
Forum Geografic - Studii și cercetări de geografie și protecția mediului  (FG - S.C.G.P.M.) 

 

 

The journal Forum geografic. Studii de geografie şi protecţia mediului 
(Geographical Phorum – Geographical Studies and Environment Protection 

Research) was founded in 2002, and it seeks to publish high quality 

research in the domains of geography, environment protection 

and other related domains. It addresses a range of issues, such as 

geomorphology, pedology, climatology, hydrology, human 

geography and environment. Its content is directed to a broad 

audience, including both academics and policymakers. The 

papers selected for publication in the journal are subject to a 

review process using references from universities worldwide. 

The journal is currently indexed by the following databases: 

SCOPUS, DOAJ, EBSCO, ERIH PLUS, Index Copernicus, Scipio, 

CrossRef, Ulrichsweb, IGU, Google Scholar, WorldCat, ProQuest, 

ZDB, CNCSIS, DRJI, citefactor.org journals indexing, InfoBase 

index, Eurasian Scientific Journal Index, ResearchBib. 

 

Editor-in-chef:  

            Sandu BOENGIU, Phisical Geography, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania 

            Liliana POPESCU, Human Geography, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania 

Executive editor: Oana Mititelu Ionuș, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania 

Technical editor:   Cristiana Vîlcea, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania 

 
Editorial Advisory Board: 

Iuliana ARMAȘ, University of Bucharest, Romania 

Sorin AVRAM, University of Craiova, Romania 

Lucian BADEA, The Institute of Geography, The Romanian Academy 

Dan BĂLTEANU, The Institute of Geography, The Romanian Academy 

Zeljko  BJELJAC Geographical Institute Jovan Cvijić, Serbia 

Lucian BLAGA, University of Oradea, Romania 

Sandu BOENGIU, University of Craiova, Romania 

Léon BRENIG, University of Brussels, Belgium 

Manola BRUNET, University of Tarragona, Spain 

Sorin CHEVAL, Henri Coandă Air Force Academy, Brașov, Romania 

Laura COMĂNESCU, University of Bucharest, Romania 

Lóczy DÉNES, University of Pécs, Hungary 

Philippe DONDON, Ecole Nationale Superieure E.I.T.M.M. de Bordeaux/ 

Institut Polytechnique de Bordeaux, France 

Monica DUMUTRAȘCU, The Institute of Geography, The Romanian Academy 

Dan DUMITRIU, Al.I.Cuza University, Iași, Romania 

Recep EFE, Balikesir University, Turkey 

Robert FOVELL, University of California, USA 

Teodoro GEORGIADIS, Istitute of Biometeorology (IBIMET), Bologna, Italy 

Adrian GROZAVU, Al.I.Cuza University, Iași, Romania 

Nelly HRISTOVA, St. Kliment Ohridsky University of Sofia, Bulgaria 

Ioan IANOŞ, University of Bucharest, Romania 

Alexandru ILIEȘ, University of Oradea, Romania 

Mihaela LICURICI, University of Craiova, Romania 

Gabriel MINEA, Institutul Național de Hidrologie şi Gospodărire a Apelor, Romania 

Oana MITITELU IONUȘ, University of Craiova, Romania 

 

Emil MARINESCU, University of Craiova, Romania 

Mirela MAZILU, University of Craiova, Romania 

Ciprian MĂRGĂRINT, Al.I.Cuza University, Iași, Romania 

Alexandru NEDELEA, University of Bucharest, Romania 

Amalia NIȚĂ, University of Craiova, Romania 

Zvi Yehoshua OFFER, Ben-Gurion University, Israel 

Maria PĂTROESCU, University of Bucharest, Romania 

Aurel PERȘOIU, Emil Racovita Institute of Speleology, Romanian Academy 

Dănuț PETREA, University of Babeș-Bolyai, Cluj-Napoca,Romania 

Liliana POPESCU, University of Craiova, Romania 

Kumar Rai PRAVEEN, Banaras Hindu University, India  

Maria RĂDOANE, Ștefan cel Mare University, Romania 

Milan RADOVANOVIĆ, Geographical Institute Jovan Cvijić, Serbia 

Khaiwal RAVINDRA, School of Public Health, PGIMER, Chandigarh, India 

Daniela ROŞCA, University of Craiova, Romania 

Daniel SIMULESCU, Agentia Nationala pentru Arii Naturale Protejate 

Igor SIRODOEV, Universitatea "Ovidius'' din Constanţa, Romania 

Fábián Ákos SZABOLCS, University of Pécs, Hungary 

Cristina ȘOȘEA, University of Craiova, Romania 

Magdy TORAB, Alexandria University, Egypt 

Marcel TÖRÖK – OANCE, West University of Timișoara, Romania 

Cristiana VÎLCEA, University of Craiova, Romania 

Alina VLĂDUȚ, University of Craiova, Romania 

Nenad ŽIVKOVIĆ, Belgrade University, Serbia 

Martina ZELENAKOVA, Technical University of Kosice, Slovakia 

Zbigniew ZWOLIŃSKI, Adam Mickiewicz University (Poznan), Poland 

 

Associate Editors:  

Slavoljub DRAGIĆEVIĆ, Faculty of Geography, Belgrade University, Studentski trg 3/3, Belgrade, Serbia 

Vesna LUKIĆ, Demographic Research Centre, Institute of Social Sciences, Kraljice Natalije 45, Belgrade, Serbia 

Nina NIKOLOVA, Faculty of Geology and Geography, "St. Kliment Ohridsky" University of Sofia, Tzar Osvoboditel Blvd. 15, Sofia, Bulgaria 
 
 
Founding Editors: Boengiu S., Marinescu E., Pleniceanu V., Tomescu V., Enache C. 
 
 
Cover photo: Făgăraș Mountains, Sibiu county (by Alina Vlăduț)  
  

For instructions for authors, subscription and all other information please visit our website 
http://forumgeografic.ro 

before submitting any papers please select the section Publishing rules from the About page and read thoroughly the submission instructions 
for authors 

 
ISSN 1583-1523 (print) 
ISSN 2067-4635 (online) 
DOI prefix: 10.5775 

http://www.researchgate.net/profile/Martina_Zelenakova
http://www.researchgate.net/institution/Technical_University_of_Kosice-Technicka_univerzita_v_Kosiciach
http://amu.academia.edu/
http://forumgeografic.ro/


Instructions for Authors 
 

Article submission 

In order to disseminate the research results in the field, 

researchers, scholars and professionals are welcome to 

submit an electronic version of the manuscript (in Microsoft 

Office Word format) to the editorial office 

(forum.geografic@gmail.com). 

Submission requirements: The submission of an article for 

publication in our journal implies that the article has not 

been published before, nor it is being considered for 

publication in other journals. Authors are responsible for the 

content and the originality of their contributions. In order to 

be published, articles must be thoroughly researched and 

referenced. 

IMPORTANT: All papers must be submitted in electronic 

format, only in English language. 

 

Copyright statement 

By submitting a scientific work to Forum geografic the 

submitters agree to declare the following: 

 the submitted work belongs exclusively to the declared 

authors; 

 the submitted work represents original scientific research; 

 the submitted work has not been published or submitted 

for publishing to another journal; 

 if the submitted work is published or selected for 

publishing in Forum geografic, the authors waive any 

patrimonial claims derived from their authorship for the 

submitted work; the authors retain the moral rights for 

their submitted work, as granted under the Romanian 

applicable law; also, the authors agree to refrain from 

ulterior submitting of the work to other journals. 

The submitters agree to be solely held accountable in case of 

breaching the above terms and to defend the representatives 

of Forum geografic in the event of a lawsuit related to the 

submitted work. 

When submitting a paper the authors are required to print, 

fill and send a scanned copy of this declaration. 

 

Privacy statement 

The submitted personal data, such as names or email 

addresses, are used only for the declared purpose of the 

Forum geografic journal (publishing original scientific 

research) and are not available to third parties. 

Manuscripts are received at all times. However, in order to 

have your article published in the current year, the 

manuscripts must be submitted until the 15th of February for 

the first issue of the current year and until the 1st of 

September for the second issue. 

 

Article format 

All manuscripts must be edited entirely in English. Articles 

must include: 

 Title 

 Author’s name(s). For each author you must mention the 

author’s scientific title, his affiliation (institution) and e-

mail address; 

 Abstract (maximum 300 words); 

 Keywords (not more than 5-6 words); 

 Acknowledgments (if any); 

 Main body of text (structured according to Introduction, 

Data & Methods, Results & Discussions, Conclusions); 

 Illustrations (graphs, diagrams, maps, photos – should 

have indications of their positions in the text and title 

written in English) must be also submitted in electronic 

format, preferably in JPG, PNG or BMP format and must 

be referred to as Figures, which should be numbered with 

Arabic numbers. 

 Tables must be numbered with Arabic numbers and 

should not repeat data available elsewhere in the text. 

 References must be indicated in the text, between 

brackets and they must include the author’s name and 

the date of the publication (Popescu, 2000). When three or 

more authors are referred, they will appear in the text as 

follows: (Popescu et al., 1997). References must be listed 

in alphabetical order at the end of the text. 

The following style sheet is recommended:  

 for journals: 

Miletić, R., Lukić, V., & Miljanović, D. (2011). 

Deindustrialization and structural changes in commuting 

flows in Serbia. Forum geografic, X(2), 244-254. 

doi:10.5775/fg.2067-4635.2011.009.d 

 for books: 

Bran, F.,Marin, D., & Simion, T. (1997).  Turismul rural. 

Modelul european, Editura Economică, București 

 for papers from conference proceedings: 

Deci, E. L., Ryan, R. M., (1991), A motivational approach to 

self: Integration in personality. In R. Dienstbier (Ed.), 

Nebraska Symposium on Motivation: Vol. 38. Perspectives on 

motivations (pp. 237-288). Lincoln: University of Nebraska 

Press. 

 

Review process 

All the manuscripts received by the editors undergo an 

anonymous peer review process, necessary for assessing the 

quality of scientific information, the relevance to the field, the 

appropriateness of scientific writing style, the compliance 

with the style and technical requirements of our journal, etc. 

The referees are selected from the national and international 

members of the editorial and scientific board, as well as from 

other scholarly or professional experts in the field. The 

referees assess the article drafts, commenting and making 

recommendations. This process leads either to acceptation, 

recommendation for revision, or rejection of the assessed 

article. Editors reserve the right to make minor editorial 

changes to the submitted articles, including changes to 

grammar, punctuation and spelling, as well as article format, 

but no major alterations will be carried out without the 

author’s approval. Before being published, the author is sent 

the proof of the manuscript adjusted by editors. If major 

revisions are necessary, articles are returned to the author so 

that he should make the proper changes. Authors are notified 

by email about the status of the submitted. 

 



Forum Geografic - Studii și cercetări de geografie și protecția mediului  
www.forumgeografic.ro   DOI: 10.5775/fg 

 

 

CONTENTS 
 
 
 
Volume XX, Issue 1 / June 2021 
 
 
 
 
Risk of dynamics of the river stream in tectonic areas. Case studies: Curvature Carpathian - Romania and 

Maghrebian Chain - Algeria 
Florina GRECU, Chaouki BENABBAS, Mădălina TEODOR, Manel YAKHLEFOUNE, Iulian SĂNDULACHE, Nabil 
MANCHAR, Takki Eddine KHARCHI, Gheorghe VIȘAN  

 

5 

Estimating Soil Erosion Exerted by Water in the Lower Sector of the Jiu River Floodplain and Băilești Plain 
Andreea-Gabriela ZAMFIR, Lavinia CRIȘU  

 

24 

Comparative analysis on the role of vegetation in controlling the potential effects of gas stations on 
residential areas  
Lavinia Corina PÎNDARU, Beatrice Ileana POPESCU, Mihai Răzvan NIȚĂ 
 

34 

Analysis of the relationships between the phreatic aquifer and Natura 2000 habitats from ROSCI0224 – 
Scroviștea 
Teodora Alexandra VASILE 

 

43 

How is COVID-19 reshaping temporary and circular labour migration: Serbia and North Macedonia 
perspectives 
Vesna LUKIĆ, Jelena PREDOJEVIĆ-DESPIĆ, Verica JANESKA, Aleksandra LOZANOSKA 

 

55 

Role of media in managing environmental conflicts in Rovinari Thermal Power Plant area, Gorj County, 
Romania 
Iuliana BORA, Mircea VOICULESCU 

 

66 

Multivariate and spatial analysis of reduced urban air pollution during COVID -19 pandemic in Delhi 
Maya KUMARI, Shivangi SOMVANSHI, Burhan ULWAFA 

 
79 

Sustainable tourism and community-based tourism in small islands: a policy analysis 
Andrea GIAMPICCOLI, Oliver MTAPURI, Anna DŁUŻEWSKA  
 

92 

Heuristic approach in determining the best tourist tours to medieval Fruška Gora monasteries in Serbia   
Srdjevic BOJAN 

 
104 

Certification and promotion of sustainable tourism: consumers attitude towards EU Ecolabel  
Loredana DRAGOMIR, Mirela MAZILU, Alexandru DOBRESCU, Robert MALMARE 

 
118 

 

http://www.forumgeografic.ro/




Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 1 (June 2021), pp. 5-23 (19) 
http://dx.doi.org/10.5775/fg.2021.021.i 

5 

Risk of Dynamics of the River Stream in Tectonic Areas. 
Case studies: Curvature Carpathian - Romania and 
Maghrebian Chain - Algeria 

Florina GRECU1,*, Chaouki BENABBAS2, Mădălina TEODOR3, Manel YAKHLEFOUNE2, 
Iulian SĂNDULACHE1, Nabil MANCHAR4,  Takki Eddine KHARCHI2, Gheorghe VIȘAN1 

1 University of Bucharest, Faculty of Geography, Bucharest, Romania  
2 Constantine University 3, Institute of Urban Techniques Management, Constantine, Algeria 
3 University of Bucharest, Faculty of Geography/Romanian Young Academy (RYA), Bucharest, Romania 
4 University of Oum El Bouaghi, Department of Geology, Constantine, Algeria  
* Corresponding author: florinagrecu@yahoo.com 

Received on 19-12-2020, reviewed on 02-02-2021, accepted on 05-05-2021 

Abstract 

The tectonic characteristics of the Alpine orogeny highlight some 
similarities in the genesis of landforms over large areas. This 
paper analyses the role of tectonic processes in two subsiding 
areas with uplift movements. The overall tectonic activity implies 
the formation and evolution of the hydrographic network and its 
correlation with the major relief structure, thus forming streams 
parallel to the high-altitude lines, as well as consistent, 
transversal, and subsequent streams. 
These tectonic processes are accompanied by antecedents and/or 
epigenesis common in the Eastern Carpathians, Romania. Hence 
the Bistrița River is longitudinal compared to the Bistrița and the 
Stânișoara Mountains, but also transversal in other sectors. In 
Algeria, the Northeast, especially the Zighoud Youcef zone (NE of 
Constantine), is characterized by a particular morphography and 
morphometry of the river basins which reveals reorganizations of 
the river network through their transversal or longitudinal 
characteristics compared to the structure and tectonics of the 
region. In areas with imminent catchments, the regressive erosion 
amplifies the slope dynamics and slope processes vulnerability. 
The uplift and subsidence movements impose reorganizations of 
the hydrographic network of the catchments with the alternation 
of the erosion and sedimentation processes it creates a certain 
fluvial style pattern. In the subsidence of the Întorsura Buzăului 
depression, the longitudinal profile of the Buzău River has a very 
low slope and its meanders create islets. This is subject to 
frequent floods which imposed the riverbed regularization. 
However, in Zighoud Youcef, the Oued Smendou River also 
indicates some similarities with the Buzău River structure due to 
subsiding areas of the Mila-Constantine basin. 

