringe space, the literature cites the following: inter-

penetration of urban and rural characteristics, 
alteration of “classical” rural features, reduced 

fragmentation of living space, increased number and 

density of inhabitants, higher shares of non-
agricultural land uses, modernized infrastructure 

(although not fully urban), lower environmental 
quality than in deeper countryside and spaces for 

daily recreational activities (Gallent et al., 2006; 

CURE, 2002). More on other approaches to delineate 
the boundaries of RUFZ can be found in an explicit 

overview by Avram (2009). 
Our attempt to define the rural-urban fringe zone 

of Bucharest followed a multi-step approach 
(Sîrodoev and Ion, 2014). Thus, as a first step, we 

constituted the pool containing all the 

administrative-territorial units located within 30 km 
distance from the built-up area located within the 

administrative boundary of Bucharest Municipality. 
This pool was composed of 128 rural communes and 

towns. As a second step, we collected a set of 8 

indicators, which better respond to the rural-urban 
fringe qualitative features: number of villages in a 

commune/town, number of population, ratio 
between the employed persons and those of 

working age population density, ratio between the 
built-up area vs. agricultural area, ratio of non-

residential vs. residential building permits (%), gas 

delivered through pipes (cubic meters per capita), 
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number of tourist accommodation facilities 
(bungalow, tourist villas and boarding houses, agro-

tourist boarding houses). As a third step, we applied 

a hierarchical agglomerative clustering in order to 
determine links and similarities between the units 

constituting the pool. 
Seven clusters result from our analysis. Two of 

them constitute compact areas around Bucharest. 

These two clusters are tentacle-shaped, with the 
tentacles disposed alongside the main access routes. 

Three communes (Copăceni, Dascălu, and Săbăreni) 
from other clusters were added to the previous two, 

in order to fill in the gaps between the tentacles and 
to constitute a more compact RUFZ of Bucharest. As 

a result, the rural-urban fringe zone of Bucharest, 

constituting our study area, comprised 44 
administrative-territorial units (both towns and rural 

communes) from three counties: Dâmbovița, 
Giurgiu, and Ilfov (Fig. 1). Unlike other studies, the 

approach proposed here does not entirely cover the 

Ilfov county, excluding from the study area such 
rural communes as Grădiștea, Nuci, and 

Petrăchioaia, located in the extreme north-east.

 

Fig. 1: Study area – Bucharest's rural-urban fringe zone (RUFZ) 

Urbanization and suburbanization processes have 
been more active in the inner periphery and in the 

northern part of the rural-urban fringe zone of 
Bucharest, while its external periphery has 

experienced less significant transformations. That is 

why, the opposition in the level of economic 

development between north and south is clearly 
evident. The northern part of the fringe zone is 

formed by two distinct belts, the inner one bearing 
the characteristics of a mature suburbanized area, 

while the outer one suffers from the decay of basic 

agricultural activities without strong urbanization 
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trends. Fragmentation of RUFZ increases from north 
to south bypassing the administrative boundaries of 

Bucharest municipality. South-east is the last to 

experience suburbanization processes in full (Ion 
and Pîrvu, 2015). 

The analysis of land use dynamics in RUFZ 
involves the methods of multivariate statistics. 

National Institute for Statistics is the provider of the 

data used in our analysis. The period of study is 
conditioned on the data availability and is limited to 

the timespan 1992-2013. Four variables were 
computed in order to better reflect the changing 

dynamics of land-use patterns: relative change of 
arable land, relative change of orchards, relative 

change of vineyards, and relative change of non-

agricultural lands, computed as difference between 
total area of communes and agricultural lands. 

Hierarchical agglomerative clustering, with Euclidean 
distance and Ward's algorithm, was applied for 

grouping the 44 administrative-territorial units, 

which constitute the RUFZ. 

Results and discussions 

The dendrogram resulted out of the cluster 

analysis points to the existence of 6 distinctive 
clusters (Fig. 2): the mild urbanization cluster 

groups 9 administrative-territorial units and reflects 
moderate figures of suburbanization process in the 

post-socialist period; the increase in non-agricultural 

land to the detriment of croplands is the most 
distinctive feature; the orchards gardening cluster 

consists of 4 administrative-territorial units and 
highlights the higher share of orchards, this figure is 

high thanks to the long tradition of orchard 

gardening around Bucharest; the urbanization and 
vineyards cluster refers to one town, Voluntari, and 

is remarkable for the very high proportion of 
vineyards against the background of moderate 

urbanization; the decay of gardening cluster is the 
most numerous category, containing 18 

administrative-territorial units; it outstands for the 

decreasing share of orchards and vineyards; the 
active urbanization cluster groups 8 administrative-

territorial units and reflects the most dynamic towns 
and communes, those in which the urbanization 

process is the most active at present, occupying new 

lands to the detriment of other land use categories, 
especially croplands; decay of land management 
groups four the most economically depressive 
administrative-territorial units, in which all kinds of 

land use categories decrease their shares. 

 

Fig. 2: Cluster dendrogram of land use change in RUFZ in 1992-2013 

Mean profiles for each cluster are shown on Fig. 

3; the figures represent deviations of the group 
averages from the RUFZ mean value. The order of 

the columns on the Figure is identical across the 

panels and corresponds to the order in the legend. 
The outcome of hierarchical administrative 

clustering was mapped against the boundaries of 
the rural-urban fringe zone of Bucharest (Fig. 4). 

The resulted clusters create an evident spatial 

pattern, which seems to reflect the main features 
highlighted in previous studies focused on different 

features of the RUFZ of Bucharest. 
Thus, the town of Voluntari creates a separate 

cluster, constituting its single member (“urbanization 

and vineyards”). As a consequence of intense 

urbanization, the town is over-saturated with 
commercial and residential land uses. The increase 

of the non-agricultural (especially built-up) area, 

accelerated after 2005, has been achieved to the 
detriment of the arable land. At the same time, 

taking in consideration high shares of built-up area 
at the beginning of the analyzed period, relative 

increase, although significant, was not very 

spectacular (Fig. 5). Vineyards increased 
significantly, but occupy quite a small area within 

the administrative boundary of the commune (about 
7 ha). 
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Fig. 3: Group profiles for 6 groups of communes in RUFZ, shown as deviations from the RUFZ mean 

A compact area is easily identifiable on the map 

to the north of the capital city, formed by a cluster 
of communes, whose main feature is the moderate 

increase of non-agricultural areas (“mild 

urbanization”). This area is composed of Otopeni 
town and Tunari, Ștefăneștii de Jos, Mogoșoaia, 

Corbeanca, and Balotești, communes. The 
consequences of dominant urban-to-rural migration, 

having been characteristic to Romania since 1997 

(Sandu et al., 2004), are clearly visible. Proximity to 
the capital city, high accessibility of the communes, 

and the nearby position of the two Bucharest’s 

airports have served as drivers for the development 
of new economic activities (high-income housing, 

wholesale, warehousing, transportation, and 
manufacturing).

 

Fig. 4: Land use change typology in Bucharest's rural-urban fringe zone (RUFZ)
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This area, thanks to its attractiveness, 
accessibility and natural amenities, was the first to 

be touched by the suburbanization process. This 

phenomenon has had multiple socio-economic 
effects, such as real estate boom and attractiveness 

for investors from various fields, especially, real 
estate. Explosion of land prices in the period of real 

estate boom in 2000-2008, caused losses of interest 

for agriculture among locals. After 2008, due to the 
economic crisis, real estate activity and appearance 

of new developments were almost frozen. Currently, 

we see here a moderate urbanization rates, thanks 
to higher shares at the beginning of the analyzed 

period. Similar situation is characteristic to several 
communes in the southern part of the area 

(Clinceni, Glina) and Măgurele town. 

 

Fig. 5: Mean area of non-agricultural lands of 6 groups of communes in RUFZ  
(shown as relative deviation from RUFZ mean value) 

Another compact area to the north of the capital 

city is formed by a group of communes, 
characterized by constant decreasing of gardening 

since the beginning of post-socialist transformations 
(“decay of gardening”). This compact “belt” 

encompasses the area of “mild urbanization”. It is 

composed of 10 rural communes and 2 towns, 
located at longer distance from main access routes. 

Changes in the land use have followed a somehow 
similar trend, comparing to the previous group of 

communes, but at the lower rates with lower land 

prices. In the southern part of RUFZ, several 
administrative-territorial units are in a similar 

situation, however, they form a less compact and 
more fragmented area (Popești-Leordeni and 

Mihăilești towns and Dărăști-Ilfov, Jilava and Vidra 
communes).  

Due to the high land prices in the northern part 

of RUFZ, some eastern, western and southern 
administrative-territorial units (Bragadiru town and 

Bolintin-Deal, Cernica, Chiajna, Chitila, Dragomirești-
Vale, Dobroiesti, and Domnești communes) 

experience more active nonagricultural development 

(“active urbanization”). They form quite a compact 

area to the west of the capital city, with disparate 
locations in other parts of RUFZ. The rate of 

converting agricultural lands into non-agricultural 
(mainly, arable into residential) registered here is 

the highest in the RUFZ, due to low initial base and 

lower land prices comparing to the northern part of 
the study area.  

Brănești, Berceni, Ciolpani, and Cornetu disparate 
communes constitute a separate group, which has in 

common the high share of orchards (“orchard 
gardening”). They represent the remaining of what 
constituted once the orchards belt of the capital. 

They are located at the external periphery of RUFZ 
and wait for real estate developers to come.  

The last group of rural communes (Joița, 
Săbăreni, 1 Decembrie, Copăceni) constitute two 

distinctive spatial groups and suffer from general 

decay of land management activities (“decay of land 
management”). Two of the communes, Săbăreni 

and Copăceni, were added to the rural-urban fringe 
area for the sake of more compact shape. The 

position of these four communes, at the external 
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periphery of the area, in-between the developed 
tentacles, leaves few chances for their development 

in the next few years; however, on the long run, 

they will represent the last reserve of available lands 
for real estate development in RUFZ of Bucharest. 

The analysis of the map confirms once again that 
urbanization and suburbanization processes have 

been more active within the inner periphery and in 

the northern part of the RUFZ, while its external 
periphery has undergone less significant 

transformations; its southern part is experiencing 
active transformations at present.  

The opposition between the north and south is 
obvious. In the North, there are two clearly formed 

belts with mature suburbanization (the “mild 

urbanization” group) and decay of basic agricultural 
activities without strong urbanization trends (“decay 

of gardening”). The eastern, western and southern 
parts of RUFZ are much more fragmented. The inner 

periphery of the western part is the first to attract 

real estate developers, which seek to avoid the high 
land prices in the north. There are also signs that 

the south-western and eastern parts of the inner 
periphery started to catch up their more lucky 

neighbors, while the south-east remains the least 
attractive zone for new developments to appear (Ion 

and Pîrvu, 2015). 

It is not by hazard that the south-eastern part is 
to be the last to experience suburbanization features 

in full. Two Bucharest's landfills, Sintești-Vidra and 
Glina, are located here at the close periphery of the 

Capital City (Ianoș et al., 2012a), while old 

petrochemical plants and mechanical works located 
at the southern boundary of city's built-up area still 

represent a barrier for residential functions to invade 
the few free lands, which still remain under the 

direct administration of the Bucharest authorities 

(Ianoș et al., 2012b). 
Overall, agricultural function of the land in RUFZ 

is being transformed into various non-agricultural, 
especially, residential functions, which bring higher 

income to the landowners. 