Keywords: tectonic risk, Alpine orogeny, river network, 
Constantine region, the Atlas, The Curvature Carpathians  

Rezumat. Riscul dinamicii cursurilor râurilor în 
ariile tectonice. Studii de caz: Carpații de 
Curbură (România) și lanțul Maghrebian 
(Algeria) 

Caracteristicile tectonice ale orogenului alpin permit evidențierea 
unor similitudini în geneza formelor de relief pe spații extinse. 
Lucrarea analizează rolul manifestărilor tectonice în două arii 
subsidente și tectonic pozitive. Tectonica de ansamblu impune 
formarea și evoluția rețelei hidrografice în raport cu  structura 
majoră a reliefului; astfel, se formează: cursuri paralele/ 
longitudinale cu linia marilor înălțimi si cursuri 
transversale/subsecvente. Procesele sunt însoțite de antecedente 
si/sau epigeneze, frecvente în Carpații Orientali. Astfel, râul 
Bistrița este longitudinal fata de Munții Bistriței si Munții 
Stânișoara, dar și transversal în alte sectoare. În Algeria, Atlasul 
de nord-est, în special zona Zighoud Youcef (NE de Constantin), 
se caracterizează printr-o morfografie și morfometrie particulară a 
bazinelor hidrografice, care dezvăluie reorganizările rețelei fluviale 
prin caracteristicile lor transversale sau longitudinale în comparație 
cu structura și tectonica regiunii. În zonele cu captări iminente, 
eroziunea regresivă amplifică dinamica pantei și vulnerabilitatea 
proceselor de pantă. 
Mișcările de înălțare și mișcările subsidente determină reorganizări 
ale rețelei hidrografice prin captări, alternanța proceselor de 
eroziune și acumulare și deci  crearea unui anumit tipar fluvial.  In  
depresiunea Întorsura Buzăului, profilul longitudinal al râului 
colector are o pantă foarte mică,  favorizând procesele de 
meandrare și crearea ostrovelor. Ca urmare a riscului inundațiilor,  
s-au întreprins ample lucrări de amenajare a albiei minore. In 
arealul Zighoud Youcef, râul Oued Smendou indică, de asemenea, 
unele asemănări cu structura râului Buzău datorită zonelor de 
subsidență din bazinul geologic Mila-Constantine. 

Cuvinte-cheie: risc tectonic, orogeneza alpină, rețea hidro-
grafică, regiunea Constantin, Munții Atlas, Carpații de Curbură 

 

Introduction 

The vulnerability to the active tectonic processes 
indicates a tectonic risk with environmental and 

societal consequences. These risks are usually 
analysed as geomorphological, geological and 

hydrological, according to the environment and the 
main exogenous agents (relief/gravity, water/floods, 

soil/erosion, etc.). In order to study those risks, it is 

very important to know the geological, tectonic and 
paleo-evolutionary characteristics, including the 

paleoclimatic factors of the study area to predict the 
triggering factor and the dynamics of the extreme 

hazardous processes. This paper analyses the 

principal role of the tectonic processes significant for 
triggering a risk in both areas of interest of the Alpine 

orogeny, the Carpathian and the Mila-Constantine 
basin. Alpine orogenic regions require comparative 
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studies due to tectonics and structure reflected by the 

arrangements of peaks influenced by active uplifting 

movements in addition to the presence of depressions 
with subsiding movements (Ciccacci et al., 1999; 

Benabbas, 2006). 
The overall tectonics involves the formation and 

evolution of the hydrographic network in relation to 

the major structure of the relief, against the general 
background of the Quaternary climate fluctuations 

(Piacentini and Miccadei, 2014; Piacentini et al., 
2015). Thus, parallel watercourses to the line of great 

heights (consistent) and transversal watercourses 
(subsequent) are formed. In general, the transversal 

watercourses formed by antecedents are well 

highlighted on the physical map of Romania (Fig. 1) 
(Naum 1961, Grigore 1989, Orghidan 1939, Posea 

2005). 
The processes are followed by antecedents and/or 

epigenesis, common in the Eastern Carpathians. 

Thus, the Bistrița River is longitudinal compared to 
the Bistrița and Stânișoara mountains while 

transversal in other sections (Donisă 1968, 
Săndulache 2007) (Fig. 2 B). 

In the north-east of Algeria, it is necessary to take 
into consideration the heritage and the geological 

history to explain the formation and the evolution of 

the relief, thus, the Rhumel and the Ben Brahim-
Bouhadjeb and Smendou rivers are longitudinal 

compared to the Numidic chain while transversal in 
other sections. 

However, the north of Algeria is characterized by 

a varied and complex geological and 
geomorphological context, distinct by a strong 

tectonic and an active seismic activity (Benabbas, 
2006; Yelles-Chaouach et al., 2006; Benzid, 2017). 

The Mila-Constantine basin in north-east of Algeria, is 

more susceptible to landslides and floods hazards 
than the other parts of the country which is presented 

by the record of many important events (Bourenane 
et al., 2014, 2016; Manchar et al., 2018 Manchar et al 

2019). These phenomena become more complex 
where the impact of the hydrogeomorphic hazard 

evolve in space and time (Hamadou and Amireche, 

2018). 
Based on field research and bibliographic 

documentation, applying multicriteria 
geomorphological methods as well as GIS techniques, 

this paper highlights two cases: 1) the dynamics of a 

representative river from the Curvature Carpathians – 
the Buzau River. 2) the characteristics of the drainage 

network related to the morpho structure and 
tectonics in the north-eastern part of Algeria 

(Constantine region). The analyses of the 
vulnerability of rivers to extreme natural processes, 

initially due to tectonic processes (Benabbas et al., 

2017). Morphotectonic and morphostructural risk is 
the result of active tectonics that creates a typical 

landscape that attests to the degree of danger 

(Dramis F, Cliff Oliver 2016) However, this argument 

is particularly useful in establishing the long-term 

effect of anthropogenic actions in the slope and river 
(dams, bridges, skiing... etc.)  (Teodor 2013; 2017). 

The alpine regions create a topographic contrast 
between mountain peaks and depression basins even 

in mountain regions of medium altitudes (Raffy 

Jeannine 1983; Peulvast J-P et al. 2013). 
The dynamics of the rivers is seen in a hydro-

geomorphological context, of the synergistic relations 
between the river/water and the topographic/relief 

surface (Ballais et al., 2011, Grecu et al., 2017b; 
Arseni et al., 2019, Sembroni et al. 2021). 

Precipitation and changing climatic conditions 

increase runoff variability and control its evolution, 
which have a major impact on hydro-

geomorphological hazard. That, in turn, may explain 
the intensity of some tectonics and flood events 

(Meddi et al., 2009; Waleed A 2021). 

Study area – vulnerability factors 

Romanian Carpathians 

The Romanian Carpathians, or South-Eastern 

Carpathians (according to Mihăilescu, 1963), are the 

highest Alpine mountains in Europe (about 1500 km 
between the Vienna Pass and the Timok River) 

(Institute of Geography, Geography of Romania 
1987). On the Romanian territory, the orogenic, 

geological and morphological elements determined 
the separation of the subunits (Fig. 1A and 1B). 

The Eastern Carpathians (including the Curvature 

Carpathians) with a maximum altitude of 2303 meters 
in Pietrosul Rodnei peak, characterized by 

approximately parallel peaks, volcanic (Neogene 
volcanism in the west (Fielitz and Seghedi 2005), 

crystalline (center) and sedimentary (East); the 

Southern Carpathians (mainly crystalline schists, 
limestones and conglomerates towards the limits of 

the massif, with a maximum altitude of 2545 meters 
in the Moldoveanu peak and the Western Carpathians 

(maximum altitude of 1849 meters in Cucurbăta Mare 
peak, Biharia Massif) characterized by the presence 

of old volcanism, crystalline in high massifs (Mesozoic 

sedimentary). The name of the mountain sectors is 
considered by the position within Romania, but also 

towards the Transylvanian sedimentation basin, from 
the central part, a hilly plateau with slight subsidence 

movements. The hydrographic network was formed 

in different stages, taking into account the 
arrangement of mountain peaks, the ratios to 

baseline levels, climatic conditions (Posea, 2005), also 
depending on the capture, epigenetics, antecedents, 

erosional and cumulative have finalized the 

morphology of the rivers and implicitly of the 
hydrographic basins, so that today it presents a quasi-

circular aspect compared to the Romanian 
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Carpathians system (Posea et al., 1974). Some of the 

most complex genetic aspects are presented by the 

rivers of the Eastern Carpathians (Fig. 2A). 
The Romanian Carpathians are an arcuate chain 

of mountains, formed in response to the continental 
collision between the European Plate and several 

microplates during the Alpine Orogeny (Schmidt et 

al., 1998; Mațenco and Bertotti 2000, Tarapoanca et 
al. 2003). The main depocenter in the Carpathians 

foredeep is the Focşani Depression, where subsidence 
continues up to present time. During the Pliocene–

Quaternary, the western flank of the Siret subsidence 
region (Focşani depocenter) was tilted as a 

consequence of the uplift of the neighbouring 

Carpathian chain (Necea et al., 2005; Mațenco et al., 

2007; Necea 2021). Its opposite important regional 
vertical movements: the uplifting chain and subsiding 

foredeep (about +/-5 millimetres per year; 
(Zugrăvescu et al., 1998) at less than 100 km in 

distance (Fig. 3). It is also characterized by the 

outcrop of rock types susceptible to erosion: sand, 
clay, conglomerate and marls that record the change 

from a marine to fluvial-lacustrine environment (Molin 
et al., 2012; Teodor et al., 2014; Teodor and Dobre, 

2015).

 

 
 

A B 

Fig. 1: A) Geographical position within Romania and large geographical units; B) Upper Buzău 

and Întorsura Buzăului Depression - physical-geographical map 

 

 
 

A B 

Fig. 2: Geological maps of Romania. Carpathian orogeny units and the hydrographic network in 

the central part of Romania (A) and geological structure (B); the longitudinal and trans-

versal character of the rivers in the Eastern Carpathians - the Bistrița basin 
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The complex and orderly structure, in rows 

arranged on the north-south direction (from east to 
west – sedimentary, crystalline, volcanic), separated 

by large depressions, is the main factor in deciphering 
the hydrographic network, in which the longitudinal 

sections alternate with the transversal ones. The 

southern part of the Eastern Carpathians presents an 
arch of the sedimentary ridge (the crystalline and 

volcanic series are missing) with its own 
morphological structure, imposed by the Black Sea 

microplate (Posea, 2005). 
In the Curvature Carpathians, the recent vertical 

crustal movements (elevation-subsidence at short 

distances), the existence of the most active epicentral 
area for earthquakes in Romania and continental 

Europe, the relief modelling and the evolution of the 
hydrographic network are made according to their 

own patterns (Grecu, 2016) (Fig. 3A). 

The morphological complexity of the Curvature 
Carpathians also imposes itself on the external 

marginal relief (Grecu, 2010). The contact area 
between the Sub-Carpathian and the Romanian Plain 

is represented by a piedmont belt (glacis-like, macro-

landform associated with the monocline), traditionally 

considered a part of the Romanian Plain because of 
its very gentle slopes. The subsidence of the 

Romanian Plain coupled with the Carpathian and Sub-
Carpathian uplift induced a regional base level, 

lowering that allowed the generation of fluvial 

terraces and entrenched alluvial fans interacting with 
the Quaternary climate changes (Grecu and Sacrieru 

2009; Grecu et al., 2007, 2010; Grecu et al., 2014). 
The element of complexity is also due to local tectonic 

features (Necea, 2021), like the anticlines relative to 
the so-called “Wallachian” phase (Săndulescu, 1988). 

These regional features have an influence on 

rivers crossing the Curvature area. Several rivers of 
this area have concave and steep longitudinal profiles 

and they are in a transient state of disequilibrium as 
a consequence of a more recent emersion of the 

Curvature Carpathians (Badea and Niculescu, 1964; 

Molin et al., 2012). Moreover, other previous studies 
showed that these rivers have the highest suspended 

sediments loads in Romania (up to 25 tons per 
hectare per year) (Mociorniţă and Birtu, 1987 cited by 

Zaharia et al., 2011; Dumitriu, 2020).

  
A B 

Fig. 3: A) Recent vertical crustal movements map of South-Eastern Romania (after Zugrăvescu 

et al. 1998). Legend: 1 – seismic lines (mm/year); 2 – active crustal faults; 3 – areas af-
fected by diapirism; B) Curvature Carpathians – geological map (data processed from the 

1: 200,000 vector geological map) 

 

Buzău River – river formation, vulnerability 
factor 

The Buzău River springs from the Carpathian 
flysch, the northern mountain side of the Ciucaș 

Mountains, from an altitude of approximately 1800 
meters, having a south-north direction. From the 

source area, to the confluence with Acris (about 20 

km), the river follows a geological contact between 
the less resistant and conglomerate Cretaceous 

formations with a slope of over 60 m/km to the 
confluence with Strâmbu, 14 m/km at Vama Buzău 

(State Geology Committee. Geological map, Covasna 

sheet 1970). From Acris the river is oriented to the 
northeast enters the tectonic-erosive depression, 

where the slope of the river is reduced, about 4-4.5 

m/km the accumulation processes lead to the 
formation of islets and frequent floods. Approximately 

from the city centre, it is oriented to the South-East 
and then to the South (with local modifications). The 

river basin, covering an area of 5264 km2, develops 

within the Curvature Carpathians and the Curvature 
Sub-Carpathian, and within the Romanian Plain. It 

flows into the Siret River with a length of 334.4 km 
(Uivari, 1972). The longitudinal profile presents 

sections, with varying intensity of the relations 
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between erosion and accumulation (Fig. 12) 

influenced by the relations with the slopes (in the 

plain at Bănița at 0.7 m/km) (Minea, 2011). 
Within the mountain area of the Buzău River, there 

are differentiated five sectors (Grecu et al., 2017 a; 
Grecu et al., 2018):  

1. Întorsura Buzăului sector (between Buzău-

Afiniș junction, (Brădet settlemnet) and Sita Buzăului 
village) is distinguished by the active dynamics of the 

river bed and by hydrotechnical works against floods, 
regularization of the minor river bed and shore 

defence (Fig. 4A and 4B); 

2. Northern Transcarpathian section (between 

Sita Buzăului and the Buzău-Harțagu junction (partly 

Buzău Gorge, corresponding to the line of great 
heights); 

3. The internal southern Transcarpathian sector 
(Harțagu/Băile Siriu – Siriu village, including the 

Rockfill Dam); 

4. External Transcarpathian – Sub Carpathian 
sector located between Siriu village and downstream 

of Păltineni, at the entrance into the Sub-Carpathians.

      
A B 

Fig. 4: A) Minor River bed with river deposits at Brădet (Întorsura Buzăului); B) The transverse 

valley of the lip in the Harțagu gorges

The Buzău River was formed during successive 

stages, with specific morphologies, in correlation with 

the geological and tectonic aspects of the Curvature 
Carpathians. The most discussed stage is related to 

the bend formed by the Buzău at Întorsura Buzăului 
and therefore the change of flow direction towards it 

(Orghidan, 1969; Posea and Garbacea, 1959; Posea, 
1971, 2005). 

Here, we address the following issues: 

1) The problem of the transversal course; 
2) Formation of the course between spring and 

Bradet (confluence with Acris); 
3) The course of the river within the Întorsura 

Buzăului Depression. 

The rivers from the Curvature Carpathians are 
transversal rivers, some bypass the line of the great 

heights (see the geological map and the physical 
map). The Buzău River forms in the line of the great 

heights (Siriu-Penteleu) a narrow valley type key 

between the confluences with Crasna and Harțagu. In 
fact, the morphological characteristics, the alternation 

of basins with narrow sectors, the analysis of the 
longitudinal profile and the analysis of the levels 

(Nordon, 1933) are arguments in the antecedent 
formation of the Transcarpathian Buzău (Orghidan, 

1969; Posea, Garbacea, 1959; Posea 1971, 2005). 

This aspect is also reflected in the dynamics of the 
slopes, the activation and/or reactivation of the slope 

processes (landslides, erosion). 

The upper lift and the watercourse of the Întorsura 

Depression are influenced by the tectonic movements 

– subsidence in the bottom of the depression, of the 
rise in the southern part on the line of the great 

heights and by the geological structure (Orghidan, 
1939; Naum, 1961; Posea, 1971, 2005; Ielenicz, 

1984; Grigore, 1989). Upper Buzău, Bâsca Mare and 
Bâsca Mica developed their basins over the current 

line of high altitudes, the evidence being the erosion 

surface of +/-1000 meters. According to Orghidan 
(1969 p. 43), there are no traces to prove that Buzău 

river is a late intruder. 
The organization of the drainage network was 

done differently as claimed by some authors, and 

their opinions must be taken into account when 
considering the different stages in the evolution of the 

river. Thus, the influence that the lower base level of 
the Brașov Depression had on the disorganization of 

a paleo-network is accepted. The first stage refers to 

the existence of a paleo-Buzău with springs in 
Harghita, over the Brașov Depression (Posea and 

Garbacea, 1959), and explains a paleo network with 
the right tributary of the Upper Buzău in Ciucaș. The 

subsidence in the Turn Depression determined the 
concentration of the hydrographic network towards a 

local level, and then the reorganization according to 

the game of the basic levels and of the Quaternary 
tectonic movements (Iancu, 1971; Ielenicz, 1984). In 

our opinion (Grecu), the oscillations of the riverbed 



 
Risk of Dynamics of the River Stream in Tectonic Areas. Case studies: Curvature Carpathian - Romania and Maghrebian Chain 

- Algeria 

10 

on a river-lake subsident relief imposed a gradual 

direction of the flow to the south on easy lines. The 

Buzău Valley corridor is located on an axial sinking 
area of the folds, it is a tectonic corridor (Socolescu 

et al., 1975). 
Along the corridor, there is an alternation of 

narrow transverse and diagonal sections, created in 

the Miocene and the Pliocene and also elongated 
depressions corresponding to synclines. This 

orientation is still observed in the dynamics of the 
riverbed. The analysis of meanders (1980 and 2017) 

from the source to the confluence with Crasna shows 
changes by sectors as follows (Grecu et al 2021): 

- In the upper watercourse (up to Brădet), the 

meandering index increases from 1.35 in 1980 to 1.4 
in 2017); 

- In the depression area (between Brădet and Sita 
Buzăului), the lateral erosion is the most active, the 

meanders with variable lengths are bigger and more 

numerous, some of them have not been maintained; 
the meandering index increases in 1980 to 1.46; in 

2017 it remains the same, but decreases compared 
to 1980 to 1.4; 

- Downstream, towards the confluence with 
Crasna, the meanders are dense but of much smaller 

lengths (coefficient in 1980 and in 2017 of 1.26). 

Overall, from the source to the confluence with 
Crasna, the meandering index decreases, but it has 

higher values in the central part of the subsidence 
area. The transverse profiles highlight the leftward 

movement of the active area. 

Thus, for 1980, the largest meander displacement 
is 2263.02 meters to the left in the upper sector I (up 

to Brădet ), 1079.9 meters to the left in sector II 
depression and 667.70 meters to the left in sector III 

Zăbrătău-Crasna (upstream of the gorge). For 2017, 

the largest shift of meanders compared to the 
asymmetry of the river is also to the left and is 

2161.59 meters in sector I, 1078.81 meters in sector 
II and 667.66 meters in sector III, but there are slight 

decreases in values due to regularization of 
watercourses. Higher displacement values can be 

attributed to local petrographic conditions, in 

conditions of a lower sinuosity index. 

Geomorphological and geological settings 
of Mila-Constantine Neogene basin 

The area concerned by this study is located within 

the Mila-Constantine Neogene basin. It is part of a 
group of intramountain basins that characterize the 

Alpine chain of North-East of Constantine which was 
mainly structured during the Tertiary phases as a 

result from the structuring of the Maghrebids Basin 

and its African and European margins (Benabbas, 
2006). It is a post-nappe basin that has been filled by 

a silico-clastic and carbonate series of Mio-plio-
quaternary age (Vila, 1980; Coiffait, 1992). This 

receptacle is installed on a substratum pre-structured 

by thrust sheet units of the Tellian, Penitellian and 

neritic units belonging to the external zones of the 
Maghrebian chain of eastern Algeria (Vila, 1980; 

Wildi, 1983). 
Our study area is located on several distinct 

paleogeographic and structural domains: internal 

domain, Flysch domain, and external domain. The 
Maghrebian chain is an Alpine segment characterized 

by the accumulation of large thrust sheets with south 
vergence (Benabbas, 2006). 

The altitude ranges from 500 to 1200 meters 
above sea level. This area is characterized by a dense 

hydrographic network constituted by a set of oueds 

(rivers), ravines and gullies This network is mainly 
represented by the following oueds: Oued Smendou 

located in the Kébir Rhumel-Smendou watershed, 
which is the principal stream in the basin (Fig. 5), and 

Oued Benbrahim-Bouhadjeb located in the Safsaf 

watershed (Fig. 5), and Oued El Kram, and Oued El 
Aria in the east which has permanent flow. Often, 

these streams are flowing to the Northeast direction. 
The study area is characterized by a semi-arid 

climate with high temperatures (from 28 to 41°C) and 
low precipitations (from 600 to 900mm) in the 

summer, and high humidity, precipitation and low 

temperature in the winter. We can speak of two 
typical seasons (rainy and dry) that stand in contrast. 

About 63% of the annual rainfall quantity is 
concentrated between December and February each 

year. (Benzid, 2017; Manchar, 2021) 

At the orographic level, the study area can be 
subdivided into three distinct natural sub-areas: the 

first one is the mountainous massifs of the Numidian 
chain in the north, the second one is the hills of Conde 

Smendou and Zardezas with altitudes varying from 

400 to 500 meters and the third one is the low areas 
which are represented by: 

1. The depression of Oued Beni Brahim-Bou 
Hadjeb, which drains a large part of the southern part 

of our study area and seems to follow a West-East 
direction at the beginning to change to a South West 

- North East, and finally to reach the valley of Oued 

Safsaf (beyond the mountains of Ouled Hababa) (Fig. 
5, 7); 

2. The depression of Oued Smendou which in its 
upstream part Oued Smendou is presented as a 

geomorphological, hydrographic, and geological 

(tectonic anomaly), indeed, this Oued was supposed 
to converge on Oued Beni-Brahim – Bou Hadjeb to 

join Oued Safsaf, however, it suddenly changes 
direction to the south of the town of Zighout Youcef 

forming a perfect angularity and takes a north-east 
south-west direction to join Oued Rhumel-Kébir (Fig. 

8, 9). (Benzid, 2017; Benabbas et al., 2019; Benabbas 

et al., 2021). 
The slopes that constitute the Mio-plio-quaternary 

filling, are juxtaposed on several kilometres and are 
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composed of formations with clay predominance 

(Raoult, 1974). 

From the morphological point of view, the basin of 
Mila-Constantine is divided, from west to east, in 

three units – Ouled Kebbeb, the Smendou unit that is 
analysed in this work, and the Mila unit, which is the 

most important. These units are inserted between the 

Numidic chain in the north and the mountains of 
Constantine in the south (Fig. 9). 

Geologically, the study area is characterized by 
superposition of thrust sheet units made up from the 

base to the top (Fig. 6) by: Neritic unit (Cretaceous 

carbonate), Ultra-Tellian unit (Cretaceous-Eocene 

marls and marly limestone), Tellian s.s. (sensu-

structo): Marly dominance (Cretaceous-Eocene), 
Numidian unit with sandstone Burdigalian, clay and 

flysch (Eocene), Mio-Plio-Quaternary:  sandy clays, 
marls and conglomerate (Mio-Pliocene). Alluvial 

terraces and lacustrine calcareous formations with 

Quaternary age (Raoult, 1974; Coiffait and vila, 1977; 
Coiffait, 1992; Vila, 1980). This edifice was deposited 

during paroxysmal compressional phases Eocene and 
Miocene (Durand-Delga, 1969; Raoult, 1974).

 

Fig. 5: Oro-hydrographic and toponymical map of the study area. (After BENZID Y, 2017 modi-

fied) 

 

Fig. 6: Geological position of the area study (Q: Quaternary undifferentiated (Villafranchien to 

current); AS: Allochthonous South Sétifien group; D: Limestone chain: Paleozoic to Upper 

Lutetian of the internal, median and external zones; FM: Mauritanian flysches; Fm: 



 
Risk of Dynamics of the River Stream in Tectonic Areas. Case studies: Curvature Carpathian - Romania and Maghrebian Chain 

- Algeria 

12 

Massylian flyschs, Typical series with phtanites or green and red breccias; G: Granite, 

granodiorite, microgranite, dolerites and rhyolites; N: Contantine neritic tablecloth; NT: 

S.S tellian tablecloths; Nt:  Tellian tablecloths; OMK: Kabyle oligo- Miocene, olistostrome; 
P: Marine Pliocene of coastal areas; PT: Penile tablecloth; S: Allochthonous Sellaoua-type 

training; SB: Basic base of Cap Bougaroun (peridotites and retromorphosed kinzigites);  
SE: Pedestal of Jebel Edough; SK:  Metamorphic base of Little Kabylia and Bou Hatem 

(phyllades, mica schists, porphyroids, gneiss); SS: Allochthonous and parautochthonous 

foreland formations; TB: Effusive rocks; gN: Numidian sandstone and mixed series; m:  
Undifferentiated transgressive marine Miocene of the tellian aquifers and of the alloch-

thonous, parautochthonous foreland; m’: Upper Burdigalien –Langhien of the littoral mar-
gin; mp: Continental Mio- Pliocene; t: Triassic (Clays, ground gypsum and calcaro-dolo-

mitic ice cubes);  u: Ultra-telliene tablecloth - Typical series (Neocomian to Upper Lute-

tian) marly and marl-limestone to light Cretaceous) 

 

  

Fig. 7: Situation of the Safsaf watershed Fig. 8: Situation of the Rhumel Smendou water-

shed 

 
 

 

Fig. 9: Localisation of the Rhumel-Smendou and Safsaf watershed and regressive erosion, A - 

Rhumel Smendou watershed, B - Safsaf watershed 
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Methodology of producing the fluvial 
geomorphology map in the North-East of 
Algeria – identification of vulnerability 
factors 

The elaboration of the fluvial-geomorphology map 

of the North East of Algeria was carried out based on: 
- The map of the hydro-climatological network 

made by the national agency of hydraulic resources 
(ANRH) on a scale of 1/500000 (2006 edition).  

- The “Shutter Radar Topography Mission” SRTM 

was used to delineate a digital elevation model (DEM) 
with a resolution of 30 meters. 

In order to process this digital elevation model, 
ArcGIS 10.8 software was used to generate the 

watershed, sub-watershed and hydrography network 

of the North-East of Algeria which are the Constantine 

coastal watershed (Fig. 7, 8, 10), the Kebir Rhumel 
watershed, and the Sybouse watershed, the studied 

area is divided into three Zones: 
- The first zone is the Constantine coastal zone 

located on the northern slope of the Numidic chain 

(Fig. 7, 10). 
- The second zone is the intramountain zone (Fig. 

9, 10); situated between the coastal and the north 
slope of Numidic chain zone. 

- The third zone is the interior zone limited 
between the south slope of Numidic chain from the 

north and Constantine mountains to the south (Fig. 

8, 10).

 

Fig. 10: The fluvial geomorphology map of the North East of Algeria 

This important map shows the genesis and the 

evolution of the hydrographic network of the 
Maghribides chain (North-East of Algeria). There is a 

concordance between the mountains and the 

hydrographic network, the rivers in longitudinal with 
the mountains (Numidic chain) take the East-West 

direction. Moreover, the transversal rivers have a 
South-North direction. 

It is necessary to take into consideration the 
heritage and the geological history during the 

evolution of the relief. The active dynamic of northern 

Algeria and the eastern part in particular, favours the 
genesis and the evolution of instabilities, which are 

mostly caused by terrain deformations. A complex 
morpho-structural context frequently promotes and 

guides these deformations (Benabbas, 2006, Benzid, 

2017; Benabbas et al., 2018). 
The watersheds of the North-East of Algeria form 

a Mediterranean region with a large variety of 

erosional processes. The Pliocene topography formed 
the basis for the evolution of the hydrographic 

network of the North-East of Algerian Watersheds. 
After that, tectonic activities gave the region its 

mountainous appearance (Maghribides chain) which 
develops progressively at the end of the Pliocene. 

These active tectonic movements are also responsible 

for the resumption of river down cutting, which may 
incise deep valleys and gorges. (Khanchoul and 

Saaidia, 2017).
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A B 

Fig. 11: A - Coastal zone in Collo; B - Intramountain zone 

 

The role of the slope in the dynamics of the 
river 

Energy component of water masses (dependence 

on velocity, gravity, depth of current and absolute 
absence) (kinetic energy is equal to 1/2 (mv2). 

1. Various longitudinal profile on the slope 
depending on the relief shape (Fig. 12 A, B); 

2. River level; 

3. River processes - erosion and accumulation 
(Fig. 4); 

4. Analysis of deposits - reliefs (reeds, islets) and 

Granulometry (sampling, laboratory analysis); 
5. The islets of the Buzău River in the Întorsura 

valley.