Conclusion 

Most of the analyzed administrative-territorial 

units in the study area have passed through a period 

of transformation of their rural features into 
suburban and urban ones; some of them have 

changed their dominant land use type from 
agricultural to non-agricultural, mainly, residential. 

Due to suburbanization trends, a significant part of 

croplands were withdrawn from agricultural circuit, 
some of them converted to non-agricultural use, 

others remained fallow grounds due to low income 
from agricultural features and lack of interest from 

urban planners and developers. The overall impact 
of urbanization and suburbanization trends on the 

study area is obvious, while its “fringe” character 
has been proved by uneven interpenetration of rural 

and urban features in this transition area.  

We could see that interpenetration of urban and 
rural features, as well as high fragmentation of lands 

and activities, does not allow implementation of old-
fashion rural development or urban planning 

policies. Processes that take place within the fringe 

zone cannot be understood if considered from the 
viewpoint of an urban planner or a specialist in rural 

development. Moreover, a determination of who’s 
eligible for rural development assistance, on the one 

hand, and urban planning grants, on the other hand, 
might represent a serious hampering in such a 

fragmented environment.  

A combined approach to planning is required. 
Further planning measures must take into account 

advantages and disadvantages of both environments 
at the same time. The fringe concept provides 

necessary theoretical explanations and practical 

tools, extremely useful in this transition 
environment. This concept is the most suitable to 

the Antrop’s (2004) idea of “designed environment”, 
which must serve as the ultimate target of a “fringe 

planning”. 
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Abstract 

India is an agricultural country where people’s livelihood is highly 
dependent upon their land resource. The increasing population 
has created immense pressure on the land resources of the 
country, specially the agricultural land. Due to the continuous 
fragmentation of land in time, the small landholdings have 
become economically non-viable for the poor farmers. There has 
been a regular increase in the agricultural inputs over the last 
decades. Thus, the benefits from agricultural practices have 
declined in time. In this situation, the marginal and small farmers 
in general and landless people in particular rely upon the local 
common land resources (CLR) to supplement their income and 
earning their livelihood. 
The CLR, being “accessible” to all and no one having any 
exclusive right upon them, are generally used in various ways for 
economic gains. The forests provide timber, various forest 
products especially firewood, the pastures support the livestock 
and the uncultivated and barren lands are utilized for construction 
of houses, poultry farms and animal husbandry. Various studies 
have revealed that they account for up to 16 to 50 per cent of the 
income of landless and poor farmers respectively. Due to “open 
access” and rampant use, the CLR are declining all over India in 
general and the Indo-Gangetic Plain in particular. The present 
study was undertaken to analyze the dynamics of CLR in the 
sampled district of Uttar Pradesh in the Indo-Gangetic Plain. The 
study reveals that there is a considerable decline in these 
resources during the last decades. The detailed analysis of CLR 
utilization and its social correlates testifies for its role in providing 
economic gains and livelihood to its users. Thus, the present 
study reveals the significance of common land resources in 
sustainable regional development. 

Keywords: common land resources, landless, marginal and 

small farmers, sustainable development 

Rezumat. Impactul resurselor de teren comun în 
dezvoltarea regională durabilă: o analiză geografică    
India este o ţară agricolă, viaţa locuitorilor fiind dependentă de 
resursele lor de teren. Creşterea demografică a creat o imensă 
presiune asupra resurselor de teren indiene, în mod special asupra 
terenurilor agricole. În condiţiile permanentei fragmentări a 
terenurilor de-a lungul timpului, micile proprietăţi nu mai sunt 
economic viabile pentru fermierii săraci. Pe parcursul ultimelor 
decenii s-a înregistrat o creştere regulată a consumurilor agricole. 
Astfel, beneficiile obţinute din activităţile agricole s-au redus în 
timp. În această situaţie, fermierii mici şi marginali, în general şi 
persoanele care nu deţin terenuri, în particular, se bazează pe 
resursele locale de terenuri comune (RTC) pentru a-şi suplimenta 
veniturile şi pentru a-şi asigura mijloacele de existenţă. 
În condiţiile în care sunt „accesibile” tuturor şi nimeni nu are 
drepturi exclusive asupra lor, RTC sunt în general folosite în moduri 
diferite pentru obţinerea câştigurilor economice. Pădurile furnizează 
lemn pentru construcţii şi pentru foc, precum şi alte produse 
forestiere, păşunile susţin şeptelul, iar terenurile necultivate şi 
neproductive sunt folosite pentru construcţia caselor, a fermelor 
avicole şi în zootehnie. Diverse studii au evidenţiat faptul că 
acestea asigură 16 până la 50% din venitul persoanelor care nu 
deţin terenuri, respectiv al fermierilor săraci. Din cauza „liberului 
acces” şi a utilizării excesive, RTC se restrâng pe întregul teritoriu 
al Indiei şi, în mod particular în Câmpia Indo-Gangetică. Lucrarea 
de faţă a avut ca scop analiza dinamicii RTC dintr-un district situat 
în această câmpie, în statul Uttar Pradesh. Studiul evidenţiază 
declinul considerabil al acestor resurse în ultimele decenii. Analiza 
detaliată a utilizării RTC şi a corelaţiilor sociale dovedeşte rolul 
acestora în obţinerea beneficiilor economice şi a mijloacelor de trai 
pentru utilizatori. Astfel, lucrarea de faţă evidenţiază importanţa 
RTC pentru dezvoltarea regională durabilă. 

Cuvinte-cheie: resurse de teren comun, persoană fără 

pământ, fermieri mici şi marginali, dezvoltare durabilă  

 

Introduction 

The Indo-Gangetic plain is one of the most 

densely populated regions of the country. The 
increasing population has resulted in the 

fragmentation of land into small pieces over 
generations. The livelihood of the people is highly 

dependent upon their land resource. As the 
population is continuously increasing there is an 

immense pressure on the land resources of the 

country, especially the agricultural land. The 
present scenario of agriculture in the country has 

resulted in increase in input costs, unfavorable 
government policies, problems in marketing the 

products and low remunerations to the famers, 

leading to declining profits.  

The small and marginal farmers sometimes do 

not find agriculture as a viable economic solution for 
their small landholdings. Therefore, they are in need 

to supplement their income. Thus, they rely upon 
the “common resources” to supplement their 

income. The common land resources (CLR) are a 
sub-category of Common Property Resources 

(CPRs); they are common to all and no one has any 

exclusive right upon it. They are generally used by 
them in various ways for economic gains. The 

forests provide timber, the pastures support the 
livestock of the farmers and the uncultivated and 

barren lands are used for construction of houses, 

poultry farms and animal husbandry. The landless 
people obtain the maximum share of their income 

from these resources and are sometimes dependent 
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upon CLR for their livelihood. The landless, marginal 
and small farmers account for the major part of 

households in the villages of the Indo-Gangetic 

Plain. Thus, the common land resources have a 
significant role in supporting a large number of 

dependent households. 
The CLR are declining in India, especially in the 

Indo-Gangetic Plain due to increasing population 

pressure upon the land resources, “open access”, 
lack of government policies and rampant use. The 

present study was undertaken to evaluate the role 
of CLR in the sustainable development of its users. 

The studies of common property resources (CPR) 
and CLR have been undertaken by various scholars 

at national and international level since the 

publication of Hardin’s (1968) paper “The Tragedy of 
Commons”. Singh (1997) defined the CPR’s as the 

resource owned by an identifiable group of people, 
regulated by social conventions and legally 

enforceable rules. Traditionally, the CPR include 

community land, community pastures, community 
forest, wildlife, wasteland, common dumping and 

threshing ground, watershed drainages, village 
ponds, rivers and rivulets and their banks and beds, 

which are regulated by social conventions and 
legally enforceable rules (Burger & Gochfeld, 1998). 

Mohammad N., (2001) and Salman & Munir  

(2013) have classified the CLR in Indian Context into 
five categories of land use / land cover, i.e. forest, 

pasture and grazing land, cultivable wasteland, 
barren and uncultivated land and fallow lands other 

than current fallow. Iyengar (1989) has focused 

upon the poor condition of the grazing and pasture 
lands which are considered to be one of the 

important parts of the CLR. Singh (1997) has 
emphasized that the exploitation of the land 

resources in a sustainable manner is necessary to 

ensure food security, while Bajpai (2005) studied 
the features promoting wasteland and methods to 

reclaim them. Recently, Munir et al. (2008) have 
attempted to study the impact of CLR on the 

livelihood of landless, marginal and small farmers. 
Similarly, various aspects of the CLR have been 

studied by scholars like Berkes et.al. (1989), Rees 

(1990), Jodha (1992), Singh (1994), Bromley and 
Cernea (1996) and Singh (1995).  

Aims and Objectives 

The present study was undertaken with the 
following objectives: 

1. To study the change in CLR in Allahabad 

district during last two decades. 
2. To study the socio-economic profile of CLR 

users in Allahabaddistrict. 
3. To understand the role of various socio-

economic variables upon the dynamics of 
CLR utilization. 

 

Database and Methodology 

The present study is based on the primary and 

secondary data. The secondary data were obtained 

from the Statistical bulletin of Allahabad district, 
whereas the primary data were collected through 

the field survey of sampled villages. The secondary 
data of land use were used to study the spatial 

distribution of the CLR. One village was selected 

from each block in order to study the socio-
economic profile of the users. The selection of the 

village was done on the basis of population 
(between 1,500 and 2,500 persons) and 

accessibility. Therefore, in total 20 villages were 
selected for a detailed household level field survey.  

A detailed questionnaire was used for the 

detailed survey to collect data pertaining to the 
general profile and land use of the sampled village, 

socio-economic profile of the respondent and the 
knowledge, access, mode of utilization and problems 

pertaining to management of CLR.  

The questionnaire was divided into 8 sections 
containing 50 questions. The total number of 

households covered under the study were 1563, 
which accounts for 25 per cent of the households. 

The primary data collected at village level through 
extensive field survey were used to analyze the 

socio-economic profile of the respondents, the 

different modes of CLR use and the other grass 
roots level analysis of CLR utilization with the help of 

31 selected variables at village level. Finally, data 
were checked and processed using simple statistical 

techniques and GIS. The relationship between the 

31 selected variables and CLR utilization was 
established with the help of Karl Pearson’s 

correlation coefficient technique. 

Study Area 

The district of Allahabad is located between 24° 

47´ N and 25° 43´ N latitudes and between 81° 31´ 
E to 82° 21´ E longitudes. It covers an area of 5,482 

Km2. The total rural area is 5,365 Km2 and the urban 

area is 117 Km2. This district lies in the southern part 
of the Uttar-Pradesh state, within the Ganga Plain 

adjoining the Vindhyan plateau of India. Allahabad is 
surrounded by Sant Ravi Das (Bhadohi) and Mirzapur 

districts in the east, Kaushambi in the west, 

Pratapgarh and Jaunpur in the north and Banda and 
the state of Madhya Pradesh in the south. 

The river Ganga and Yamuna flow through the 
district. Allahabad is one of the headquarters of the 

18 administrative divisions of Uttar Pradesh. The 

Allahabad district comprises seven tehsils 
(subdivision), twenty Community Development 

Blocks, 2715 villages and thirteen towns. The total 
population of the district during 2011 was reported 

to be 59, 59,798 persons. The share of rural and 
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urban population was 75.22 and 24.78 per cent, 
respectively. The district may be divided into three 

physical divisions, i.e. the Trans-Ganga or the 

Gangapaar plain, the Doab and Trans-Yamuna or 
the Yamunapaar tract.  