 
 

A B 

Fig. 12: A - Longitudinal profile: Buzău; B - Longitudinal profile: Rhumel 

 

Tectonic risk within the Curvature 
Carpathians 

The Buzău River basin is located in a region known 

for its tectonic mobility specific to the Curvature Car-
pathians (Visarion et al., 1977). This tectonic mobility 

is maintained by the frequency of earthquakes in the 
Vrancea seismic region, with earthquakes of more 

than 7 degrees Richter. Each earthquake is a risk fac-

tor for the triggering of geomorphological processes 
of the watershed and the riverbed. 

The mountainous and Sub-Carpathian region is 

part of the sedimentary flysch of the Cretaceous, 
Paleogene, Mio-Pliocene and plain unit. The Quater-

nary with fluvio-lacustrine deposits, is dominated by 
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rocks less resistant to erosion, which favours the sup-

ply of sediments in the subsurface areas (Săndulescu 

et al., 1968; Grecu et al., 2007). 
The elevation and the subsidence movements re-

quire reorganization of the hydrographic network 
through captures, at the alternation of the erosion 

and accumulation processes and thus at the creation 

of a certain river style (Sembroni et al. 2021). In the 
Curvature Carpathians, the formation of the Buzău 

River shows a stage of formation, with varying inten-
sities, due to the subsidence areas from Întorsura 

Buzăului and from the Romanian Plain. In the Întor-
sura Buzăului area there are intense processes of ac-

cumulation in oysters on the background of a longi-

tudinal profile with extremely low slope. This is an 
area where there is frequent flooding. In the Roma-

nian Plain, the meandering processes (lateral erosion, 
accumulation) are accompanied by floods and excess 

humidity. 

In the mountain area, the elevation movements 
are 3-5 mm/year, with some slight local subsidence 

(ex: Întorsura Buzăului). In the plain towards the con-
fluence area reach 7-8 mm/year. The slope accentu-

ated in the upper watercourse and the slope reduc-
tion favoured river depletion and accumulations, 

forming oyster. In these conditions, torrential rainfall 

floods occur. 

The tectonic risk in the Zighoud Youcef re-
gion (NE of Constantine) 

The rivers in the North-East of Algeria, in the 

Zighoud Youcef area, form a hydrographic knot com-
posed of waters between the Rhumel-Smendou and 

SafSaf watershed (Fig. 9). Morphometric and hydro-

geomorphological analysis reveals a total transverse 

river/Rhumel Smendou watershed and a river entered 
into Zighoud Youcef depression probably by capture. 

This particular morphology was probably guided and 
accelerated by a morpho-structural context repre-

sented by the active tectonic activity that the region 

has experienced during the end of the Pliocene and 
during the whole Quaternary (Benabbas et al., 2019; 

Benabbas et al., 2021). So, the remnants of the hy-
drographic network are also influenced here by tec-

tonics and lithology. 
The watersheds have the same order of size (6) 

(after Horton 1945, Strahler 1952, Zăvoianu 1985, 

Grecu 2004) and similarities in the source area. In the 
field there is a more active regressive erosion of the 

tributaries of the Rhumel-Smendou watershed, prob-
ably influenced by the level of the accumulation lake 

and lithology (Fig. 7, 8).  

Within the Zighoud Youcef area, the watershed 
between the neighbouring basins (Oued Sbikra and 

Ben-Brahim Bouhadjeb) is subjected to regressive 
erosion processes, landslides specific to an imminent 

catch (Fig. 13). This fact is also proved by the large 
number of 1st and 2nd order river segments with re-

gressive character. Their average length from less 

than 0.50 km to 1.00 km attests to the high degree 
of torrentiality (Fig. 13).  

The achievement index below 50% for the number 
of segments and for the lengths shows an imbalance 

in the basin of the order 6 size.

   
A B C 

Fig. 13: A - Regressive erosion of the Beni Brahim-Bouhadjeb river; B – settlement and road on 

water scale; C - Upstream part of the Oued Beni Brahim-Bou Hadjeb river 

 
The morphometric analysis of the drainage net-

work with the Horton-Strahler classification allows 
comparisons in the genesis and dynamics of river seg-

ments and the vulnerability of the land to hydro-geo-

morphological processes. In this context, the mor-

phometry of some rivers in contact sub-basins of tec-

tonic significance was made as follows (Fig. 10, 13, 
14): 

1. Rivers with springs susceptible to imminent cap-

ture (RL longitudinal rivers) and responsible for mod-
ifications of the common (frontal) water table in the 
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Zighoud Youcef area of the Rhumel-Smendou water-

shed, Oued Sbikha and SafSaf – Oued Beni Brahim-

Bouhadjeb basins; 
2. Rivers (SafSaf and Sbikha) in basins developed 

on the north-Mediterranean slope, (see fig. map of 
fluvial geomorphology) transverse rivers (RT), with 

active regressive erosion towards the watershed with 

the basins of longitudinal rivers (RL). 
Morphometric analysis shows remarkable similari-

ties in the dynamics of the RL rivers by bifurcation 
ratio (3.79 and 3.54 respectively) and the degree of 

realization. We specify that morphometric analysis on 
the whole catchment of ordinal 6 (Rhumel-Smendou 

and SafSaf watershed) shows the same situation. In 

both basins, the number of order 1 and 2 organisms 

is about 1100, and the confluence ratio per RC basin 

is 4.18 and 4.28 respectively. 

The maps of landslides at the top of the gullies 
show their elongation by complex slope processes, fa-

voured by the specific geological substrate of the Mio-
Pliocene flats. There is however a dominance of these 

processes in the whole region (Manchar et al., 2019). 

In conclusion, the analysis of the lower segments sig-
nals an increased vulnerability in the area of the water 

ridges. However, it cannot support an imminent 
catchment under similar river conditions, with current 

dynamics dictated by the local base level (dam, lake). 
Relevant data for this purpose could be revealed by 

the analysis of river lengths over the entire catch-

ment, but for paleo evolutionary situations.

 

Fig. 14: Rhumel-Smendou and Safsaf sub-watershed, Horton Strahler hierarchy and torrential 

erosion in the Ziroud Youcef area 
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Conclusions 

The Întorsura Buzăului sector and the Constantine 

area are distinguished by an active tectonic, the ac-

tive dynamics of the river bed and also by hydrotech-
nical works against floods, regularization of the minor 

river bed, shore defence. In the tendency to re-
balance the riverbed, the response of the analysed 

rivers is different in longitudinal profile and in trans-

versal profile. 
The Buzău River forms a sinuous and unique pat-

tern in the Carpathians, a braiding one in the Sub-
Carpathian and piedmont plain, and a meandering 

one in the lowlands. This is a general picture, because 

the limits between these patterns are not precise and 

there are also intermediary types (Grecu, 2018). The 
braiding pattern corresponds to a slope of 2.7 m/km 

and it covers 88 km in length (Grecu et al., 2014, 2017 
b). 

The important variations of the active channel’s 

width at the entrance in the piedmont plain in the vi-
cinity of confluences, which indicate the role of tribu-

taries in bringing yield in the main channel (Toroimac 
et al., 2010; Dumitru, 2020). The average width di-

minished by 69% in 25 years (1980-2005) (Grecu et 
al., 2014). The braiding channel could be easily reac-

tivated during extreme floods (Negru, 2010).

 
A 

  
 

B 

Fig. 15: Anthropic arrangements of the Buzau River: A - Siriu Accumulation Lake, basic local 

level with influence in the current dynamics of the slopes: erosion and massive landslides 

(photo Mircea Vișan 2017). B - River arrangement works against floods in the Întorsura 

Buzăului Depression (protective wall and gabions) 
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Fig. 16:  Anthropic arrangements:  the Rhumel River in Constantine area (Kebir-Rhumel Water-

shed) 

   
A B C 

Fig. 17: A - The Rhumel River in the central Constantine gorge; B - at the exit of the pier; C - 

slopes affected by erosion and landslides in the peri-urban area of Constantine 

 
A 

 
B 

Fig. 18: A - Landscaping in Constantine; B - suspension bridge over the Rhumel gorge in the city  

 

In the Numidic chain, there is a direct reporting of 
the drainage network to the mountain peaks and de-

pression areas, compared to which they are transver-

sal, respectively longitudinal (see geomorphological 
map). The current dynamics of the riverbed in the 

Rhumel basin, for example, is anthropically influenced 

by the creation of local base levels. In the current state 
of our research, we cannot assess their antecedent, 

epigenetic character or the role of catchments, some 

riverbeds being probably petrographic. However, the 
role played by regressive erosion in the tendency of 
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frontal catchments and of the widening of some hydro-

graphic basins to the detriment of the adjacent ones is 

evident. The basic levels created by the accumulation 
lakes have a major importance in the current dynamics 

of the rivers by the modification brought in the longi-
tudinal profile, by the acceleration of the erosion on 

the slope and in the riverbeds. Excavation of gravels, 

by artificial elevation of meadows (observations and 
field research in the Constantine area towards Annaba, 

Skikda, Collo, Jijel, Guelma, etc.)   
The risk of floods-imposed regularization of the riv-

erbed, with methods specific to each segment of the 
mountain, hilly or plain (Buzău River and Rhumel 

River) (Fig. 4, 15, 16, 17). 
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Abstract 

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

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

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

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

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

 

Introduction 

In this study, we focus our attention on soil erosion 

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

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

The amount of sediments resulting from soil has, 

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

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

Soil erosion exerted by water is a scientific topic 

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

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

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

soon after the Universal Soil Loss Equation (USLE) 

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

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

equation is “an erosion model predicting longtime 

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

and management system and from rangeland” 

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

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

loss by water erosion in Europe”. Panagos used a 

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

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

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

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

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

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

calculated the value for soil loss rate for the entire 

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

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

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

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

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

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

Țărnii Valley, Crâng and Ghelțag sites. Popa used the 

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

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

provides relevant results (Popa, 2017). 

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

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

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

watershed (Apuseni Mountains) adapting the USLE 

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

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

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

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

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

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

Ialomița County, Romania”. The authors used the 

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

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

agricultural land from Lugoj Hills. The average value 

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

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

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

Study area and data 

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

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

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

Floodplain, corresponding to Dolj County. 

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

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

relative altitude of 27-35 m, which formed the 

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

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

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

Danube’s Floodplain. 

The absolute altitude of the area, according to 

SRTM digital elevation model, varies from 19 m in the 

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

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

erosivity. This means that it can be a strong influence 

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

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

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

as Jiu – Jieț Floodplain. The two geophysical regions 

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

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

Stanciului. 

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

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

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

Triassic-medium deposits consisting of submarine 

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

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

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

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

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

interspersed with red clays. In the center of the 

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

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

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

sandy, with subordinate intercalations of sands and 

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

interspersed. 
The youngest deposits from the studied area 

belong to the upper Holocene and are found in the 

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

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

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

Below the Holocene deposits appear deposits of 

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

A bore located near Gîngiova indicates the 

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

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

then fallow non-cohesive yellow sands, Quaternary 

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

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

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

temperatures range between 10 to 12ºC (NAM). 

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

near it. 

Table 1 Meteorological stations 

Station Latitude Longitude Altitude 

a.s. 

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

Bechet 43º46’ N 23º57’ E 35,6 m 

Băilești 44º1’45”N 23º19’51”E ~80 m 

Calafat 43º59’N 22º57’E 60,8 m 

Drobeta 

Turnu-

Severin 

44º37’35”N 22º37’34”E 77 m 

Caracal 44°6'0"N 24°21'25"E ~95 

Source: National Administration of Meteorology 
(NAM) 

At the Băilești weather station, located in the 

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

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

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

(54.3 mm). The winter months had relatively low 

rainfall averages. For example, the average of 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Calafat (116.2) and Băilești statios. 

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

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

The study area is mostly (more than 90%) 

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

land-cover/clc2018). 

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

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

as Balăsan and Desnăţui and it has on its surface 

many gullies through which water flows during the 
rainy days. 

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

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

The right flank of the corridor is very steep being 

prone to erosion exerted by water. 

Method 

To quantify the soil loss rate, we used RUSLE 

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

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

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

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

factors (eq. 1).  
 

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

 
To estimate rainfall erosivity factor or R-factor, we 

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

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

aggressiveness (Arnoldous, 1980). 

𝑀𝐹𝐼 = ∑
𝑝𝑖

2

𝑝

12
𝑖=1        (2) 

                                                                                      
According to Arnoldus (1980), pi is the average 

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

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

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

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

index to estimate rainfall erosivity, stating that 

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

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

Turnu-Severin. Thus, we calculated for each station 

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

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

extension, Spatial Analyst. 

 

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

elevation data from the Shuttle Radar Topography 

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

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

Equation (USLE) and its revised version (RUSLE) 

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

et al, 1996). 
 

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

(𝐷𝑚+2)x(𝑋𝑖𝑗
𝑚)x(22.13)𝑚

   (3)                                            

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

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

m represents the length of the slope in meters and Xij 

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

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

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

𝑚 =
𝛽

𝛽 + 1
 

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

                                                (5) 

𝛽 =

𝑠𝑖𝑛𝜃
0.0896

⌊3(𝑠𝑖𝑛𝜃)0.8 + 0.56⌋
 

 

Where θ is the slope raster (in degrees). 

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

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

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

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

0.09.  
                                                                 (7) 

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

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

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

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

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

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

classification, 
c = the profile-permeability class. 

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

nomograph (1978). We used the highest clay percent 

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

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

each textural class, we created a 30-m resolution 

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

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

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

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

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

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

proposing the LANDUM model for C-factor in 

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

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

Table 2 C-factor per land-cover type 

Label  CLC-
code  

C-factor  

Artificial surfaces  112/121  0  

Artificial, non-agricultural 

vegetated areas  
141  0  

Non-irrigated arable land  211  0.3  

Rice fields  213  0.15  

Vineyards  221  0.45  

Fruit trees and berry 

plantations  
222  0.3  

Pastures  231  0.05  

Complex cultivation 
patterns  

242  0.2  

Land principally occupied by 
agriculture… 

243  0.2  

Broad-leaved forest  311  0.003  

Transitional woodland-

shrub  
324  0.05  

Inland marshes  411  0  

Water courses /bodies 511/512 0  

Source: Panagos, et al., 2015 

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

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

C = exp[-α*(NDVI/(β-NDVI))] 

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

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

Discussion 

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

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

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

ranging between 6.21 and 9.03, and they increase 

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

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

weak structure are exposed more to deflation rather 

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

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

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

rainfall quantity is 524.2 mm. The corresponding 

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

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

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

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

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

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

Northern part of the plain, more precisely, near 

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

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

of Gighera, Afumați and Bistreț Lake there is a high 

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

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

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

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

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

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

texture is more exposed to soil erosion exerted by 

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

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

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

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

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

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

Băilești Plain and Jiu River Floodplain where the 

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

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

 

 

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

 

 

Fig. 4: LS-factor

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 1 (June 2021), pp. 24-33
http://dx.doi.org/10.5775/fg.2021.112.i



 
 

Estimating Soil Erosion Exerted by Water in the Lower Sector of the Jiu River Floodplain and Băilești Plain 

30 

Land use and land cover factor (Figure 5) influence 

the magnitude of soil loss. According to Panagos 

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

and 0.45. The highest values of C-factor correspond 

to vineyards and non-vegetated areas, and the lowest 

to artificial surfaces and water bodies. 

 

Fig. 5: C and P - factor

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

on people’s lives. 

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

there is a spatial correlation between high slopes and 

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

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

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

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

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

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

analysis has shown us that the low value of soil loss 

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

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

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

the relationship among the rasters data involved in 

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

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

raster data of every factor used to compute the soil 

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

 

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

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

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

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

Layer RUSLE R LS K C SLOPE DEM 

RUSLE 1.00000 0.21178 0.06571 0.47287 0.37382 0.06614 0.39577 

R 0.21178 1.00000 0.08637 0.34940 0.02954 0.07553 0.36193 

LS 0.06571 0.08637 1.00000 -0.02651 -0.17137 0.91144 0.07197 

K 0.47287 0.34940 -0.02651 1.00000 0.33642 -0.03867 0.59486 

C 0.37382 0.02954 -0.17137 0.33642 1.00000 -0.18921 0.27488 

We can also observe that as the altitude increase 

so does the soil erosion rate. RUSLE values increase 

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

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

lowest correlation is between LS-factor and RUSLE 

values.  
  

 Conclusion 

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

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

involved in the equation. 

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

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

an analysis on the soil loss rate taking into account 

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

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

rate exerted by water after a short and intense rain 

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

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

very law. This is happening because most of the 

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

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

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

In the regions where the soil loss rate exceeds 2 

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

stop deforestation and adapt the agricultural 
practices to slopes. 

An aspect that caught our attention is that RUSLE 

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

be computed. 
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Abstract 

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

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

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

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

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

  

Introduction 

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

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

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

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

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

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

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

Especially after World War 2, the presence of gas 

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

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

and installations for the deposit, manipulation and 

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

2012). In the scientific literature, gas stations are 

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

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

The idea that any industrial activity taking place in 

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

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

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

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

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

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

wellbeing  (Abdullahi & Dawha, 2015). 

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

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

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

perception of the population on the risk associated with 

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

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

cities, and in the case of Bucharest they are 

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

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

factors, with a high capacity of transforming land uses 

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

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

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

Residential areas are characterized by a high 

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

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

One of the significant social changes is represented 

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

2015). The higher concentration of urban population 

leads to the emergence of environmental conflicts 

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

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

phenomenon comes with profound implications on 

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

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

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

spatial distribution in Sector 4 of Bucharest, and the 

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

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

population regarding potential negative effects 

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

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

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

is still very much car-oriented, requiring the presence 

of gas stations at reasonable distances. 

Methodology 

Study area 

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

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

inhabitants (representing 15.58% of the total 

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

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

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

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

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

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

challenges balancing between public transportation 

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

 

Data collection and analysis 

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

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

downloaded from geospatial.ro, and which represent 

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

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

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

tween March and June 2020, of which 31 responses 

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

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

buffer analysis, as well as mapping information of the 

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

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

items resulted from the observation sheets. Buffer 

analysis was realized to verify the correspondence 

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

(Ministry of Public Works and Spatial Planning). 

The statistical multivariate method of canonical 
correspondence (Canonical Correspondence Analysis 

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

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

from the questionnaire, which included 14 items with 

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

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

the residence of the respondent and a gas station: 

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

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

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

 

Results 

Distribution and characteristics of gas 
stations 

Gas stations from Sector 4 are not distributed 

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

stations only 7 are found in collective residential 

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

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

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

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

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

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

vegetation met within 21 gas stations are shrubs. In 

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

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

  

Fig. 3: Vegetation and problems observed in 

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

observations are represented by unpleasant odors, 

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

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

values given to the problems encountered in the 

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

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

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

stations should be emplaced according to the limits 

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

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

transportation (Table 1), demonstrating a deficient 

emplacement of gas stations. 

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

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

observations on the distances between gas stations 

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

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

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

presents a similar situation. From the total number of 

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

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

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

Emplacement Legislation Field observations distances 

  Min. Max. Median 

Intersection > 100 m 5 m 230 m 100 m 

Residential space > 25 m 10 m 50 m 30 m 

Public transportation > 10 m 1 m 50 m 10 m 

 

 

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

portation 
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Perception analysis 

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

spatialize their distribution in the study area. We 

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

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

indispensable for their transportation. A smaller 

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

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

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

categories: those who approve to their presence, 

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

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

negative effects and potential risks. 

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

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

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

 

Fig. 5: Buffer analysis between the residence 

of respondents and gas stations 

 

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

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

there is a higher proportion of those perceiving 

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

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

perceived risks associated with gas station come from 

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

than daily experiences. 
The multivariate statistical method of canonic 

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

stations in residential areas, according to the distance 

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

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

representative according to the distance from gas 

stations. 

Most people do not agree with the presence of gas 

stations in residential areas or other public spaces, 

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

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

of the risks associated with gas stations, and 

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

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

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

effects of gas stations on residential areas, and aspect 

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

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

 

 

Fig. 7: Results of the Canonical Correspondence Analysis 

 

Discussion and conclusion 

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

subject is about the indispensability of gas stations in 

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

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

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

analysis, we did another analysis of 3 separate 

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

Likewise, we considered the study entitled “Effect 

of leaking natural gas on soil and vegetation in urban 

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

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

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

decided to plant new trees and also to install 

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

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

The field observation sheet is one of the simplest 

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

with reliable data with a spatial dimension. The 

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

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

field observations, as all of the gas stations are with 

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

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

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

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

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

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

problems perceived by the population. In addition, by 

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

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

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

perceived as a necessity by the population. 

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

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

rest being undecided. Even though most of the gas 

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

and deemed as important for the mobility in 
Bucharest. 

In the future, we will continue our study by 

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

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

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

make field observations to gas stations in the rest of 

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

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

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

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

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

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

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

 

Introduction 

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

and terrestrial ecosystems (Strat and Mihăilescu, 

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

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

The most important objective is to analyze the 

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

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

deterioration (Budzisz et al., 2016). 

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

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

Directive 92/43/EEC on the conservation of natural 

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

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

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

ecological and hydrogeological criteria, as well expert 

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

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

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

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

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

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

prioritized 11 groundwater-dependent habitats using 

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

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

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

Romania has conducted an analysis of the 
interdependence between groundwater and 

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

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

multiannual averages of the hydrostatic level for the 

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

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

Community Importance ROSCI0224 - Scroviștea was 

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

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

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

Community Importance ROSCI0224 Scroviștea, using 

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

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

ecological and hydrogeological, there are exchanges 

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

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

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

Study area 

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

groundwater body belongs to the basin of the 

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

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

 

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

largest surface in Vlăsia Plain, on the subunits Maia, 

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

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

The study area is characterized by a temperate-

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

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

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

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

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

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

thickness influence, on the one hand, the infiltration 

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

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

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

cambisols, hydromorphic and undeveloped soils 

(Roșu, 1980). 
The hydrodynamic relationships between 

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

water sources. The ROIL16 groundwater body is 

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

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

Căldărușani, Mânăstirii) of accumulation (Dridu, 

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

Corbeanca). 
The groundwater body ROIL16 – Vlăsia Plain has 

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

period 1991 - 2009 for some localities in the study 

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

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

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

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

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

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

(Săndulescu et al., 1968).  

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

hydrogeological studies from the execution of the 

observation wells from the National Hydrogeological 

Network, in which the phreatic aquifer is described 

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

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

protection zones and the hydrogeological protection 

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

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

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

northwestern part of the groundwater body ROIL16, 

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

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

and UNESCO Pro Natura Ecological Club, 2016). The 

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

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

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

which it was delimited. The six Natura 2000 habitats 

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

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

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

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

Nymphaea alba, Nuphar luteum, Potamogeton natan, 

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

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

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

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

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

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

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

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

Aegopodium podagraria etc.

 

 

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

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

Data and methods 

The first step was to identify and analyze 

separately the phreatic aquifer and Natura 2000 

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

the relationships between these two complex 
systems. 

The phreatic aquifer was represented in a 

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

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

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

groundwater in an uninfluenced regime were 

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

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

determined based on information from 145 

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

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

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

based on the data from the drilling pump tests; these 

data were statistically processed, obtaining 

histograms, directional variograms, surface 

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

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

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

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

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

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

stations (Siliștea Snagovului) from October 17-19, 

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

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

flow was realized. Based on this, the hydraulic 

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

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

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

program, integrated in the FREEWAT platform 

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

that the hydrographic network was fed mainly from 



 
  

 

47 

the phreatic aquifer for the analyzed period. Based on 

the mathematical model of groundwater flow, a map 

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

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

the Site of Community Importance Scroviștea was 

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

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

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

2000 habitats, provided by the Ministry of the 

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

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

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

This network was superimposed with ROSCI0224 

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

6). 
The methodology involves analysis based on 

hydrogeological and ecological criteria for the 

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

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

Importance (Scrădeanu et al., 2015). 

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

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

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

levels: high dependence (A), medium dependence 

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

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

ecological (EC) and hydrogeological (CH) criteria 

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

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

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

ROSCI0224 Scroviștea and associated habitats that 

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

the R.A.H. (2015). 

The assessment of the dependence of Natura 

2000 habitats on groundwater was performed by 

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

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

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

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

between 0.74 and 14.63 m. 

Results and Discussion 

The application of hydrogeological and ecological 

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

develops on the surface of the phreatic aquifer that 

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

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

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

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

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

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

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

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

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

the share of the underground supply of surface water 

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

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

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

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

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

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

and where the dependence on groundwater is high; 

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

where the dependence on groundwater is considered 
medium. 

The highest degree of dependence identified for 

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

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

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

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

 
 

 

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

robur, Ulmus laevis and Ulmus minor, Fraxinus 

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

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

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

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

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

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

➢ area “B” has been delimited where the depth 

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

medium. 
The highest degree of dependence identified for 

habitat 91F0 was type A - high dependence. Habitat 

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

km2. The degree of dependence of the habitat 91M0 

depending on the surface on which it develops, 

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

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

based on the position of the hydrostatic level of the 

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

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

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

mathematical model of groundwater flow were 

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

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

where the depth of the water static level varies from 

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

 

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

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

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

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

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

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

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

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

the mathematical model of groundwater flow 

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

Sticlărie rivers, habitats 3150 and 3160 could be 

considered potentially dependent on groundwater 
due to the hydraulic connections. 

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

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

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

total area of 29.74 km2 and 3.72 km2 respectively 

(Fig. 6). 

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

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

91E0 and 92A0 may have the following types of 

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

 

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

 
The two habitats are characterized by plant and 

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

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

account that the aquifer feeds the Ialomița and 

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

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

➢ areas “A” have been delimited where the 

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

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

m and where the dependence on groundwater is 
considered medium. 

The highest degree of dependence identified for 

habitats 91E0 and 92A0 was type A - high 

dependence. Habitat 91E0 had high dependence of 

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

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

km2. The degrees of dependence of habitats 91E0 

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

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

(maximum and arithmetic mean), four of the 

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

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

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

habitat development areas are taken into account, 

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

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

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

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

the current degree of knowledge (Scrădeanu et al., 

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

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

criterion.

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

Habitats Natura 2000 

Criteria  

The maximum The arithmetic mean area (km2) 

A* B* C* A B C 

91M0 A B  24.52 5.22  

Degree of dependence categorically 91M0 A A 

91F0 A B  1.88 1.84  

Degree of dependence categorically 91F0 A A 

3150   C   29.74 

3160   C   29.74 

91E0 A B  24.52 5.22  

Degree of dependence categorically 91E0 A A 

92A0 A B  1.88 1.84  

Degree of dependence categorically 92A0 A A 

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

 

Conclusions 

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

the Natura 2000 habitats from ROSCI0224 Scroviștea 
was performed.  

The assessment of the dependency relationships 

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

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

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

Natura 2000 habitats were evaluated, four highly 

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

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

considered that ROSCI0224 Scroviștea has a degree 

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

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

hydrogeological and ecological information comes 

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

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

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

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

groundwater, and ecosystems. 

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

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

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

hydrostatic level because the phreatic aquifer is 

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

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

of terrestrial ecosystems on the hydrochemical 

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

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

qualitative characteristics of groundwater 

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

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

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

knowledge of groundwater and terrestrial ecosystems 

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

biodiversity conservation. 
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Abstract 

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

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

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

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

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

 

Introduction 

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

temporary movements, while the conditions in which 

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

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

Macedonia with two other Western Balkan countries 

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

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

migration from Serbia and North Macedonia was 

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

visa liberalisation, and especially in the last few 

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

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

the transition period via posting workers abroad 

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

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

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

abroad through migration networks and personal 
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contacts, and their departure and return are usually 

either not registered at all or are not publicly 

available.  
Therefore, it is very difficult to estimate the size 

and structural characteristics of return, temporary, 
especially short-term, labour migration. Among the 

more important reasons are inconsistent definitions 

of temporary migration or even their absence. 
Furthermore, the national data production systems 

are still set up according to the long-
term/permanent migration pattern (UNECE, 2016; 

Constant & Massey, 2002). However, in recent times, 
an increasing body of literature and research has 

provided a better understanding of the 

characteristics of these processes, revealing that 
temporary and circular migration is not a negligible 

part of international movements (Constant, 2020). 
Temporary and circular labour migration from 

Serbia and North Macedonia are most intensive 

towards EU countries, which have traditionally been 
the most important destination countries for the 

population from the Western Balkans, and with 
which they have well-established migration ties. 

They are also geographically close, well-connected 
by traffic (Predojević-Despić & Penev, 2016), and the 

social and material costs of migration have been 

significantly reduced thanks to innovations in 
communication and information technologies. 

Although there are some differences between the 
analysed countries, Germany is the dominant 

traditional destination country. Along with the 

increase in temporary migration, there is a 
shortening of stays in destination countries, as well 

as changes in the preference of destination 
countries (Arandarenko, 2020; Ṣoṣea et al., 2018; 

Predojević-Despić & Penev, 2016). The number of 

emigrants has decreased significantly in traditional 
EU destination countries and increased significantly 

in most new EU members. The non-European 
countries, such as China, or the Gulf countries 

where temporary visas are practically the only option 
for work-related residence (Czaika & Villares Varela, 

2012), are increasingly important destinations for 

migrants from Serbia and North Macedonia. 
Additionally, there is an increase in economic labour 

mobility in the WB region. However, analyses show 
that working in new destination countries brings 

relatively modest positive net wage gains to Serbian 

citizens, family members mainly remain in the 
country of origin, and for now, there are no 

indications that they are considering permanent 
residence options in the countries of destination 

(Arandarenko, 2020). 
Compared to initial economic migration, the 

motives for return, repeat, or circular migration are 

less well known (Constant, 2020). The economic and 
employment motives of labour migration stand out 

as essential. These are economic uncertainty, 

poverty, and unemployment of low-income groups 

(Datta, 2004), differences in earnings, 

unemployment rates (Zaiceva & Zimmermann, 
2008), lack of suitable employment, dissatisfaction 

with economic and social conditions (Kushnirovich, 
2010). High unemployment and low wages are also 

underlying economic reasons for the long-term and 

continuous growth of the labour emigration abroad 
from Serbia and North Macedonia. Despite the 

significant decrease in the unemployment rate in the 
last decade, it remains high 10.3% in Serbia (SORS, 

2020) and very high 17.3% for North Macedonia 
(SSO, 2020a) in 2019. Besides unemployment, the 

earnings amount also affects migration flows from 

these countries. Namely, in Serbia in 2018, 2.6% of 
employees earned a monthly salary of less than 250 

euros, while for 38.2% of employees the salary was 
in the range of 250-380 euros (SORS, 2019). In 

addition, the significant share of employees in North 

Macedonia (about 43% in 2019) had a monthly net 
salary ranging from 230 to 300 euros (SSO, 2020b). 