 

Fig. 1: Allahabad District: Location of Sampled 
Villages (2014) 

The total reported area of the Allahabad district 

during 2011 was 557,014 hectares. Major part of the 
district lies in the fertile Ganga Plain. Thus, the 

largest part of the land is devoted to agriculture, but 
a large part of land is also used for non-agricultural 

purposes. The net sown area (NSA) of the district 
was 316,340 hectares (56.79 percent). The next 

major constituent share was the area under non-

agricultural use (14.34 per cent) followed by present 
fallow land (13.40 per cent) and  other fallow land 

(4.58 per cent), Forest (3.85 per cent), Barren and 

uncultivable (2.84 per cent) cultivable wasteland 
(2.43 per cent), area under bushes and gardens 

(1.48 per cent) and permanent pastures and grazing 
land (0.29 per cent). 

Spatial-temporal Analysis of Common 
Land Resources 

As already mentioned, in 2011, the total reported 
area of the Allahabad district was 557,014 hectares. 

The CLR include the area under forest, barren and 
uncultivable land, cultivable wasteland, permanent 

pastures and grazing land and other fallow land. 

Thus, the total area under the CLR during 2011 was 
calculated to be 13.22 per cent of the total reported 

area of the district. Similarly, the total area under 
CLR was calculated for the last two decades. Table 1 

shows the temporal change in different land use 
categories of CLR in Allahabad district during the 

1991-2011 period. 

Table 1 reveals that there is an overall decline of 
40.98 per cent of CLR area during the last two 

decades. All the CLR categories in Allahabad showed 
a decline during the same period, but the maximum 

decline is found in cultivable wasteland (52.38 per 

cent) followed by forest (45.55 per cent) and other 
fallow land (34.38 per cent). The main reason for 

this decline is the use of land for non agricultural 
purposes. The urbanization has lead to loss of 

agricultural land. Similarly, the Common Land 
Resources were also encroached or used for non-

agricultural purposes. 

 
Table 1: Temporal Change in Different Land Use Categories among Total Common Land 

Resources of Allahabad District (1991-2011) 

S. 
No. 

Land use 
Category 

Area Under Different 
CLR Categories  
(in Hectares) 

Change 
(1991-2011) 

1991 2001 2011 Area Percentage 

1 Other Fallow Land 35561 23698 23335 -12226 -34.38 

2 Forest 39400 26505 21455 -17945 -45.55 

3 Cultivable Wasteland 25628 16813 12204 -13424 -52.38 

4 Barren and Uncultivable Land 21822 17263 15023 -6799 -31.16 

5 Permanent Pastures and Grazing Land 2392 1762 1638 -754 -31.52 

Total CLR 124803 86041 73655 -51148 -40.98 

CLR Share in Total Reported Area (TRA) 19.45 16.27 13.22 - - 

(data source: Statistical bulletin of Allahabad district (1991, 2001 and 2011)  

 

Socio-economic Profile of Respondents 

The Indian society gives an immense importance 
to the people having better socio-economic status. It 

has an important role in decision-making, use of 
resources and conflict resolution at local level. The 

use of CLR is also governed by the land holding, 

occupation, caste, availability of technology, family 
size and educational status of its users. Thus, these 



 
 

Impact of Common Land Resources in Sustainable Regional Development: a Geographical Analysis 

© 2016 Forum geografic. All rights reserved. 78 

factors not only affect the mode and intensity of 
utilization, but also lead to different economic 

benefits obtained from the CLR. The analysis of 

caste structure of 1563 respondents in the 20 
sampled villages revealed that every village has a 

distinct caste composition. Table 2 shows that most 
of the respondents belonged to general class (43.63 

per cent) followed by scheduled castes/scheduled 

tribes (SC/ST) (32.05 per cent) and OBC (other 
backward classes) (24.31 per cent). The major 

castes among the OBC included Dhobi, Kushwaha, 
Yadav, Lohar, and Teli, whereas Harijan, Chamar, 

Bhartiya, Madari, Paal and Mehtar were the major 
castes among the SC/ST. 

The size of the family is an important factor in 

governing the economic endeavors of a person. 
Thus, people with large family size will not be able 

to provide the same economic support to every 
individual as those having small family size. In this 

scenario, the common land seems to be a good 

opportunity to supplement the income. Therefore, 
the mode and intensity of CLR utilization is also 

dependent upon the family size of an individual. 
Table 3 shows that the overall family size of most 

of the respondents (62.25 per cent) falls in the 
medium category. Further 19.39 per cent of the 

respondents had large family, followed by 18.36 per 

cent having small family size. The presence of a 
large proportion of medium and large family size is 

an indicator of the large dependent population in the 
sampled villages. The increasing cost of food items 

and basic facilities tend to increase the burden the 

earners are facing for generating more income. With 
the continuous decline in remuneration from the 

agricultural activities, people turn towards other 
sources of income. Most of the households involve in 

livestock husbandry for daily income by selling milk. 

They generally utilize CLR for grazing their animals, 
storing the cow dung and providing shelter for them. 

The role of education in social transformation 
and adoption of new ideas does not require any 

emphasis. The role of education is quite important 
with respect to CLR. The mode and intensity of 

utilization of a resource is highly dependent upon 

any individual’s educational level. This indicator 
reveals that most of the respondents were illiterate 

(62.61 percent). Among the literates (37.19 per 
cent), those who have passed intermediate exams 

accounted for 11.96 per cent, followed by graduates 

(9.72 percent) and those who have studied up to 
High School (8.32 per cent). The share of 

respondents with higher or technical education was 
only 7.49 per cent (table 4). 

The primary survey of 1563 households reveals 
that only 65.22 per cent (1026 respondents) of the 

households possess land, while the remaining 537 

(34.36 per cent) are landless (table 5). Among the 
landholders, marginal farmers (less than 1 hectare 

of land) are the most numerous, followed by small 
and semi-medium farmers. The presence of large 

number of marginal landholders in a village is an 

indicator of the poor socio-economic condition of the 
majority of the people in general and the village as a 

whole. The present situation of large number of 
marginal land holdings in the villages of India has 

arisen due to continuous fragmentation of the 

ancestral land into the family members. 
The study reveals that against the old perception 

that people in the villages only practice agriculture, 
it was found that agriculture is not the only source 

of their income, but rather they are also engaged 
into various non-agricultural activities. This change 

in the livelihood is due to the large number of 

landless people and declining benefits from 
agriculture coupled with the continuous increasing 

cost of living. Most of the people are engaged in 
more than one type of livelihood and have multiple 

sources of income.  

Table 6 shows that the largest share of the 
respondents was found to be engaged in crop 

cultivation (39.35 per cent). Thus, they get their 
major income through crop cultivation. The next 

important source of income was found to be 
agricultural labour (18.55 per cent) followed by 

other sources (17.40 per cent), animal husbandry 

(13.12 per cent) and business/ job (11.52 per cent). 
Many marginal farmers have started non-agricultural 

activities along with the traditional agriculture on 
their small piece of land. Sometimes they earn more 

from business, animal husbandry or other 

occupations rather than crop cultivation. The people 
lying under other category are engaged in various 

activities like rickshaw pulling, conductor, driver, 
watchman, shop attendant, property dealers, 

contractors, shopkeepers, masons, milk collection, 

agricultural marketing and other petty jobs.  
 

Table 2: Caste-wise Distribution of 
Respondents in Allahabad District (2012) 

S. 
No. 

Caste 
Total Respondents 

Number Percentage 

1 General 682 43.63 

2 SC/ST 501 32.05 

3 Other Backward Class 
(OBC) 

380 24.31 

Total Respondents 1563 100.00 

(data source: Field survey, 2012) 
 

Table 3: Distribution of Respondents on the 
Basis of Family Size in Allahabad District (2012) 

S. 
No. 

Family Size 
Total Respondents 

Number Percentage 

1 Small 287 18.36 

2 Medium 973 62.25 

3 Large 303 19.39 

Total Respondents 1563 100.00 

(data source: Field survey, 2012) 
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Table 4: Educational Status of Respondents 
in Allahabad District (2012) 

S. 
No. 

Educational Status 
Total Respondents 

Number Percentage 

1 Illiterate 977 62.51 

2 High School 130 8.32 

3 Intermediate 187 11.96 

4 Graduate 152 9.72 

5 Technical/Higher 
Education 

117 7.49 

Total Respondents 1563 100.00 

(data source: Field survey, 2012) 
 

Table 5: Landholding Status of Respondents in 

Allahabad District (2012) 
S. 

No. 
Landholding 

Status 

Total Respondents 

Number Percentage 

1 Large  

(≥ 10 Hectares) 
8 0.51 

2 Medium 
(4-10 Hectares) 

21 1.34 

3 Semi-Medium 
(2-4 Hectares) 

66 4.22 

4 Small (1-2 hectares) 135 8.64 

5 Marginal 
(≤1 Hectare) 

796 50.93 

6 Landless 537 34.36 

Total Respondents 1563 100.00 

(data source: Field survey, 2012) 
 

Table 6: Major Sources of Income of 

Respondents In Allahabad District (2012) 
S. 

No. 
Major Source of 

Income 

Total Respondents 

Number Percentage 

1 Crop Cultivation 615 39.35 

2 Agricultural Labour 289 18.55 

3 Animal Husbandry 205 13.12 

4 Business/ Job 181 11.52 

5 Other 272 17.40 

Total Respondents 1563 100.00 

(data source: Field survey, 2012) 

 

Use of CLR and Economic Gains 

The CLR are mostly used for grazing the 

livestock, agro-forestry, cultivation of crops and 

social forestry. They are also used as play grounds, 
cemeteries, cremation grounds etc.  Sometimes, a 

single piece of “common land” is used for a number 
of purposes, such as playground for children, 

pastures, resting ground for cows or celebration 

grounds for various social and religious events like 
marriages and Raam-leela.  

The abundance of any resource is diminished by 
the increasing number of users. Thus, in the case 

of CLR, the increase in population over time has 
also led to an immense competition and thereby to 

the degradation and depletion of these resources. 

The CLR are generally utilized by a large part of the 
rural population. The access to the CLR is 

sometimes limited to a certain social group of 
people or denied to a particular social group. Thus, 

the benefits of CLR can be obtained only after an 

individual is privileged with the access to CLR.  
Table 7 reveals that 73.70 per cent of 

respondents were using Common Land Resources 
for various purposes. For the users, the share of 

CLR income in the total annual income varies from 
4.07 per cent for the large farmers to 45.43 per 

cent for landless people. It can be noticed that 

there is an inverse relationship between the area of 
landholding and CLR income. Therefore, CLR 

income finds a significant share in the total income 
of landless people (45.43 percent,) followed by 

marginal (40.80 percent) and small farmers (23.59 

percent). The large share of income from CLR is an 
indicator of the dependency of the landless people, 

marginal and small farmers upon the CLR for their 
livelihood and sustenance. 

 
 

 

Table 7: Landholding Use of CLR and Share of CLR Income in Total Income of Respondents in 

Allahabad District (2012) 

Landholding 
Not Using 

CLR 
(In %) 

Using CLR 
(In %) 

Respondents Using CLR 

Avg. Annual CLR 
Income/ User (In Rs.) 