Opportunities to enter the labour market as well as 
job availability significantly affect the choice of the 

destination country of labour migrants (Crawley & 
Hagen-Zanker, 2018). Analyses also show that in the 

last few years, the reasons for the significant increase 

in migration flows from Serbia to the EU are more on 
the side of demand factors in destination countries, 

rather than on increased supply due to unfavourable 
trends in the Serbian labour market (Arandarenko, 

2020). The same can be said for North Macedonia. 

Namely, in the same period, although with smaller 
differences, both countries recorded steady 

employment and GDP growth, more favourable labour 
market indicators, and slightly lower youth 

unemployment. 

The inclusion of remittances in the analysis of 
return migration is significant (Cantore & Calı, 2015; 

Constant & Massey, 2002). Serbia and North 
Macedonia rely heavily on remittances in supporting 

households (Krasteva et al., 2018). The movement of 
remittance inflows further emphasises the importance 

of economic factors of emigration from the analysed 

two countries. The high inflow of remittances also 
shows the strong connection between migrants and 

their families in the country of origin. The role of 
social networks, especially of family, but also friends, 

acquaintances, and agents (including smugglers) is 

very important because they mediate between 
migrants and communities and influence the context 

in which migration decisions are made (Crawley & 
Hagen-Zanker, 2019: 21), as well as the length of 

stay abroad (Bauer & Gang, 1998). The less 
integrated in socioeconomic terms show higher return 

rates, which can be partially explained by the 

realisation of the earnings planned before migration 
(Constant, 2020). 
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Non-economic motives and migration policies are 

also drivers of return and repeat migration. Shorter 

stays abroad, as well as insufficient knowledge of 
the language of the destination country (Constant & 

Massey, 2002) also contribute to an increase in 
return probabilities. The family in the country of 

origin is a significant stimulus for return, but also for 

re-migration (Constant, 2020; Constant & Massey, 
2002). Travel visa policies significantly reduce 

circulation, while the abolition of visa requirements 
leads to their sharp increase (Czaika & de Haas, 

2017). Creating conditions for monitoring, 
encouraging, and supporting circular and return 

migration is one of the goals of the Economic 

Migration Strategy of Serbia 2021-2027, and it is 
also addressed in the Economic Reform Programme 

2020-2022. However, although the documents 
generally mention different types of migrants, the 

envisaged measures and the institutions to which 

they relate imply that low-skilled temporary and 
circular migrants are neglected. The Resolution on 

the Migration Policy of the Republic of Macedonia 
2015-2020 also does not pinpoint measures for 

these types of migrants. Also, migrants' knowledge 
and perceptions of migration policies and the 

possible opportunities they can achieve through 

migration also significantly influence the choice of 
the destination country, so understanding the 

broader context in which migration decisions are 
made is crucial (Crawley & Hagen-Zanker, 2019).  

The outbreak of the COVID-19 pandemic has 

led to a significant reduction in the volume of 
migration flows (OECD, 2020). Migrant workers, 

although they make up a significant part of the 
labour force in most economically developed 

countries, even in essential occupations, and 

especially in the group of cleaners, drivers, nurses 
and labourers in construction, face complex 

challenges, and significantly higher job losses 
compared to the domicile population (OECD, 

2020a; Moroz et al. 2020; Garrote-Sanchez et al., 
2020; Fasani & Mazza, 2020). Furthermore, 

previous research has shown that employers 

selectively omit immigrants during an economic 
downfall (Dustmann et al. 2010). Job loss, in 

addition to major economic problems for migrants 
and their families, often in their countries of origin, 

has resulted in difficulties in providing 

accommodation, social and health care, lack of 
support due to poorly developed networks of 

contacts (OECD, 2020; Guadagno, 2020 Kluge et 
al., 2020), as well as the inability to collect salaries 

(Fine et al., 2020). These problems are even more 
pronounced among vulnerable migrant groups such 

as undocumented migrant workers (OECD, 2020). 

The difficulties are more noticeable and 
significantly more complex for temporary migrants, 

as well as their employers (Matusz & Aivaliotou, 

2020). Additional problems for them arose due to 

travel restrictions. The vast majority of migrants 

who had to or wanted to return to their country of 
origin faced major obstacles (Moroz et al. 2020; 

Guadagno, 2020; Popescu, 2020). Moreover, one of 
the first and rare surveys showed that a large 

number of temporary migrants believe that there 

will be no opportunities for employments abroad in 
the near future (WB, 2020a).  

The first months of the COVID-19 pandemic 
showed that quite a large number of workers from 

the Western Balkans was abroad for temporary or 
seasonal work. All Western Balkan countries have 

organised special flights or otherwise helped their 

citizens to return home during the lockdown. Data 
from the border police in Serbia shows that in March 

and April 2020, more than 400,000 of its citizens 
entered the country, and it is estimated that the 

number for North Macedonia is between 10 and 20 

thousand (Stojančov, 2020). In addition, a 
significant part of them remained in the receiving 

countries and began to return home at the end of 
June, when favourable conditions were created. 

Starting from specific challenges that the COVID-
19 outbreak poses for temporary migrants, as well 

as for migrants who have returned home as a result 

of the COVID-19 outbreak (WB, 2020b) this paper 
examines temporary circular labour migration from 

Serbia and North Macedonia. This research 
contributes to the current understanding of the 

implications of the COVID-19 pandemic on 

temporary and circular labour migration. Moreover, 
this paper advances this field by formulating 

recommendations that can contribute to the more 
efficient management of temporary and circular 

labour migration, given the vulnerability of this 

migrant group. 

Data and methods 

The necessity to attain a detailed and deep 

understanding of common challenges and problems 
faced by temporary and circular labour migrants due 

to the COVID–19 pandemic outbreak required the 
adoption of a qualitative research approach. We 

conducted semi-structured in-depth interviews with 

the target migrant population which constituted the 
basis of our empirical data. This approach was 

chosen given its possibility to present respondents’ 
perceptions, attitudes, and opinions regarding 

researched issues, while enabling clarification of 

answers and keeping validity and variability in the 
sample group of varied personal histories (Barriball 

& While, 1994). 
The questionnaire consisted of several questions 

guided by the aim of understanding the processes of 
temporary and circular migration from Serbia and 

North Macedonia and how it is affected by the 
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COVID-19 pandemic and its societal consequences. 

The first part contained socio-demographic data 

(age, sex, marital status, number of children, years 
of education, and profession) on migrants, which 

might affect their migration experience. Due to the 
specific epidemiological situation, the interviews 

were conducted by phone (cellular or Viber call). 

This method imposed a limitation on the number of 
response categories in closed-ended questions, but 

encouraged respondents’ participation and provided 
long oral responses to the open-ended questions in 

a close dialogue between researchers and 
respondents (Mc Guirk & O’Neill, 2016). 

The research started in May 2020, which 

allowed some time distance from the immediate 
impact of the COVID–19 pandemic in Europe in 

mid-March 2020 and would provide a perspective 
on the change of migration experience, and 

migration intentions after this period. The 

interviews were led by researchers in both 
countries (Serbia and North Macedonia) and they 

lasted around 30 minutes. Researchers pre-
arranged interview time in order to schedule an 

interview at the best time. In the search for 
’information-rich cases’, stratified purposive 

sampling and the snowball technique were used, 

where an invitation to participate was made 
according to migration experience and migrant 

category, as well as to the profession (target 
participants were temporary and circular labour 

migrants from Serbia and North Macedonia working 

in different sectors of the economy). Recruitment 

occurred until saturation emerged and we reached 

the point of no new themes and data.  
The data was collected by the method of note-

keeping with verbatim noting selected spoken 
words. The ID numbers were added to the 

material, and content analysis and thematic 

analysis as described by Taylor-Powel & Renner 
(2003) were utilised to analyse the data, where key 

themes were marked prior to the conclusion. 
Quotations about central issues were selected to 

explain and better understand the views of 
research participants about their practices and 

policies that affected them. The selection of 

particular verbatim quotations was made according 
to similar experiences or points of view in the 

groups of research participants. Respondents were 
called again at the end of 2020 to get new 

information about their country of living and 

working status. 

Results and discussion 

The research included 30 temporary and circular 

labour migrants from Serbia and 20 from North 
Macedonia, aged between 20 and 59. The majority 

of the participants are married. The most common 
education in the sample is secondary education. In 

North Macedonia, most of the respondents (75%) 

are men while for Serbia the sample is more sex 
balanced (Table 1).

Table 1 Socio-demographic characteristics of participants in Serbia (S) and North Macedonia (NM) 

 20-29 30-39 40-49 50-59 Total 

S NM S NM S NM S NM 

Age Total 3 8 9 4 12 5 6 3 50 

Sex Male - 6 4 3 7 4 4 2 30 

Female 3 2 5 1 5 1 2 1 20 

Marital 

status 

Single 3 8 3 - 1 1 - - 16 

Married - - 6 4 10 4 4 3 31 

Divorced - - - - 1 - 2 - 3 

Widowed - - - - - - - - - 

Highest 
educational 

attainment 

Low education - - - - - - - - - 

Medium education 3 3 3 1 10 4 5 3 32 

High education - 5 6 3 2 1 1 - 18 

Sectors of 
the 

economy 

Manufacturing - 3 1 - - - - - 4 

Accommodation and food 

service activities 

1 1 4 2 3 1 1 1 14 

Transportation and storage - 1 1 1 1 1 1 2 8 

Construction - - 1 - 5 2 1 - 9 

Arts, entertainment, and  
recreation 

2 1 - - 1 - - - 4 

Education - - 1 - 1 - - - 2 

Other services - 2 1 1 1 1 3 - 9 

Out of destination countries of temporary and 

circular migrant workers from Serbia and North 

Macedonia, Germany is the most represented. Other 

countries of destination for both cases are Austria, 

Italy, Switzerland, as well as Croatia, Cyprus, 

Hungary, Montenegro, Slovenia, and the United Arab 
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Emirates for Serbian and Sweden, France, USA, the 

Netherlands and the Equatorial Guinea for 

Macedonian migrant workers. Furthermore, there 
were respondents who work as a cruise ship crew or 

in other professions where jobs are performed in 
different locations. 

Job-related impacts of the COVID-19 
pandemic 

Job-related impacts of COVID-19 are basically 
determined by the way the migrants’ status and stay 

in the destination country are regulated, the 

duration of the stay abroad, the way the 
employment status is regulated, as well as the 

sector in which the economic activity is realised. The 
findings obtained from the interviews conducted in 

Serbia and North Macedonia correspond to the 
results of the research on job-related impacts of 

COVID-19 on labour migration, conducted by 

relevant international organisations (Moroz et al. 
2020; Guadagno, 2020; ILO, 2020; OECD, 2020). 

They show that in the receiving countries, foreigners 
with temporary or some form of extended 

employment are the first to lose their jobs, 

especially in the sectors most affected by the 
pandemic. According to Baert et al. (2015), there is 

a protection of the domestic labour force and a more 
favourable position of migrants with a regulated 

long-term stay, particularly during economic crises 
(Dustmann et al., 2010).  

The temporary residence character of most 

respondents is confirmed by the information on their 
stay and employment status in the country of 

destination, as well as the fact that most of them 
stayed abroad without family members. Only 20% of 

respondents from each country has permanent or 

extended residence permit  while 2 persons from 
North Macedonia have a student visa. The length of 

stay is most often associated with the type of 
employment contract, and newly arrived immigrants 

more often work on the basis of temporary contracts 
(OECD/EU, 2018), which is confirmed by our findings. 

Having lower firing costs than workers on permanent 

contracts, fixed-term workers are the first ones to be 
laid off when negative shocks hit the firm or the 

sector (Blanchard & Landier 2002). The largest 
number of respondents (47% for Serbia and 65% for 

North Macedonia) work abroad on the basis of a 

formal contract with the employer on temporary or 
seasonal work. Migrant workers who are in an 

irregular situation or illegally employed are much 
more represented in Serbia than in North Macedonia 

(10 to one). The fluidity of such status as stated by 

Lukić (2016) is seen from the fact that they have 
entered foreign countries with tourist visas or in some 

other way and did not further regulate their work 
status. 

The differences by country could be partly 

explained by the differences in earlier patterns of 

labour migration and the greater importance of 
Germany and Austria as destination countries for 

emigrants from Serbia, which also prompted the 
more intensive development of migrant ties.  

“I don't see a chance to leave legally, because it’s 

hard to get work visas. It takes a lot of time and 
money to get a visa and find the right employer in 

Germany.” (26SM) 
“I have a permanent residence permit, but I 

would not apply for German citizenship because it 
requires giving up Macedonian and Bulgarian 

citizenship.” (2NMM) 

All respondents immediately before or at the time 
of the COVID-19 pandemic outbreak had some work 

engagements abroad. At the time of the interview, 
about 70% of respondents from both countries 

returned to the country of origin. Of these, two of 

three returned because their temporary employment 
contract had been terminated, or due to the reduced 

number of working hours and reduced earnings in 
terms of limited economic activity in the sector. 

Every fifth left their jobs because of the insecurity in 
the receiving countries and due to the closure of 

borders imposed by the COVID-19 pandemic. Others 

were on vacation in the country of origin and could 
not come back later or waited for favourable 

conditions to be created to return and work abroad 
although in uncertainty regarding their future 

employment abroad.  Due to the closed borders, but 

also due to the fact that the EU extended her stay 
for more than 3 months, one respondent continued 

her stay for almost two months and worked illegally 
all the time as a care worker. Three truck drivers 

from North Macedonia found a temporary job in the 

country they found themselves in and provided basic 
subsistence until returning to the home country, and 

two truck drivers after the first lockdown continued 
the work on international lines, but in a reduced 

volume at the employer in Serbia.  
“Since I lost my job, I quickly lost my health 

insurance and had to make an emergency return 

home.” (10NMF) 
“All of us who were foreigners and who worked 

as waiters were the first to be fired.” (8NMM) 
“Whether I will be able to return or not, I don't 

know. It’s hanging in the air. I have no answer. I'm on 

vacation now. Supposedly, after some time you can 
take unpaid leave... It is completely uncertain.” 