Share of CLR 
Income (%) to 
Total Income 

Large (> 10 Hect.) 37.50 62.50 4,100.00 4.07 

Medium (4-10 Hect.) 9.52 90.48 5,600.00 7.86 

Semi-medium (2-4 Hect.) 15.15 84.85 6,000.00 18.30 

Small (1-2 Hect.) 4.44 95.56 8,650.00 23.59 

Marginal (0-1 Hect.) 46.98 53.02 11,750.00 40.80 

Landless 2.98 97.02 14,650.00 45.43 

Total 26.30 73.70 12,300.00 - 

(data source: Field survey, 2012) 
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Relationship between Selected Socio-
Economic Variables and CLR Utilization 

The role of the social structure, education, 
landholding status and income of the respondents 

determine the mode and intensity of CLR use. The 

caste system prevalent in the Indian society has a 
significant impact upon the economic activity of an 

individual. The family size has a direct role in the 
demand for food and other necessary items for 

sustenance. The mode of land use is also related to 

the size of landholding. Similarly, the sources of 
income are also determined by the size of 

landholding of an individual. All these factors have a 
direct or indirect relationship with the access, 

utilization and income from CLR in the study area. 
Thus, 31 socio-economic variables (table 8) were 

selected at village level from the primary data obtained 

through field survey to analyze the dynamic nature of 
the factors responsible for the degree and mode of 

utilization of the CLR in the study area. The selected 
variables given in table 8 were categorized into six broad 

categories. Thus, for each variable, 20 observations, one 

from each sampled village were recorded. Table 9 gives 
the coefficient of correlation of the selected variables. 

The details of the coefficient of correlation of the 
individual variables are discussed as follows: 

Caste Structure 
Caste structure of every sampled village was found 

to be unique. The percentage of large families (X6) has 

strong positive correlation (0.85) with the SC/ST 
households (X3). The OBC households (X2) had a 

positive relationship (0.85) with those who are 
educated up to high school (X8), whereas general class 

(X1) had a positive relationship (0.83) with those who 

are graduate (X10). The relationship of landholding for 
OBC households (X2) was found to have strong positive 

association with percentage of marginal (X14), small 
(X15) and semi-medium(X16) landholders at 0.68, 0.73 

and 0.60, respectively. The sources of income from 
other sources (X23) is positively correlated with X1 and 

X2. There is a relationship between X2 and income from 

business (X20) and animal husbandry (X21). Thus, we 
find that the agriculture is mainly preferred by OBC 

and SC/ST households, whereas the other sources of 
income are found for the general class. The OBC 

households were found to be involved in animal 

husbandry and business. This is an indicator of 
declining agricultural benefits, leading to diversification 

of livelihoods in the study area. 
The number of households using CLR (X24) has 

strong relationship between X24 and X2 at 0.82. This 

shows that the maximum use of the CLR is 
undertaken by the OBC and SC/ST households. It 

was found that use of CLR for other uses (X29) was 
strongly correlated positively with X1, X2 and X3 at 

0.85, 0.98 and 0.86. A strong positive relationship of 

X2 with (X28) at 0.93 and X26 at 0.64 was found. The 
SC/ST households (X3) also showed a positive 

relationship with X28 and X27 at 0.86 and 0.77. The 

relationship between the share of CLR income and 
the total income of users (X31) reveals that OBC 

households extract more benefit from CLR and thus 
their share of CLR income per household is higher. 

 

Table 8: Selected Socio-economic Variables of 
Respondents at Village Level 
Variable Description 

Caste Structure 

X1 Percentage of General Households  

X2 Percentage of OBC Households  

X3 Percentage of SC/ST Households  

Family Size 

X4 Percentage of Small Families 

X5 Percentage of Medium Families 

X6 Percentage of Large Families 

Educational Status 

X7 Percentage of Illiterate Respondents 

X8 Percentage of Respondents Educated up to High 
School Level 

X9 Percentage of Respondents Educated up to 
Intermediate Level 

X10 Percentage of Respondents Educated up to 
Graduation Level 

X11 Percentage of Respondents Educated up to 
Higher/Technical Level  

Landholding Status 

X12 Percentage of Landless Households 

X13 Percentage of Landholders 

X14 Percentage of Marginal Landholders  

X15 Percentage of Small Landholders 

X16 Percentage of Semi-medium  Landholders 

X17 Percentage of Medium Landholders 

X18 Percentage of Large Landholders 

Main Source of Income 

X19 Percentage of Households with Major  Source of 
Income from Crop Cultivation 

X20 Percentage of Households with Major  Source of 
Income from Business/Job 

X21 Percentage of Households with Major  Source of 
Income from Animal Husbandry 

X22 Percentage of Households with Major  Source of 
Income from Agricultural Labour 

X23 Percentage of Households with Other Sources of 
Income 

CLR: Access, Utilization and Income 

X24 Percentage of Households Using CLR 

X25 Percentage of Households Using CLR for Agro-
Forestry 

X26 Percentage of Households Using CLR for Crop 
Cultivation 

X27 Percentage of Households Using CLR for Social-
Forestry 

X28 Percentage of Households Using CLR for  
Pasture/Grazing land 

X29 Percentage of Households Using CLR for Other 
Purposes 

X30 Average Annual CLR Income of Household (in Rs/-) 

X31 Percentage Share of CLR income to Total 
Household Income   
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Table 9: Correlation Matrix of Selected Socio-economic Variables of Respondents in Sampled 

Villages of Allahabad District  
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 X25 X26 X27 X28 X29 X30 X31

X1 1.00

X2 0.00 1.00

X3 0.00 0.93 1.00

X4 0.05 0.28 0.14 1.00

X5 0.08 0.23 0.28 0.00 1.00

X6 0.48 0.39 0.85 0.17 0.00 1.00

X7 0.05 0.25 0.17 0.64 0.47 0.46 1.00

X8 0.57 0.85 0.47 0.00 0.01 0.19 0.63 1.00

X9 0.04 0.12 0.22 0.22 0.16 0.30 0.01 0.70 1.00

X10 0.83 0.28 0.37 0.37 0.34 0.53 0.27 0.23 0.11 1.00

X11 0.48 0.65 0.89 0.03 0.03 0.20 0.41 0.00 0.84 0.11 1.00

X12 0.37 0.34 0.02 0.26 0.60 0.72 0.04 0.89 0.34 0.27 0.88 1.00

X13 0.37 0.34 0.02 0.26 0.60 0.72 0.04 0.89 0.34 0.27 0.88 0.19 1.00

X14 0.23 0.68 0.06 0.09 0.07 0.27 0.53 0.01 0.12 0.37 0.06 0.51 0.51 1.00

X15 0.06 0.73 0.04 0.04 0.04 0.23 0.35 0.02 0.02 0.40 0.18 0.59 0.59 0.00 1.00

X16 0.30 0.60 0.08 0.04 0.02 0.08 0.70 0.00 0.19 0.52 0.07 0.95 0.95 0.00 0.00 1.00

X17 0.53 0.32 0.88 0.33 0.20 0.27 0.46 0.93 0.72 0.77 0.17 0.14 0.14 0.39 0.87 0.86 1.00

X18 0.33 0.73 0.26 0.27 0.19 0.31 0.02 0.08 0.11 0.84 0.05 0.77 0.77 0.29 0.23 0.17 0.41 1.00

X19 0.25 0.80 0.40 0.17 0.22 0.59 0.69 0.92 0.97 0.82 0.78 0.54 0.54 0.55 0.22 0.77 0.50 0.96 1.00

X20 0.38 0.68 0.34 0.11 0.06 0.17 0.53 0.50 0.78 0.81 0.94 0.20 0.20 0.67 0.42 0.23 0.04 0.40 0.21 1.00

X21 0.17 0.62 0.08 0.44 0.67 0.87 0.81 0.38 0.33 0.36 0.51 0.94 0.94 0.75 0.63 0.24 0.07 0.57 0.03 0.53 1.00

X22 0.09 0.38 0.27 0.85 0.88 0.97 0.02 0.20 0.28 0.17 0.45 0.17 0.17 0.77 0.82 0.61 0.55 0.85 0.01 0.51 0.85 1.00

X23 0.58 0.58 0.22 0.05 0.29 0.75 0.07 0.00 0.88 0.49 0.37 0.90 0.90 0.10 0.06 0.05 0.31 0.66 0.83 0.44 0.15 0.06 1.00

X24 0.83 0.82 0.57 0.59 0.20 0.10 0.37 0.11 0.34 0.72 0.35 0.79 0.79 0.04 0.15 0.00 0.75 0.33 0.02 0.48 0.01 0.47 0.42 1.00

X25 0.63 0.18 0.09 0.46 0.22 0.20 0.91 0.29 0.19 0.10 0.47 0.32 0.32 0.01 0.04 0.02 0.74 0.76 0.40 0.43 0.82 0.93 0.65 0.50 1.00

X26 0.38 0.64 0.19 0.06 0.03 0.12 0.85 0.01 0.11 0.04 0.02 0.84 0.84 0.00 0.00 0.00 0.51 0.13 0.76 0.07 0.59 0.21 0.07 0.15 0.00 1.00

X27 0.12 0.06 0.77 0.10 0.04 0.10 0.98 0.21 0.13 0.13 0.46 0.04 0.04 0.08 0.05 0.03 0.19 0.75 0.75 0.53 0.20 0.94 0.61 0.10 0.75 0.17 1.00

X28 0.85 0.93 0.86 0.48 0.29 0.29 0.32 0.64 0.26 0.01 0.81 0.67 0.67 0.63 0.75 0.68 0.66 0.87 0.45 0.33 0.34 0.93 0.49 0.23 0.04 0.28 0.48 1.00

X29 0.85 0.98 0.86 0.40 0.25 0.30 0.99 0.60 0.88 0.68 0.40 0.87 0.87 0.85 0.89 0.84 0.10 0.10 0.69 0.37 0.56 0.55 0.79 0.55 0.98 0.88 0.41 0.31 1.00

X30 0.23 0.39 0.02 0.11 0.19 0.65 0.38 0.06 0.12 0.30 0.09 0.02 0.02 0.00 0.00 0.00 0.04 0.52 0.41 0.86 0.75 0.98 0.25 0.32 0.00 0.01 0.72 0.37 0.67 1.00

X31 0.52 0.40 0.11 0.34 0.38 0.69 0.60 0.08 0.37 0.33 0.08 0.08 0.08 0.00 0.00 0.00 0.01 0.94 0.99 0.38 0.67 0.63 0.39 0.10 0.01 0.06 0.56 0.74 0.84 0.00 1.00

Correlation is significant at 0.05 level (2-tailed).  
 
Family Size 

The size of family is directly related to literacy, 
income, expenditure, major source of income and 

use of Common Land Resources.  The medium and 

large families (X5 and X6) were positively correlated 
with landless households (X12) at 0.60 and 0.73 

respectively. The medium size family (X5) was 
positively correlated with income from animal 

husbandry (X21) and agricultural labour (X22). 
Furthermore, the percentage of large families (X6) 

was found to have the strongest relationship with 

agricultural labour (X22) because it is of high 
demand and is needed throughout the year. The 

average CLR income per household has a positive 
relationship (0.65) with the percentage of large 

families. Similarly, the percentage share of CLR 

income to total income (X31) was found to be 
positively correlated with (X6) at 0.69. 

 
Literacy level 

Literacy has a major impact upon the social and 
economic aspects of an individual. The relationship 

between illiterates (X7) and marginal landholders 

(X14) was positively correlated at 0.53.  The role of 
literacy was found to influence the number of 

households using CLR. Thus, X9 was found to be 
positively correlated with X24 at 0.72. The mode of 

utilizing the CLR is also governed by the literacy. 

Thus, the illiterates (X7) were found to be positively 

correlated with agro-forestry (X25), crop cultivation 
(X26), social forestry (X27) and other uses (X29) at 

0.91, 0.85, 0.98 and 0.99, respectively. The 

pastures/grazing land was found to be positively 
correlated with higher education (X11) at 0.81, 

thereby indicating the preference of educated people 
towards practicing animal husbandry on commercial 

basis. The illiterates were more associated with the 
use of CLR. Thus, the average CLR income per 

household (X30) and percentage share of CLR income 

to total income (X31) were positively correlated with 
illiterates (X7) at 0.37 and 0.60. 

 
Landholding Status 

The landless were also found to have a positive 

relationship with animal husbandry (X21) and other 
sources of income (X23) at 0.94 and 0.90. The use of 

CLR is a source of income for the landless people. 
Thus, we find a positive relationship between X12 

and X24. They were also found to be positively 
associated with X26, X28 and X29. The households 

using CLR (X24) were found to be positively related 

with the percentage of medium landholders (X17) at 
0.75. Further, large landholders (X18) were positively 

correlated with average CLR income per household 
(X30) and percentage share of CLR income to total 

income (X31) at 0.52 and 0.94. 
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Major Source of Income 
The major source of income is an indicator of a 

person’s social status and it is also responsible for 

the need to generate extra income for sustenance. 
The households having major source of income from 

crop cultivation (X19) were positively correlated with 
other source of income (X23) at 0.83. Thereby, it 

indicates the low income from crop cultivation and 

need for generating extra income. Furthermore, for 
X19 , the strongest relationship was found for crop 

cultivation (X26) followed by social forestry (X27) at 
0.76 and 0.75 respectively. The households with the 

major source of income from animal husbandry (X21) 
were positively correlated with X22, X25, X26, X30 and 

X31 at 0.85, 0.82, 0.59, 0.75 and 0.67, respectively. 

Further on, strong positive relationship was found 
between X22 and X25, X27 and X28 at 0.93, 0.94 and 

0.93 levels. The use of CLR by the agricultural 
labourers results in economic gains through various 

modes, showing a strong positive relationship. 

Finally, it leads to more CLR income per household. 
Therefore, X22 is positively related with X30   (0.98) 

and X31 (0.63).  
 

CLR: Access, Utilization and Income 
The use of CLR through different modes 

determines the income of the users. They are 

interdependent upon each other. Thus, we find that 
there is a positive relationship between the 

households using CLR (X24) and X25 and X29 at 0.50 
and 0.55. Furthermore, the households using CLR 

for agro forestry (X25) were also found to be 

positively associated with X27 and X29 at 0.75 and 
0.98. This shows that with the increase in the 

households using CLR for agro forestry, there will be 
an increase in the households using CLR for social 

forestry and other uses also. Similarly, positive 

relation is seen between households using CLR for 
social forestry (X27) and X28, X29, X30 and X31   at 

0.48, 0.41, 0.72 and 0.56. The relationship between 
X28 and X31 was found to be at 0.74. Therefore, it 

can be stated that with the increase in the number 
of households using CLR for pasture/grazing land, 

the percentage share of CLR income to total income 

also increases. The relationship of X29 with X30 and 
X31 was also found to be positive at 0.87 and 

0.84.This reveals that the CLR are used for other 
purposes by a large number of users. 

Conclusion and Suggestions 

The present study reveals that the socio-

economic factors have a major role in the 
management of CLR in the study area. The caste 

structure being different in almost every village, it 

had a different role in all the sampled villages; it 
was found that SC/ST households were associated 

with large family size. Higher levels of education and 

landholdings was found to be correlated with 
general class while the OBC households were 

positively related to animal husbandry  and the use 

of CLR as pasture/ grazing land. The small and 
medium family size was found to be related to the 

respondents having animal husbandry as main 
source of income while landless households were 

found to be positively correlated with percentage of 

large families. Further, the average CLR income per 
household and share of CLR income to total 

household income has a positive relationship with 
the percentage of large families.  

Literacy has a noteworthy effect upon the CLR 
utilization. The illiterates were found to be associated 

with marginal landholdings, animal husbandry as 

main source of income and higher degree of CLR 
utilization. The landlesshouseholds were found to be 

strongly correlated with animal husbandry and 
utilization of CLR for pasture/grazing land. Further, 

strong relationship is seen between medium and 

large landholders and the use of CLR for agro-
forestry. The households with major source of income 

from agricultural labourers were also found to have a 
positive correlation with households using CLR. 

Finally, it is seen that there is a positive relationship 
between households using CLR and the different 

modes of CLR utilization.A strong positive relationship 

is found between use of CLR for agro-forestry and 
social forestry. Similarly, positive relationships among 

households using CLR for pasture/grazing land the 
percentage share of CLR income to total income of 

the household is also observed.  

The study thus reveals the economic relevance of 
CLR to large rural population in the study area. The 

sharp decline in forests in different blocks can be 
checked by government schemes of rural 

development focusing on afforestation. Similarly, 

wasteland can be reclaimed by social forestry, 
contour trenching and embankments to block the 

flow of water.The grazing land is declining very fast 
in the district. Thus, the present grazing 

land/pastures should be protected from over grazing 
by controlled/selective grazing. The quick growing 

shrubs, bushes and grasses along with saplings of 

teak, bamboo, Kikar (Acacia nilotica), Bahera 
(Terminalia Belerica) and oilseeds can be planted to 

provide fuel wood, fodder for animals and income 
for the local people.The increase in barren land 

should be checked. The barren lands can also be 

converted into productive assets through 
afforestation of trees, which require less water. The 

present study reveals the importance of CLR for the 
landless people, small and marginal farmers. These 

lands can be allotted to landless people for a small 
period of time. This will ensure proper utilization, 

prevention of overuse and conservation of the CLR. 

There is an urgent need to formulate adequate laws 
to check the rampant use of these resources. The 
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local administration should be vigilant to check the 
trespassers. Participatory approach to the 

conservation of the resources seems to be the most 

suitable option. The formation of Village 
Development Committees or Village Integrated Rural 

Development Committees is necessary for effective 
conservation and management of common 

resources .Thus, there is an urgent need to focus 

upon the conservation of CLR through different 
means in order to provide livelihoods and economic 

support to CLR users and to uphold sustainable 
regional development. 
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Abstract 

As the local agriculture in the era of globalization is often no 
more competitive, it cannot serve as the main source of local 
population's income. A relatively intact nature of peripheral 
regions together with other attractions creates a suitable basis 
for tourism, which can partly substitute agriculture and bring 
some capital for local development in rural areas. However, in 
the Central and Eastern Europe the development of tourism 
meets serious limits, such as seasonality, insufficient 
infrastructure, lower quality of human capital, lack of 
investments etc. The situation is documented on the cases of 
Eastern Moravia (Bojkovice micro-region) and Czech villages in 
Romanian Banat. Conditions for tourism development in rural 
periphery are discussed. 

Keywords:  tourism, periphery, rural development, Moravia, 

Banat  

Rezumat. Rolul turismului în dezvoltarea 
spațiului rural periferic. Studiu de caz: Estul 
Moraviei și Banatul Românesc  
Întrucât de cele mai multe ori agricultura locală în era globalizării nu 
mai este competitivă, această activitate nu mai poate fi principala 
sursă de venit pentru populația locală. Natura relativ intactă a 
regiunilor periferice, precum și alte atracții reprezintă premise 
favorabile pentru dezvoltarea turismului, care poate substitui parțial 
agricultura și aduce capital pentru dezvoltare locală în mediul rural. 
Totuși, în Europa Centrală și de Est, există bariere semnificative 
pentru dezvoltarea turismului, legate de  sezonalitate, infrastructură 
deficitară, calitate redusă a capitalului uman, lipsa investițiilor etc. 
Această situație este dezbătută analizând cazul Moraviei de Est 
(micro-regiunea  Bojkovice) și satele de cehi din Banatul Românesc. 
Sunt analizate condițiile pentru dezvoltarea turismului  într-o zonă 
rurală periferică.  

Cuvinte-cheie: turism, periferie, dezvoltare rurală, Moravia, 
Banat  

 

Introduction 

Peripheral countryside is usually situated in 
mountain, worse accessible positions with not 

advantageous conditions for intensive agriculture, 
often in the borderland. Small and very small 

villages prevail in the settlement structure. Socially, 
the periphery is characterized by population ageing, 

by lower education level (due to the emigration of 

young and qualified people) as a rule. Its economy 
suffers from the lack of investments. Despite of not 

suitable agricultural conditions, over average 
employment in this branch is often shown. Industrial 

branches do not belong to the innovative ones – if 

there are any. Social services (mostly public as 
education, health and social care and 

administration) form the main part of the tertiary 
sector. On the other side, the nature of peripheral 

regions is often relatively less affected by human 
activities.  

What remains under such conditions? Various 

regional agencies and experts recommend a 
development of tourism using local natural 

potentials. Truly, it seems that there is hardly any 
other branch which could be prospective in 

peripheral regions. In fact, the possibilities of 

tourism development in peripheries are also limited. 

Following obstacles can be named: seasonality, 
insufficient infrastructure, lower level of general 

services in individual destinations, lack of local 
money to be invested into tourism services, lower 

preparedness of local people to make business in 
tourism, insufficient collaboration of local actors in 

tourism.  

Nevertheless, tourism is one of economic 
branches which should be developed in peripheral 

rural areas. It can bring some jobs and (small) 
economic benefits but it plays also an important 

social role: it keeps the respective rural territory in 

minds of public, protects from the isolation, ensures 
contacts between local people and tourists etc. The 

paper warns from too optimistic imaginations 
connected to the tourism development in peripheral 

areas. Two case study areas were chosen: South-

eastern Moravia on the turn of Moravian Wallachia 
and Moravian Slovakia (micro-region of Bojkovice) in 

the Czech Republic and Romanian Banat (Czech 
villages among Romanian and Serbian settlements in 

the Danube Gorges - Clisura Dunării) in Romania.  

Tourism and periphery 

Tourism is defined as activities of people 

travelling to and living in places out of their usual 
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milieu for a time shorter than one whole year with 
the aim of spending the free time and/or business 

trips (United Nations World Tourism Organization). 

The tourism is an important part of economy 
because it brings financial sources not only from 

domestic but also from foreign subjects. Some other 
branches are connected with the tourism: 

gastronomy, accommodation, retail, culture, sport, 

transport, information, guide and logistic services, 
advertising.  

There are more definitions of periphery. In 
geography, the periphery is perceived as a result of 

the relation core – periphery. As such, the periphery 
is a result of objective economic and geographical 

processes. Peripheries (and cores) exist on all the 

levels of territorial organization. We speak about the 
micro-regional level because the rural periphery 

should not include regional centres. According to Liu 
& Wall (2006), tourism development in rural 

peripheral communities often starts with the 

recognition of its potential as an attractive 
environment (Banki and Ismail, 2015). 