(13SM) 
In the period when the interview was conducted, 

from the respondents who returned to the countries 
of origin, 80% of respondents from Serbia and 62% 

of respondents from North Macedonia were 

unemployed. While half of the unemployed return 
migrants are registered with the National 

Employment Service in Serbia, only one-third is 
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registered in North Macedonia. Respondents who did 

not register generally do not see the benefit of it 

and do not have the strength and time for strict, 
frequent, and complex administrative procedures 

when applying. A few respondents stated that they 
did not register because they expect to leave the 

country again. One person from Serbia stated that 

he did not register as unemployed hoping that the 
state will help freelance artists.  Upon returning to 

the countries of origin, only a very small number of 
returned respondents found permanent or 

temporary jobs (10% in Serbia and 15% in North 
Macedonia).  

“I am registered as unemployed but I work 

occasionally. I have been at the Employment 
Bureau for 16 years and they have never offered 

me a job and they recently punished me because 
I could not come on time to apply. I have lost all 

hope, will and faith in the institutions and the 

employment system.” (14SM) 
“Although I lost my job in Germany, here in North 

Macedonia I work in the agriculture. We have our 
own agricultural production.” (7NMM) 

Of the participants in the receiving countries the 
largest number were employed on a part-time basis 

and did not know how much longer they will work, 

one person was unemployed, while one respondent 
was on paid leave due to reduced workload. The 

research shows that the financial position worsened 
for all migrants who returned to the countries of 

origin but with some differences. Namely, for more 

than half of the respondents, it got worse because 
they lost their jobs abroad and were not able to find 

a new job in Serbia and North Macedonia. Out of 
respondents from Serbia who did not return home, 

only one continued to work unhindered. Others 

continued to work with a temporary suspension of 
work, followed by a return to work with a significant 

reduction in earnings and workload.  
Of respondents from North Macedonia, of those 

who did not return to the country, only one lost his 
job, while most of the others who did not lose their 

job have Bulgarian passports. The importance of 

having dual citizenship proved to be essential also 
for respondents who were in the country at the 

beginning of the epidemic. The ability to combine 
working online and in-person, as well as going and 

working temporarily in the destination country 

during and immediately after the first lockdown, 
significantly helped them mitigate the negative 

consequences during the first wave of the pandemic.  
As the main negative consequences of the 

COVID-19 pandemic respondents point to contracts 
terminated before their expiration which resulted in 

an income reduction, temporary work stoppages, 

but also significantly lower workload. However, many 
of them, especially the respondents from Serbia who 

repeated their stay abroad more often, believe that 

regardless of the length of their stay, the time spent 

working temporarily abroad was still financially 

useful to them, because upon their return they had 
the means to live for at least a few months. Those 

who at the time of the interview have not 
experienced more serious deterioration of their 

financial situation are respondents whose spouses 

had permanent employment in the country of origin. 
Young people compensated for their impaired 

financial situation by returning to live with their 
parents.  

“Honestly yes, because I ran out of income. I had 
to go back to my parents and depend on them.” 

(10NMF) 

“I had the right to receive a certain amount of 
money, as a form of severance pay, after 10 years of 

working in the company if I left the job. I was 
counting on it in 2-3 years. Now I don't know what 

will happen.” (9SF) 

Some respondents, especially those employed on 
cruise ships, state that it is very positive that they 

were partially paid during the forced stay on the ship 
in the port, which was often not stipulated in the 

contract. On the other hand, some employers took 
advantage of the situation during the lockdown and 

did not pay full salaries to their employees, and 

other obligations specified in the contract in case of 
isolation, i.e., the full amount of funds received from 

the destination country to help workers.  
Migrants are often overrepresented in sectors 

severely affected by the COVID-19 pandemic crisis 

(Guadagno, 2020; Fasani and Mazza, 2020; OECD, 
2020). Most respondents from Serbia and North 

Macedonia worked in sectors that were initially 
affected by the pandemic, thus putting their workers 

at high risk of unemployment. Namely, about half of 

the respondents in both countries worked in the 
sectors for accommodation and food service 

activities and transportation and storage. As to the 
number of employees, the sector of construction 

follows, mainly due to respondents from Serbia, 
while relatively smaller is the number of employees 

in the manufacturing sector, as well as in the arts, 

entertainment, and recreation sector. Other sectors 
that engaged migrants were activities of households 

as employers, financial and insurance activities, 
information and communication, and human health 

and social work activities . 

“The ship companies will be at a loss in the next 
few years, ...people who worked longer like me, 

that's a solid amount of money that used to come 
to their families every month ... almost all of us lost 

our jobs.” (18SM) 
“My job depends on gathering permits. All the 

areas of importance to me have suffered a lot, 

tourism, catering, air transport.” (4SF) 
“As a result of the COVID pandemic, my job was 

terminated and I could not find a job in sports 
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administration or any other employment with a 

decent income. During the pandemic, domestic 

workers had priority in employment.” (19NMM) 
Migrants, and especially temporary migrants, are 

less covered by social protection, including health 
services, which puts them in a particularly 

vulnerable situation in times of crisis. (OECD, 2020; 

Kluge et al., 2020). Initial research by international 
organisations showed that the receiving countries 

erred in failing to provide adequate health or social 
care to the temporary migrant workers in the first 

months of the pandemic (Moroz et al., 2020; OECD, 
2020). The vast majority (80%) of respondents from 

both countries had health insurance during their stay 

abroad. Most of them were regulated by contracts 
with employers (58%) while a small number of 

respondents provided health insurance 
independently through insurance in the country of 

origin or destination. Few respondents from both 

countries did not have health insurance at all. The 
specificity for Serbia is that travel health insurance 

was paid by every fourth respondent, at least at the 
beginning of the stay in the country of destination. 

One respondent used the services of an international 
agreement on the transfer of insurance from one 

country to another, and pointed out that it took her 

a year to exercise that right as a result of 
complicated procedures. Due to the COVID-19 

pandemic, 36% of all respondents, besides the loss 
of employment, were left without the most 

significant protection in the pandemic, i.e., without 

health insurance (regulated by employment 
contracts). The majority of respondents and mostly 

all respondents who worked illegally stated that so 
far, their health and social insurance was not high on 

the list of priorities, both in the country of origin and 

destination. However, they stated that in the future, 
these categories will have a much more important 

place in planning their work and stay abroad. 
“When I left, I was insured for seven days and I 

made a big mistake there because I was terribly ill. 
If I go to the doctor, I have to pay for everything 

and I have no money. He (the employer, author's 

note) promised everything but did not fulfil it.” 
(14SM) 

The influence of the pandemic on the migrants’ 
employment implicates a decrease in remittances 

from abroad (WB, 2020b). The largest number of 

respondents from Serbia (90%) and North 
Macedonia (55%) stated that in certain ways they 

were bringing the money to the country of origin 
either on accounts, in cash or by sending 

remittances. One-third of all respondents that send 
remittances stated that they send remittances 

through the banking system and other official 

channels. Sometimes respondents combine ways of 
sending remittances, which means that they use 

official channels only occasionally for birthdays and 

holidays or if it is necessary or urgent to send 

money to their families.  

“From time to time. Sometimes I send, 
sometimes I send only half, or I wait to collect a 

larger amount. I have mostly sent by Western 
Union, but they have a high commission, so I only 

send when it’s urgent.” (8SF) 

“I have not sent so far, I worked only for myself, 
and when in Serbia, I live with my parents. Why give 

almost 10% of the entire salary on commission to 
the bank. They take a lot!” (SM29) 

Among respondents from Serbia who stated that 
they do not send remittances are two young 

migrants who are abroad for a short time, where 

their earnings are not the main motive for leaving 
and their parents sometimes supplement their 

budget. It should be underlined that respondents 
from North Macedonia who said that they did not 

send remittances,  but who lost their jobs due to the 

pandemic, brought their savings when they returned 
to the country of origin.  

Most of the returned respondents in Serbia 
(90%) and North Macedonia (about 70%) stated 

that they would definitely return to work abroad if 
they would have the opportunity to find a job or if 

their existing employment contracts were extended. 

However, research findings have shown that for the 
vast majority of respondents who have returned to 

the country, going abroad again and resuming 
working circular practices is not feasible for the time 

being. 

The re-talk with the migrants by the end of 2020 
aiming to capture the change of their status over 

time, showed that the current employment status of 
the Serbian and North Macedonian respondents is 

diversified. For only 30% and 45% of them 

respectively it is the same as it was during the first 
interviews, meaning that they have a temporary 

employment contract abroad or continued their 
circular migration work practice. In both countries, 

about a quarter of respondents reported being 
unemployed in the country of origin, while the share 

of respondents who work after returning to the 

country of origin is 45% for Serbia and 25% for 
North Macedonia. The largest share of the employed 

are informally employed and they perform similar 
jobs that they used to do abroad. The re-contact 

with the nurse, the caregivers, construction worker 

and the truck drivers interviewed (11 respondents) 
confirmed that they were still working in the country 

of destination (four respondents) or continued their 
circular migration practice (seven respondents). 

Conclusion 

Temporary and circular labour migration schemes 
of migrants from Serbia and Northern Macedonia are 

largely directed towards EU countries. The countries 
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of origin analysed are geographically close to them, 

well-connected by traffic, and since 2010 there has 

been a visa-free regime for short visits (business or 
tourist), which facilitated the establishment of short-

term circular migration practices. In this way, the 
dimension of temporariness, as stated by Fasani and 

Mazza (2020), proved to be important also in the 

case of circular labour migrants from Serbia and 
North Macedonia. The impact of the COVID-19 

pandemic on the labour market position of the 
largest number of circular labour migrant 

respondents from Serbia and North Macedonia is felt 
in terms of terminated employment contracts, 

reduced number of working hours and reduced 

earnings due to limited economic activity in the 
sector. It is a consequence of their type of stay in 

the destination country, predominant short-term 
employment, i.e., work engagement, and at the 

same time, of the prevalent involvement of migrants 

in the sectors where they are usually employed, as 
well as the strong impact of the COVID 19 

pandemic. The socio-economic consequences of the 
COVID-19 pandemic, which deepened their 

vulnerable position in the destination countries, 
caused the return of the majority of respondents to 

their countries of origin. Very few respondents 

managed to find formal employment in their country 
of origin upon return, and they mostly have 

occasional jobs in the grey economy, which 
significantly affects the growth of economic 

uncertainty. This also contributed to a further 

increase in distrust of labour market intermediary 
institutions and pessimism about the possibility of 

finding legal employment in the country of origin. As 
a result of the pandemic, only one in ten 

respondents did not change their employment status 

in the destination country. Migrants’ job losses have 
negatively affected the flow of remittances, 

indicating that the consequences of the pandemic 
have a significant negative impact not only on 

migrants, but also on household members in the 
country of origin, who rely heavily on remittances. 

The outbreak of the COVID-19 pandemic has 

affected a significant number, especially migrants 
with unregulated status, to realise that health and 

social care were not a priority in their choice of work 
abroad and that they should pay more attention to 

health care and living condition while staying 

abroad.  
Possession of passports of some of the countries 

of destination proved to be a security factor for 
migrants in crisis situations as respondents from 

both analysed countries pointed out that dual 
citizenship significantly helped them cope with 

sudden job loss and other negative situations during 

the first wave of the pandemic. Research shows that 
for key workers, such as caregivers, nurses, and 

drivers, the chances of keeping jobs or of getting job 

abroad again at the time of the pandemic were 

significant, even in informal employment.  

Given the results of the research, as well as the 
significant need for temporary and seasonal workers 

in EU, for the Western Balkan countries, as 
emigration areas, it is important to develop 

temporary labour migration programmes in 

cooperation with destination countries. That will also 
provide stimulation for a wider representation of 

circular migration, which would be sustainable even 
in times of sudden changes such as the one caused 

by COVID-19. Great efforts are also needed to 
improve the rights of temporary migrant workers, as 

well as to combat fraud throughout the recruitment 

process. In this sense, providing clear and accessible 
information to migrants on the possibilities of legal 

migration, other legal, social and health issues, 
including their protection and rights is extremely 

important. It is also necessary to work on 

sustainable bilateral agreements, as well as on 
reintegration in the countries of origin. In this way, 

temporary labour migrants would be provided with 
greater access to affordable social welfare benefits, 

pensions, health insurance, etc. It would also allow 
for an optimal length of stay abroad, so that 

migrants would be able to acquire and improve their 

skills or save enough money before returning to 
their country of origin.  

The prolonged pandemic will almost certainly 
reshape international labour migration flows, 

particularly temporary and circular ones. It imposes 

the need to monitor its impacts on certain categories 
of migrants. The lack of a reliable and regular 

system for monitoring migration flows, the 
unavailability of data on the scope and 

characteristics, but also the impact of migration from 

the Western Balkan countries are the main 
challenges that hinder the formulation of indicators 

for monitoring temporary and circular migration, 
being reviewed in North Macedonia and in the 

process of defining in the Draft Action Plan of the 
Economic Migration Strategy 2021-2027 in Serbia. 

The main conclusion is that the outbreak of the 

COVID-19 pandemic and its consequences have 
both short-term and long-term effects on 

international temporary and circular labour 
migration, and that the continuation of the current 

migration practices has been called into question. 

Consequently, there is a strong need to improve the 
governance of circular migration and find new 

effective ways to address the challenges of 
temporary and circular labour migration. Therefore, 

we suggest future studies to address the same 
research problem in a different spatial/geographical 

and societal context, thus providing insights and 

research evidence to influence the formulation of a 
proactive policy in the field of temporary and circular 

labour migration. 
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Abstract 

Thermal power plants currently contribute significantly to global 
energy production. However, they cause a series of environmental 
conflicts through pollution and environmental degradation 
processes. In this context, people, as well as a number of 
environmental organisations, NGOs, and mainly the media play an 
important role in managing these conflicts. In this study, we aimed 
to analyse how the media can contribute to the management of 
environmental conflicts generated by the Rovinari thermal power 
plant in Gorj County, Romania. Its impact is highly visible in the 
village of Rogojel (Farcăşeşti township), which is located in the 
immediate vicinity of the thermal power plant, owing to the noise 
produced by the conveyor belts and excavators, as well as the air 
pollution generated by the coal dust. Residents have submitted a 
series of complaints to the Environmental Guard, the Government, 
and the European Commission. As a method of investigating the 
situation, both local and national media, which have become a 
real agora where citizens express their dissatisfaction were 
chosen. Ziare.com was chosen as a news archive, where 20 
volunteers read 24 news articles. When asked if the article reflects 
concerns regarding the environment, a total of 276 affirmative 
answers were obtained. In addition, when volunteers were asked 
how much violence and tension does the article convey, a total of 
136 responses were obtained for maximum violence and 160 for 
high violence. The Cronbach Alpha index had values of 0.73 and 
0.66 in the first and second cases, respectively. The articles and 
strong words of the volunteers were analysed using NVivo 
software to calculate their frequency and the degree of correct 
results. Currently, the situation is still open to debate, beyond the 
unlikely solution of relocating the entire locality or closing the 
thermal power plant. 

Keywords: Rovinari thermal power plant, environmental 
conflicts, violence, management, media, NVivo software 

Rezumat. Rolul mass-media în gestionarea 
conflictelor de mediu în zona Termocentralei 
Rovinari, Judeţul Gorj, România. 