At the dawn of a new millennium, Europe´s rural 
areas are confronted with the task of re-inventing 

themselves (Labrianidis, 2004). Originally dominant 
agriculture and forestry retreat in favour of non-

productive services connected with rapid 

development of information and communication 
technologies among others. They become to be 

multifunctional. At the same time, rural areas 
increasingly differentiate within general widening the 

gap between rich and poor in the present period of 

capitalist development. Periphery in particular has to 
look for new activities. Should tourism be one of 

such activities?  
Tourism is widely seen as being of considerable 

economic and social benefit to rural areas through 

the income and infrastructural developments it may 
bring to marginal and less economically developed 

regions (Hall, 2005). In so many Europe´s rural 
areas, tourism is seen as the main source of 

“economic salvation” but the decision to put tourism 
center-stage in a local development program is often 

based more on hunch and a sense of what else can 

we do than upon firm analysis (Moseley, 2003).  
Present and future development of tourism is 

connected to some of the main social trends in 
developed countries, namely with the general shift 

of the activities from productive to unproductive 

branches and with the consumerist oriented 
postmodern society. Peripheral areas are often 

characterized with relatively less touched nature as 
a consequence of insufficient economic development 

in the past. Seemingly, tourism could be the right 
branch for regional development in many peripheral 

micro-regions. But is it true also in reality?  

The tourism development meets some serious 
obstacles in the periphery. Firstly, tourism is 

sensitive both to objective and subjective influences. 
Weather conditions in relation to expressive 

seasonality belong among the first group of 

problems. Tourist destinations are also a subject to 
fashion impacted by media. Social unrest not only 

directly in the region but also in its vicinity could 
hamper the influx of tourists (see e.g. problems of 

successor states of Yugoslavia in the 1990s).  

Insufficient tourist infrastructure is another 
problem of peripheral areas. It is not only direct 

infrastructure (accommodation and gastronomic 
facilities) but general infrastructure of the regions 

(quality of roads, retail facilities, information 
services, accompanying equipment’s like sport 

facilities, cultural and sport institutions etc.). 

Regarding the weather conditionality, some 
substitution for the case of bad weather is necessary 

to be available. There is usually a lack of local 
investments to overcome such problem in a short 

time. If the financial sources come from the outside, 

also benefits are moving out. 
Human potential belongs to the main problems in 

peripheral micro-regions. The following problems are 
seen in this field: lower level of formal education, 

prevailing skills for productive branches and 
employment psychology in some cases. The people 

often learn to possess individual activities but they 

are not familiar with supplementary activities like 
marketing or advertising. These shortages are 

sometimes substituted by an outstanding hospitality.  
Who are usual consumers of commercial tourism 

in peripheral regions? The rich tourists (who could 

bring the highest profit) usually pass the periphery 
because of an insufficient infrastructure. Peripheral 

regions are preferred by people from (lower) middle 
classes, including seniors who are looking for natural 

beauties and quiet milieu. Tourists interested in 

exploring nature (both professionals and nature 
lowers) form the second group of tourists in the 

periphery. This group does not see the lack of 
infrastructure as disadvantage because it does not 

harm the nature so much.  
What are then the main possibilities to bring 

money to peripheral regions? It has hardly any 

financial effect to bring tourist, who are 
accommodated in a regional centre outside of the 

respective peripheral area only to see natural or 
architectonical beauties. On the contrary, to let 

tourists be accommodated in the area brings more 

money for the micro-region. Moreover, people who 
spend the night in the territory usually spend also 

some money in local shops or services. For this 
reason, it is recommended to have a possibility to 

accommodate at least 40 – 50 people (one bus 
capacity) which is many times a problem. Also other 

entrepreneurs in the territory should be interested 

and prepared for the potential visitors. It could be 
sometimes a problem due to the capacity of services 
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which usually reflects the demand of local 
population.  

The study focused on particular problems of 

tourism development in two peripheral micro-
regions in two post-socialist countries that accessed 

European Union after the turn of their political 
regimes. The aim of the paper is to discuss the 

problems and propose suitable solutions for tourism 

development in the periphery.  
The methodology of the paper consists in critical 

evaluation of the selected cases, the best practices 
and the most problematic activities. The evaluation 

is based on hard (statistical) data, sociological 
methods (mostly interviews) and literature research. 

Finally, an attempt to generalize the possibilities of 

tourism development in peripheral micro-regions is 
done.  

Case study Eastern Moravia 

Eastern Moravia region in the Czech Republic is 
represented by Bojkovice micro-region. The territory 

is situated on the Czech-Slovak border. The border 

which had been a borderline between the Czech 
kingdom and Hungary for a thousand of years was 

an internal border within former Czechoslovakia in 
1918 – 1938 and 1945 – 1993. Its turn into standard 

European border has changed the main orientation 

of the transport directions from the West – East to 
the North – South and the territory became 

substantially peripheral. The micro-region falls within 
the Uherské Hradiště district and Zlínský region. 

Uherský Brod town ensures some urban services 
which are not at disposal in Bojkovice. The largest 

Moravian spa - Luhačovice is the well-known place 

in the surroundings (fig. 1). 
 

Fig. 1: The Bojkovice micro-region (Drawn by J. Pokorná) 

The micro-region is distanced from the main 
transport junctions and high-speed communications. 

It is situated on the 2nd class road No. 495 with the 
traffic of about 2,000 vehicles per day and on the 

regional railway Brno – Vlára pass (since 1888) 

which lost much of its importance after the division 
of former Czechoslovakia in 1993. Brno city is 

distanced 110 km and aprox. 1.5 hour by car. Brno 
– Tuřany is the closest international airport; 

however Vienna – Schwechat airport ensures the 
connection with the most important European 

destinations. Zlín city - the own regional centre is 
distanced 40 km or 46 minutes by car along the 2nd 

class road No. 493. 

The micro-region consists of Bojkovice small 
town (population 4,396) and 10 villages, where 

three of them are forming an administrative parts of 
the town. Total population number (if not stated 
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otherwise, the population data for Czech Republic 
relate to the 2011 population census) of the micro-

region is 8,788. The economy was originally based 

on the extensive agriculture, forestry, handicrafts. 
The men of the area were engaged in a special 

branch – castrating of animals. They commuted on 
the whole territory of the Austro-Hungarian empire 

and neighbouring countries with this profession 

every summer. Armament industry was found in 
Bojkovice in the period of the endangering of 

Czechoslovakia in 1936. ZEVETA Bojkovice Weapon 
factory is the largest factory in the area also at the 

present time. There is also an ecclesiastic secondary 
school in the town (fig. 2). 

 

Fig. 2: The main street in Bojkovice has a rural 
character (Photo author) 

The communes join with the Association of 

Communes Bojkovsko. The Association is a member 
of Local Action Group (LAG) Bojkovsko. The LAG is 

oriented to support agriculture and forestry sectors. 

It is a tool to help on economic stability and 
landscape maintenance, on the protection and use 

of the natural potential, on the tourism development 
and on the human development, especially 

increasing the education level of population. The 

territory also falls within the Bílé / Biele Karpaty 
Czech – Slovak euro region. 

A part of the territory is protected by law as Bílé 
Karpaty Protected Landscape Area (White 

Carpathian Mts.) since 1980. The area was classified 
as the UNESCO biosphere reserves in 1996. The 

mountain range (dividing Moravia and Slovakia) 

reaches 970 m above the sea level (Mt. of Velká 
Javořina). Flowery Carpathian meadows (especially 

orchids), oak forests and small villages are typical 
for the landscape. Protected landscape area has its 

counterpart also at the Slovak territory.  

The village and community of Hostětín 
(population 236) are known as a centre of ecological 

education in the facility of the Veronica Ecological 
Institute. The region is also known as a territory 

where the bishop of Unity of Brethren  - Jan Ámos 
Komenský (1592 – 1670), world-known by his 

progressive opinions in the sphere of teaching, was 

born. Komňa (population 540) is one of his possible 
birthplaces.  

The territory of the micro-region disposes a nice 
and valuable landscape. Also several destinations of 

a high historical significance connected mostly with 

the former defences of the Hungarian frontier are 
present in the territory. However, the infrastructure, 

tourist services and services in general are relatively 
poor there.  

Nový Světlov Chateau  Case 

The original castle built in 1480 situated above 

Bojkovice was completely reconstructed in the style 

of Tudor Gothic in 1856. It was owned by Rolný 
family - well known entrepreneur in the clothing 

industry till 1946. After 1989, the chateau was 
returned in the restitution to the family. The owner 

reconstructed the building into a relatively luxury 
hotel with related equipment (tennis courts, riding 

school etc.). Conference tourism was one of his 

aims. Unfortunately the project was not successful 
and the hotel ended in the bankruptcy. Later on it 

was purchased by another private firm from Prague. 
Finally, Public Service Company was found in 2007 

as the join venture of the private owner and the 

town of Bojkovice. This case of public – private – 
partnership functions as a hotel, restaurant (but also 

as a museum till 2008), cultural centre and the 
Ceremonial Hall for the town. At the present time, 

the double room costs CZK 1,500 (cca EUR 60). The 
capacity of the hotel performs 72 beds (fig. 3). 

 

 

Fig.3: Nový Světlov chateau (Photo author) 

The question is why the original idea of the 

luxury hotel was not successful. Not taking into 
account particular ways of economy of the owner, 

we can notice social and geographical reasons. The 
geographical position is the first problem. The place 

which is so distanced from international airports, 
motorways and high-speed railways cannot be a 

destination for the conference tourism, neither for 

rich holiday guests. General level of services and 
absence of complementary activities in the micro-

region is the second reason. It is not enough to 
have the first-class hotel. Another question is what 

the guests would do in the micro-region, if there is 

no complementary attraction. They will not be 
motivated to come. Luhačovice Spa could be 

considered as the only attraction in this micro 
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region; however the spa has its own accommodation 
possibilities. 

The particular conclusion is that the luxury hotel 

is an activity which is not appropriate for the 
conditions of the peripheral countryside. Holiday 

resorts for rich people form a world-wide network 
and it is very difficult to penetrate into it, especially 

in peripheral areas.  

Eurocamp  Case 

Euro camping Bojkovice is another 

accommodation possibility in the micro-region. Its 
capacity is 97 beds in bungalows (besides of places 

for tents and trailers). The area also contains a 
swimming pool. The camping is sought by Dutch 

tourists (the webpage of the facility is in Czech, 
English, Dutch and Danish; the fact defines the 

range of visitors). Of course, the operation is limited 

from April to September. The camp management 
prepares open-air cultural and sport programs. The 

camping is a prosperous enterprise.  
The question is what is the competitive 

advantage of the camping compared to the luxury 

hotel? It is the price of the stay: indeed but not 
only. The camping is suitably directed to the visitors 

from European countries with very flat and 
monotonous landscape (the Netherlands and 

Denmark). The landscape of White Carpathian 
Mountains offers undulating relief with many 

opportunities of biking, hiking, cognition of different 

landscapes to compare it with their home countries. 
The visitors are mobile using their own transport 

sources. They are able to visit also more distanced 
destination on both sides of the state border. The 

peripherality of the region could be then an 

advantage because it means a relaxation from the 
dense populated cities in Western Europe. The 

phenomenon of Dutch tourists in the Czech milieu 
was emphasized by Horáková (2013) who described 

the creation of Dutch recreational villages in the 

Czech Republic. 

 Hostětín  ecological village 

The micro-region contains also a very special 

attraction. Veronica Ecological Institute has chosen 

for its location the small village of Hostětín. It built 
an education centre there with the capacity of 25 

beds, 50 seats for meetings/educational activities or 
100 places for social events. The Centre offers a 

tour through ecological projects like a passive 

house, biomass heating, reed-bed sewage, apple 
juice plant, fruit drying kiln etc. The food is mostly 

based on local bio-products and fair-trade products.  
The Centre became a destination for a very 

special kind of tourism. It is visited by ecologists, 

both professionals and amateurs and also school 
excursions and similar events. Charles, prince of 

Wales was the most prominent visitor of the place 

during his stay in the Czech Republic in 2010. The 
Centre is used for workshops, seminars and 

conferences but also as a base for ecological 

research in the territory of the White Carpathian 
Mts. Participants in such activities do not expect any 

special services in the micro-region as they accept 
the protected landscape and nature as an 

unrepeatable attraction for themselves. 

Of course, this example is unique in the region. 
As a matter of fact, its prosperity is based on this 

uniqueness which is the result of landscape 
beauties, suitable idea and ability to realize it. 

However, such an activity could arise also in other 
regions with special quality of landscape.  

It is necessary to ask whether it would be also 

possible to use the memory of famous J. A. 
Komenský to create a special kind of tourism 

development in the micro-region. The Unity of 
Brethren has been transformed into Moravian 

Church settled in Bethlehem, Pennsylvania. The 

church has more than 800,000 members world-wide 
and operates Moravian College (founded in 

Bethlehem 1742). About 1,500 students of the 
bachelor level study in the college. Biology and 

environmental sciences are among the most popular 
subjects there. Both the church and the college 

report to the legacy of J. A. Komenský. Could it be 

possible to connect Moravian College, the Komenský 
memory and the Ecological Centre Veronica? This 

might be a challenge for local organizers.  

General evaluation  

Špirit (2008) carried out a questionnaire in the 
Bojkovice area few years ago. 345 respondents were 

Czech, 40 Slovak and 39 Dutch. He found that 

Bojkovice area is the main destination for 60% of 
tourists, the rest of people visit the town however, 

staying in other places (mostly Luhačovice spa and 
Brumov castle). More than 60% of the visitors are 

not accommodated in the micro-region; on the 

contrary, 25% of them spend more than three 
nights here. The Eurocamping is the most frequent 

accommodation service for the tourists, followed by 
the Nový Světlov hotel and Luhačovice spa. It is a 

good result as it shows that Bojkovice has its group 
of regular customers who are accommodated here. 

The case of Bojkovice micro-region illustrates the 

example where, despite the less developed 
infrastructure, it is possible to find some options and 

motivations for the tourism development. It usually 
covers connection of suitable local attractions which 

can be either general (like relatively less intact and 

protected nature) or quite unique (like special 
architectonical, historical or cultural monuments or 

traditions) with creative people and their ideas. It is 
hardly possible to provide any general instruction 

how to develop the tourism in the periphery, 
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however the best practices introduced above might 
inspire people also in other/similar regions. 

Case study: Romanian Banat  

Czech villages in the Danube Clisura territory of 

the Romanian micro-region are the second subject 
of our study. The centre of the micro-region is 

represented by a small town Moldova Nouă, an 
important river port in the past. The territory is 

situated on the Romanian-Serbian border by a deep 

canyon of the Danube (Fig. 4). A part of the micro 
region is situated in Valea Mare natural reserve and 

Iron Gates natural park (Klvač et al., 2011).  
The micro-region belongs to the Caraş-Severin 

county. The county belonged economically to the 
national average in 2000; its value of the composite 

index of disparities was 0.92 in 2000. However, the 

county has descended during the time as the same 
indicator shows 0.82 in 2005 due to the high 

unemployment evoked by the economic shakeout 
(Goschin et al., 2008). 

Czech villages were established in 1820s, when 

the area was colonized by inhabitants from 
Bohemia. By that time, the area was a military 

border of the Habsburg monarchy. The local 
communities had constituted themselves till the half 

of the 19th century. They have consequently 
evolved in a relative isolation from their Romanian 

surrounding given both a physical (big distances) 
and cultural barrier. Six of them remain till 

nowadays, namely Sfanta Elena, Gârnic, Ravensca, 

Bigăr, Eibenthal and Şumiţa.  
This area went through very dynamic changes 

during the last 20 years, which brought a re-
evaluation of life attitudes and a local communities 

comparing to schemes which have been formed over 

more than 200 years. Agriculture was the most 
important activity of inhabitants except profitable 

copper mining has been totally stopped years ago, 
leading to a dramatic unemployment of the whole 

area. After the collapse of the mining industry, 
agriculture has become the main activity of the local 

population. It is still being performed in a traditional, 

self-supplying, hard-working way, which is equal to 
the level of agriculture performed one hundred 

years ago, without hard machinery and mostly with 
manual work. Modernization broke into the life of 

local population in a very significant way and rather 

a fascination by the technical conveniences and 
possibilities of modern life without being aware of 

the risks linked to it as it can be observed. The self-
sufficient and neighbouring landscape closely 

connected community has become increasingly 
dependent on its surrounding (urban) environment. 

Here is a potential to establish the traditional 

relations.

 

Fig. 4: Romanian Banat – the area under study (Drawn by J. Pokorná) 

 



 
 

Role of tourism in the development of peripheral countryside. Case studies of Eastern Moravia and Romanian Banat 

© 2016 Forum geografic. All rights reserved. 90 

The life as such is hard in this area, however due 
to the lack of modern technologies it is 

environmentally friendly place recently. 

Nevertheless, the modernization dramatically stroke 
into Banat region after the end of the Ceausescu 

communist regime in 1989. Within the context of 
political changes and travel possibilities, people from 

the Czech Republic have rediscovered their 

countrymen in Romania and a rather busy 
movement has been developed there as a 

manifestation of nostalgic tourism. Nostalgic tourism 
is a segment of tourist market within which the 

consumers are looking for their own ancestral roots 
(Russell, 2008). In this special case, we can speak 

about a both-sided nostalgic tourism. Czechs from 

Banat visit the homeland of their families (mainly 
western and central Bohemia), whereas Czechs from 

the Czech Republic visit Banat to find out and 
experience the original lifestyle. It is also necessary 

to take into account that nostalgic tourism relates to 

the identity of place (Chan, 2010). It seems that 
both aspects (looking for roots and maintenance of 

the identity) can be partly kept also under rather 
modern way of life in the future. It is the question of 

keeping traditions, establishment of museums of 
various types etc. Some natives from the Czech 

villages in Banat make efforts in this sense, but 

unfortunately the young population mostly turns to 
seemingly more favourable globalized world.  

At the same time, a wave of strong migration 
from Banat villages to the Czech Republic started. 

Mostly young people re-emigrated to former 

Czechoslovakia in 1991 and 1992 and depopulation 
of these villages has continued. The main reason for 

leaving the place was the lack of job opportunities in 
the surrounding area. The depopulation has had a 

significant impact not only on the local society, but 

on the local landscape as well. The landscape 
character is continuously, but dramatically changing. 

Moreover, the entrance into EU in 2007 helped with 
an additional opening of Romania to the world. 

The tourism in that area is mainly focused on 
visits of villages in Banat region by Czech tourists 

who live in families and sometimes help relatives in 

house and with field work (agritourism). Individual 
villages are connected with tourist trails marked in 

the Czech style.  
Approximately 6,000 Czech tourists per year 

come to the Banat region. An important fact is that 

the area has got a big potential for tourism 
development, which is seen in the combination of 

natural, balneological, religious and cultural 
attractive features and which is not sufficiently used 

yet (Bako and Varvari, 2010).  Sfânta Elena and 
Gârnic Villages were chosen and analyzed in detail. 

These villages are located in hilly landscape (600 – 

800 m above the sea level) in karst relief near the 

Danube River.  
 

Sfânta Elena case  

Sfânta Elena (Fig. 5) has been chosen because of 
its best accessibility, the biggest openness to its 

surrounding and development tendencies, which 
have always been significantly reflected there. 

Together with Gârnic, both are the most visited 

Czech villages in the Romanian Banat region.  

 

Fig. 5: Sfânta Elena  (Photo author) 

The landscape in Sfânta Elena surroundings is a 

great example of a cultural one, created by humans, 
with a high share of scattered vegetation, but typical 

fields creating a colourful mosaic, which belongs to 
the tourist attractions. The mosaic was developed as 

a result of the hard work of local people, who once 

had to deforest large areas and carried on a small-
scale farming on the deforested soil. 

Sfânta Elena is not an independent administrative 
unit. It is under the administration of neighbouring 

Romanian municipality called Coronini. The number 
of permanent inhabitants of Sfanta Elena is 540. The 

village is suffering from re-emigration, mostly by 

young people moving to the Czech Republic and this 
is seen as a threat leading to the abolishment in 

case all of them would decide to leave.  
Arriving Czech tourists bring information about a 

way of life in the Czech Republic into Sfanta Elena 

and they clearly demonstrate a life style that is in 
the most cases in conflict with the traditional world 

of the local community. The developing tourism in 
the Czech villages is closely associated with the 

question of money which is the most important and 
sometimes the only income of the local people. 

According to the statements of the local community 

members, the cash flow, especially from the 
tourism, does not bring only the income for them, 

but also social isolation.  People envy each other 
bigger property and social stratification as well 

(Pákozdiová et.al, 2012).  

Regarding the development, the Enel Green 
Power Romania Company started its activities with 

the entrance of Romania into EU. Twenty-one wind 
power plants were build-up at the turn of the years 

2011/2012 which can be described as one of the 
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distinct manifestations of globalization tendencies in 
the village (Šťastná et al. 2011). The construction is 

not only a huge intervention in the landscape (with 

its impacts both on landscape character and nature), 
but in the lives of local people as well. Wind power 

plants represent a clear source of energy, but on the 
other hand, the company acts from a strong position 

and takes advantage of the simplicity of local 

people, who did not know what the building up of 
wind turbines in their close surroundings will bring. 

In addition, there is a big risk that these wind power 
plants, which stand around the village and can be 

seen almost from every corner of the village, will 
negatively influence the developing potential of 

tourism and intact landscape of the Iron Gate 

Nature Park and the protected areas of NATURA 
2000 scheme (Pákozdiová et al., 2012). Concerning 

the fact that wind power plants are currently on a 
trial run, it is not clear yet, what this massive 

change will bring next and if it will cost the decline 

of the tourism potential or directly the quality of life 
of the local population. Their attitude towards the 

wind power plants is ambivalent, they perceive them 
through the perspective of the Czech tourists and 

they consider the loss of their income from the 
tourism as the biggest risk (Pákozdiová, 2012) (fig. 

6). 

 

Fig. 6: Wind turbines over Sf. Elena  (Photo author) 

 

Gârnic case  

Gârnic is the only Czech village which has got its 

own municipal office that other Czech villages do not 
have. The municipality is situated in Locva 

Mountains having 380 inhabitants in 2007. Iordache 
(2007) states the following main tourist attractions: 

Dolinas and Dolina valleys on the Calcareous 

plateau, Karst valleys, Gorges of Tisa, caves, Valea 
Mare botanical reserve, mill system on the 

Gramenska river, national costumes, traditional 
customs and way of life, enduro tourism (a form of 

off-road motorcycle sport), visited by Czech and 
German tourists  6 to 8,000 per year, agritourism. 

The case shows that not only the traditional way of 

life, customs and costumes, but also other sorts of 
tourism are developed in the area of Gârnic, which 

in fact brings some hope in the diversification of 
tourism motivations and thus not such big 

dependence on nostalgic tourism.  

Gârnic and Sfânta Elena have much in common. 
Most of the demographic, natural, cultural and other 

characteristics of Gârnic are almost the same as in 

Sfânta Elena case. The commune is also suffering 
from re-emigration of mostly young people to the 

Czech Republic. Even the problem of wind power 
plants is similar with a small difference. In Gârnic 

only the preparations for building-up a wind park 

consisting of 33 wind turbines proceed these days. 
This brings the same threat for local population and 

natural qualities of the area as in the Sfanta Elena 
case. 

 General evaluation  

The example of Czech villages in Romanian Banat 

shows a vicious circle. Original nostalgic tourists 
were attracted by romantic life of local people, their 

hospitality and the landscape mosaic reflecting the 

conditions in the Czech Republic aprox. 200 years 
ago. The tourist development brought many 

impulses for change into the Czech villages. Money 
from the tourists enables improvement of the 

houses and the household equipment; however 

renovated houses are then less attractive for 
nostalgic tourists. Money brought also deterioration 

of relations among people. Moreover, the Czechs 
from Bohemia and Moravia provided know-how of 

modern life style and/or moving of young 
inhabitants to the Czech Republic. The rural idyll 

starts to disappear; the villages embark on 

depopulation process. Neither the wind turbines 
support the nostalgia. 

The question is whether the villages are able to 
reorient themselves from the nostalgic tourism to 

general rural tourism? Possibilities can be seen mainly 

in a landscape of a high quality and protected natural 
areas. Agritourism is the main suitable and advisable 

form of tourism in the territory because it is the only 
one that could provide preservation of natural 

qualities, maintenance of traditions in combination 

with a slight growth of the quality of life. On the other 
side, the infrastructure in the Romanian Banat is 

insufficiently developed. It is possible to say that the 
villages under study are half-way between nostalgic 

general rural tourism and between traditional way of 
life and modern tourist facilities. There is a potential 

that not only the territory but also the tourist demand 

will change. Originally nostalgic tourists could use 
their experiences and knowledge of the territory to 

attract also other visitors to the area with new 
challenges: relatively quiet milieu, pleasant landscape 

and reasonable quality of accommodation and 

services. The importance of tourism product quality 
and tourist satisfaction is clearly pointed out and well 

discussed in Johann and Anastassova (2014). 
Regarding the Moravian case study area, who 

should be the tourist visiting the Czech villages in 
Romania Banat in the next future? Similarly as in the 
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Moravian case, rich tourists are not expected. 
Nostalgic tourists will apparently reduce the intensity 

of their visits in connection with the changing 

character of individual localities (if they will not find 
new friends there). Soft tourism will keep developing 

but not too quickly (especially due to missing 
infrastructure).  

On the other side, soft tourist representatives like 

students or nature lowers could find the area still a 
very interesting one. Such tourists do not expect 

high-standard infrastructure. The wind-turbines will 
not disturb them; they even could consider the 

turbines as a technical attraction. In our opinion, 
there is a chance to take the idea from Moravian 

Hostětín and to establish an ecological centre 

together with research and conference base there 
with necessary collaboration of Romanian scientists 

and ecological NGOs.  
Classical farm tourism (Potočnik-Slavič and 

Schmitz, 2013) could substitute an existing nostalgic 

tourism in the Romanian case unlike the Czech case 
where family farms are very rare.  

The character of the landscape and peripheral 
position provides also other tourist possibilities like 

horse-riding, care farming, cycling development etc. 
Nevertheless, adequate infrastructure for tourists is 

necessary as well as a connection with the past (e.g. 

museums). Such activities could be hardly done by 
local individuals. This is a space to create a kind of 

micro-regional developing agency which would 
organize the collaboration among individual 

entrepreneurs.  

Discussion  

To discuss problems and suitable management 
for tourism development in the rural periphery, we 

result from the information obtained in the case 
study areas. It shows that tourism can significantly 

contribute to the rural development. On the other 

side, the periphery can hardly survive from tourism 
only. Also productive branches (agriculture, forestry, 

manufacturing), and non-tourist services are playing 
important role, so the optimum solution is to 

connect the mentioned activities with tourism.  
Peripheral areas have some common attractions 

for tourists as less affected nature, not so much 

commercially oriented inhabitants, space etc. The 
role of the environment as an attractiveness for 

tourist destination has been analysed e.g. by Mihelič 
(2013) on the case of Slovenia. There are also 

common disadvantages like distance from regional 

centres, bad quality roads, insufficient infrastructure, 
and lack of financial sources to invest. However, 

almost each of peripheral micro-regions has some 
individual attraction or beauty to be used for its 

visibility. In other cases, the original idea could be 
very interesting. (In such cases the development is 

based on the fact that the specific territory is the 
only one in a wide area which implements the 

specific idea). Of course, the rurality itself can be an 

attraction – often connected with the green lifestyle 
(Crouch, 2006). According to the above mentioned 

statements, tourism certainly belongs to prospective 
branches in the periphery; however, it is necessary 

to systematically develop such a latent potential. To 

do so, Hernández-Maestro and Gonzáles-Benito 
(2014) emphasize three factors: product, knowledge 

and promotional tools.  
The decision is the first phase. It should come out 

of the knowledge from the territory together with an 
idea or vision. It is also necessary to take into account 

all the factors which should impact on the activity 

chosen in near and distant future. Professional service 
should be available. Based on these two factors, it is 

necessary to decide which form of tourism and for 
which tourists it should be developed. Proper strategy 

for suitable tourism development should be selected 

taking into consideration natural, geographical and 
human conditions of the area. According to the basic 

decision, specific establishment of tourist services 
should be planned.  

To increase financial sources leading to the 
tourism development is the next step. Local micro-

regions and their inhabitants suffer from the lack of 

free financial sources. One option might be to ask for 
a subsidy from national or European programs, which 

usually is not a big problem and applicants mainly 
obtain the subsidy. Real difficulties will arise with 

operational money. The investment has to be 

sustainable after the completion of the project, which 
is not always easy. To attract foreign investors is the 

second option. The problem here in the fact that the 
owner is living mainly in a city or abroad and is not 

very interested in the development of the relevant 

territory. Moreover, the biggest part of the benefit 
from his/her activities in such cases leaves the micro-

region, in spite of the micro-regions obligation to 
establish the conditions for the operation of such 

business e.g. maintaining roads or remove garbage.  
The best way in such area is public – private 

partnership. It will provide certainty that the tourist 

facilities will serve also for local needs, if it is set up 
properly. Private investor should rely on trustworthy 

partner in the area. It is possible to combine public 
and private funds within various micro-regional 

association or local action groups. Such associations 

are also suitable to provide advertisement of the 
local products of the territory.  

To enforce and implement the investment is the 
main task after gaining money. It means to convince 

the residents to contribute to the development idea. 
More obstacles start rising here: At first, many people 

in peripheral micro-regions often live from social 

benefits, including old age pension. Some of them 
moved to the periphery within naturbanization 
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(naturbanization is a not economically motivated 
process within which people move to some territories 

because of the closeness of nature and the life style)  

looking for tranquillity. This group of people is usually 
not interested in any economic development of the 

territory. Other reason can be environmentalists 
concern of negative impacts to the nature. Here it is 

important to establish active communication and 

community planning to reach the success.  
On the other side, people ready to assist in the 

realization of the local initiative have to be found. It 
might be a problem due to the level of human 

capital in peripheral micro-regions, which is low. It 
concerns formal education (including language 

knowledge) but also motivation of people 

accustomed to work in productive spheres eight-
working hours only are not prepared to serve to the 

tourists independently on day and time. 
Finally, the product ready for tourists has to be 

marketable. The basic problem of the market 

economy is not to have the best product but to be 
able to sell it. Within the post-productive society and 

time of globalization, the countryside is consumed 
by tourists (Woods, 2010) like other sorts of goods. 

This phase is connected with thoughtful marketing 
strategy. Linking tourist services in one destination 

is the recommended strategy.  

The investment into tourism should be 
sustainable (Hall et al., 2005). The sustainability is 

seen in three main factors. Financial sustainability 
means that the activity has to be serviceable also 

after finishing of eventual subsidies until the loan is 

paid off. Secondly, the activity has to keep its own 
sustainability. It means that the tourism 

development should not destroy the original 
motivations but instead it should create new 

motivations. Thirdly, environmental and ecological 

sustainability (especially in protected areas) also has 
to be kept (Wearing and Neil, 2009). Ecotourism can 

be a positive model for communication and 
environmental education (Orams, 1995, Salazar, 

2012). It is known that intensive and unbalanced 
tourism could lead to nature disturbances (Bramwell 

and Lane, 1993, Holden, 2009). The tourism can be 

either beneficial or unprofitable for rural areas 
(Tapiador, 2008). The last factor can have also an 

indirect effect: regional development evoked by 
tourism can bring financial sources which may be 

used for the development of industries and by that 

to possible negative environmental impacts.  
It is also necessary to take into account 

competitions. There are many peripheral micro-
regions often not too far away from each other 

betting on tourism development. Such micro-regions 
have to face the question, why tourists should spend 

their holidays in their territory and not in the 

neighbouring one. Traditional competitive 
advantages consisted of price policy; however it is 

not possible to keep underestimated prices for a 
long time. It could be better to compete by the 

quality of the tourist product (attractiveness of the 

territory, spectrum of experiences, hospitality etc.) 
and (very substantially) by marketing.  

Tourism has a specific character in relation to the 
territory. The satisfaction of customers is connected 

not only with the specific facility (like hotel, 

restaurant, beach etc.) but also with the destination 
(Tittelbachová, 2008). It shows and confirms that 

individual providers are competitors and 
collaborators at the same time. It is necessary to 

realize that the success of one provider in the micro-
region can also attract people to other providers 

there. On the contrary, low quality tourist services in 

one facility can discourage people to visit that area 
at all. Some communes, who privatized their 

communal equipment within the first post-
revolutionary enthusiasm because they believed that 

private ownership means better economy, regret 

this step today. They are not able to affect the bad 
quality of services in private firms which spoils the 

reputation of the whole micro-region. 

Conclusions  

Tourism development can be one of the most 

prospective branches in peripheral micro-regions but 
hardly the only activity ensuring the regional 

development. Its implementation brings serious 

obstacles for the micro-regions to cope with. On the 
other side, shift of jobs from productive branches to 

services, increasing amount and importance of a 
leisure time, consumerist orientation and a desire for 

experiences and adventures speak in favour of 

tourism development. Tourism became a part of the 
life style for broadest population segments which is 

a key message for peripheral micro-regions as such 
areas are suitable for undemanding modest tourist. 

Eco-tourism, agritourism, scenic tourism and similar 

kind of tourism activities are possible and desirable 
in peripheries. Tourism in peripheral areas can 

create jobs not only in tourist facilities but also in 
general services and infrastructure.  

Moreover, tourism provides a wide range of 
possibilities for research, planning, negotiations and 

similar supporting activities. In an optimum case, 

tourism can associate the community whereas in other 
cases it can split it as well. Monitoring the development 

can be a very interesting research task in the future. 
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