Centralele termice contribuie în mod semnificativ la producția 
globală de energie. Cu toate acestea, ele provoacă o serie de 
conflicte de mediu prin procesele de poluare și degradare a 
mediului. În acest context, oamenii, precum și o serie de 
organizații de mediu, ONG-uri și, în principal, mass-media joacă 
un rol important în gestionarea acestor conflicte. În acest studiu, 
ne-am propus să analizăm modul în care mass-media poate 
contribui la gestionarea conflictelor de mediu generate de centrala 
termică Rovinari din județul Gorj, România. Impactul său este 
foarte vizibil în satul Rogojel (comuna Farcășești), care se află în 
imediata apropiere a centralei termice, datorită zgomotului produs 
de benzile transportoare și excavatoare, precum și de poluarea 
aerului generată de cărbune şi praf. Locuitorii au depus o serie de 
reclamații la Garda de Mediu, Guvern și Comisia Europeană. Ca 
metodă de investigare a situației, a fost aleasă mass-media locală 
și națională, care a devenit o adevărată agora în care cetățenii își 
exprimă nemulțumirea. Ziare.com a fost aleasă ca arhivă de știri, 
unde 20 de voluntari au citit 24 de articole de știri. Când au fost 
întrebaţi dacă articolul reflectă preocupări cu privire la mediu, a 
fost obținut un total de 276 de răspunsuri afirmative. În plus, când 
voluntarii au fost întrebați câtă violență și tensiune transmite 
articolul, a fost obținut un total de 136 de răspunsuri pentru 
violență maximă și 160 pentru violență ridicată. Indicele Cronbach 
Alpha a avut valori de 0,73 și 0,66 în primul și respectiv al doilea 
caz. Articolele și cuvintele puternice ale voluntarilor au fost 
analizate folosind software-ul NVivo pentru a le calcula frecvența 
și gradul de rezultate corecte. În prezent, situația este încă 
deschisă dezbaterii, dincolo de soluția improbabilă a relocării 
întregii localități sau închiderii centralei termice. 

Cuvinte-cheie: Centrala termică Rovinari, conflicte de 
mediu, violență, management, mass-media, soft-ul NVivo 

 

Introduction 

Environmental conflicts are an important area of 

study in today's society, and managing them is 
difficult because the quality of life depends on it. 

Environmental conflict management aims to improve 
the interrelationship between people and the 

environment by focusing on natural and human 

health (Boyle, 2021; Gâștescu, 2001; Jardine et al., 
2003). The environmental management agenda 

includes sets of actions and systems for reflection, 
guidance, negotiation, and participation (Keen et al., 

2012; Sidaway, 2005). Environmental conflicts are 

generally complex and highly polarised, with public 

administration tending to focus on rules, roles, and 
responsibilities, and the public reacting to conflicts 

from a variety of perspectives and circumstances 
(Bădilă et al., 2007, p. 3).  

Environmental conflict management refers to a 

series of interventions to solve the problem of the 
actors involved and to transform their dissatisfaction 

into a relationship of cooperation and sustainable 
ecological improvement (Mason & Spillmann, 2003). 

Determining the causes of a conflict depends on the 

ability of the parties to communicate and how the 
actors perceive the dispute. Article 33 of the Charter 
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of the United Nations states that the parties to any 

dispute must first seek a solution through negotiation, 

investigation, mediation, conciliation, arbitration, 
legal settlement, recourse to regional agencies or 

commitments, or other peaceful means of their own 
choice (quoted by Muigua, 2012, p. 58). 

Alternative tools to resolve environmental conflicts 

in Central and Eastern European countries are not 
well known (Jonavicius, 2008; Taggart & Szczerbiak, 

2004). Classic administrative and legal procedures are 
widely used; however, experts are limited, and there 

are few institutions specialising in mediating 
environmental conflicts. In Germany and Austria, 

mediation was used in the 1990s for waste 

management, and is now being used in urban 
planning, spatial planning, and traffic (Linnerooth, 

1990; Troja, 2000). 
In Romania, Law no. 192/2006, regulating 

mediation is applied in an awkward and truncated 

manner. The causes of environmental conflicts in 
Romania are diverse and these include air and noise 

pollution generated by economic agents, construction 
on green spaces, location of landfills, unauthorised 

activities of economic agents, polluting industrial 
capacities, construction of highways, deforestation 

for the extension of residential spaces, and requests 

to claim some lands from parks (Ianoș et al., 2017; 
Niță & Iojă, 2020). Environmental conflict 

management in Romania resides in court actions, 
organising public debates, movement of authorities 

on the ground, addresses, hearings, complaints, fines 

and sanctions, decisions of the local council, sending 
alerts to those who violate environmental legislation. 

Alternative techniques to resolve environmental 
conflicts are usually multiple: facilitation, moderation, 

socio-therapeutic consultation, conciliation, 

mediation, arbitration, adjudication, and negotiation 
(Andrew, 2001; Sipe & Stifel, 1995; Wiedemann & 

Femers, 1993; Wehrmann, 2008). 
Although mediation is in line with the European 

trend, it applies very little in the Rovinari coal basin. 
Even though an environmental mediation office is 

rarely used, mediation remains a desirable technique 

to manage environmental conflicts. In the study area, 
the role of the mediator is held by the media, which 

considers the pulse of events and finds solutions for 
conflict management. If mediation is not applied 

consistently, negotiation remains the classic 

technique used to resolve environmental conflicts 
such as those in the Rovinari coal basin, which is 

rooted in the collective mind, which must be followed 
by immediate benefits for the parties to the conflict. 

Public debates such as formal and mandatory by law 
(public information, hearings, and referendums), as 

well as informal and voluntary (round tables, planning 

groups, and public debates) also play an important 

role in the management of environmental conflicts 

(Rouhana, 2000; Turnock, 2003). This form of 

environmental conflict management, although in its 
infancy in the Rovinari Basin, aims to bring the same 

table the actors involved in the conflict, can bring 
creative solutions, stimulate dialogue, and provide the 

citizen the feeling that it is an active and important 

part of conflict. 
In Romania, a series of environmental conflicts 

were highly publicised at the national level and these 
include the explosion in Mihăileşti (2004), the 

aldehyde factory in Sebeş (2013), the cyanide spill in 
Timiş (2000), the Copşa Mică case (2003), and the 

closure of the Arpechim factory. The Roşia Montană 

cyanide mining project and shale gas exploitation in 
Vaslui County are included in the World Atlas of 

Environmental Conflicts, conducted within the 
European EJOLD project. 

In this context, the objectives of this study are to: 

(i) highlight the environmental conflicts generated by 
the Rovinari thermal power plant, (ii) present 

alternative techniques to resolve environmental 
conflicts, and (iii) highlight the role of mass media in 

managing environmental conflicts in the village of 
Rogojel. 

Study area 

By Government Decision no. 258 dated 13 

February, 1968, the decision was made to build the 
Rovinari thermal power plant, whose first block was 

put into operation in 1972, with a capacity of 2000 
MW (Pasere, 2014). CE Rovinari produces electricity 

based on lignite and was established on April 1 2004 

by merging the Rovinari power plant (part of 
Termoelectrica) with the Rovinari, Tismana, and 

Pinoasa mines, which had previously been owned by 
SNLO. The Rovinari thermal power plant consists of 

energy blocks no. 3, 4, 5, and 6, which were put into 

operation between 1972 and 1979, with an installed 
capacity of 1720 MW, which is also one of the largest 

polluters in the country (Anghelescu & Diaconu, 
2012; Bălăceanu & Dumitru, 2011; Bălăceanu, 2013; 

Bîzgă et al., 2009; Maxim, 2009). 
The Rovinari thermal power plant is located in the 

town of Rovinari, in a depression area of Jiu, which 

borders on the east with Bran Hill, on the west with 
Măgeac and Lupului hills, on the north with Târgu-Jiu-

Câmpu Mare Depression, and on the south with Jiu 
Meadow (Figure 1). 

 

Data and methods 

To achieve the objectives of this study, qualitative 
and quantitative analysis methods were used.
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Fig. 1: Location of the Rovinari thermal power plant area 

 

Thus, the media, as a method of quantitative 
analysis, has evolved since the 1960s into an 

instrument of presentation and public debate on 
environmental issues (Hansen, 2011), a media arena 

free of external constraints with a mediation function 

associated with specific interests (Croteau & Hoynes, 
2001). The role of the media is essential in public 

disputes as it influences the attention paid to certain 
issues or people leading to the formation of an 

opinion (Sobczyk & Badera, 2013; Steffek, 2009), 
attempts to improve the understanding of human-

environment interactions (Taylor et al., 2000), helps 

citizens to defend and promote their opinions and 
reach a consensus with stakeholders, to alleviate the 

problems (Luedeckem & Boykoff, 2017; Zalupca, 
2016).  

Through different sources of information, which is 

sometimes used selectively and through active way of 
presentation, the media can influence the final result 

of the conflict (Sobczyk & Badera, 2013; Taylor et al., 
2000). Nowadays, in modern societies, the mass 

media has a central interpretative system (Peters & 
Heinrichs, 2005, p. 2). In this study of a thermal 

power plant located in a mining area, the interested 

parties are represented by local authorities, NGOs, 
the local community, and individual citizens (Sobczyk 

& Badera, 2013).  

Geographers have recently used newspapers to 
study various phenomena, such as food consumption 

practices (Valentine, 1999), cases of violence (Meth, 
2003), the New Age spirit (Holloway, 2003), 

relationship between fishermen and wildlife in 

Zimbabwe (McGregor, 2005, 2006), childhood in rural 
Bolivia (Punch, 2001), and the lives of homeless 

people (Johnsen et. al., 2008). Journals involve a 
broad set of research techniques (McGregor, 2006), 

which are based on interviews, in-depth observations, 
and reflection embedded in the Western tradition. 

Research generated by the investigation of 

newspapers on the Internet has been considered as 
a new methodological frontier, because it contributes 

to data collection, survey-based research (Vehovar & 
Lozar-Manfreda, 2008), and the dissemination and 

implementation of research projects (Kagawa, 2007; 

Madge et. al., 2009; Parr, 2002). Some authors (Best 
& Krueger, 2004) consider that the Internet should be 

used with discernment, because it is too easy, cheap, 
and does not equate to quality research. Therefore, 

mixed research (online and on-site) is recommended 
to ensure credibility of the data (Madge & O’Connor, 

2002). 

In this regard, the radio articles, TV, and written 
journals relevant for each case study were analysed, 

from the moment of the onset of environmental 
conflicts and until their completion. We grouped the 
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articles in the media according to the event 

presented. This study was supported by 20 volunteers 

(10 pupils and 10 students) who read the articles 
independently.  

Using Schmidt et al. methodology (2013), two 
major questions were posed to highlight the media 

attention: the article reflects care for the environment 

and how much violence does the article report? For 
the first question, we used Boolean answers 

(true/false), quantified by 1 and 0 (1 for Yes and 0 for 
No). To highlight the level of violence in the article, 

the answers to the second question were quantified 
on a Likert scale, which has five possibilities (1: very 

high violence, 2: high violence, 3: medium violence, 

4: low violence, and 5: very little or no violence). The 
respondents were also asked to identify strong words 

that reflected violence, dissatisfaction, and conflict. 
Ziare.com was chosen as a news archive because 

it reports both the county and national news and the 

information is conveyed through publications, 
websites, radio, and TV. The variables were the name 

of the newspaper, name of the article, date of 
publication, type of publication (national or local), 

degree of environmental support, and the level of 
violence experienced. The variables were introduced 

in Excel spreadsheets to easily calculate how articles 

that report an event from the unfolding of the 
environmental conflict affect the public. 

To ensure the accuracy of the data collected from 
the volunteers involved in the study, the Cronbach’s 

alpha index was calculated, based on the model 

proposed by L’Engle et al. (2006), which also analysed 

the influence of the media on young people. In 
addition to this method, we also followed the 

procedure proposed by Clifford et al. (2008), who 
used QSR N4 to decontextualize the correspondence 

he wore with women in the ex-GDR, in connection 

with the experience of communism. 
Given that certain words and formulas found in 

journals are repeated at a certain frequency, NVivo 
software was qualitatively used to record, encode, 

and interpret them. Thus, we introduced the analysed 
articles, NVivo (Paulus et al., 2015; Woods et al., 

2016) as well as the strong words proposed by the 

volunteers. Their frequency was calculated to check 
if this study achieved the correct results. 

Results 

The Rovinari thermal power plant is one of the 
largest electricity in Romania as it generates pollution 

and has provoked several environmental conflicts 

between various institutions and environmental 
organisations. The impact of this thermal power plant 

is particularly high in the village of Rogojel (Fărcăşeşti 
township), which is located near the energy unit and 

is surrounded by excavators and piles of coal (Figure 
2). 

 

Fig. 2: Aspects of the environmental conflict in the vicinity of the Rovinari thermal power plant 

are Rogojel Church (a,), Rogojel Kindergarten (b.), house threatened by the presence of a 

mining machine (c.), and sound-absorbing fences (d.)

The people living around this power plant have to 
endure the noise produced by thermal power plants, 

conveyor belts, excavators, and coal dust carried by 

the wind. Measurements made by independent 
ecologists and the Environmental Protection Agency 

showed that the noise level exceeds 75 dB, above the 
allowable value of 65 dB, according to STAS 

10009/1998. Although the inhabitants have 
submitted complaints to the Environmental Guard, 

the Government, and the European Commission, their 

situation remains uncertain. The solution to the 
problem is to relocate the entire locality or close the 

thermal power plant. The relocation process is 
difficult because of financial resources and property 

disputes. The lack of vision of the local authorities 

also lies in the location of a kindergarten near the 
thermal power plant, for the children of the colony, 

built with European funds and which will be put into 
operation soon. This highlights the inability of local 

authorities to create sustainable development 
projects in this area. The Rovinari thermal power 

plant contributed to the economic development of the 

area, but severely degraded the environment (Figure 
3). 
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Fig. 3:  Specific elements of the environmental conflict related to the impact of the  

Rovinari thermal power plant

 

Environmental conflicts in this area began to arise, 

especially after the year 2000, when NGOs appeared 
as they focus on changing the attitudes and 

behaviours of individuals to protect the environment 
and promote peace. The public utility of associations 

and foundations in Romania was regulated by the 
Government Ordinance of 26 December 2000 

supplemented by Law 246 of 2005. The capitalist 

mentality and openness to the West helped in the 
emergence of NGOs, which emerged either from 

simple volunteer actions or because of the 
connections of some Romanian politicians with 

international ecological organisations. The most 

active environmental NGO in Romania is Greenpeace, 
and it has branches in 55 countries. In Romania, 

Greenpeace began its work in 2007 and launched 
various campaigns or organised various protests to 

stop environmental exploitation. This NGO promotes 
green energy and advocates for the closure of 

thermal power plants, Europe's major polluters, which 

are responsible for global warming. In this theorised 
conflict, various actors with different interests are 

caught, such as CEOs (polluters), who have financial 
interests, NGOs (which seek environmental 

protection), as well as the population, which have an 

oscillating position, is divided, misinformed, 

manipulated, and dominated by outdated prejudices. 

In this context, environmental conflict was 
continuously reported between 2010 and 2019 and 

comprised several phases. The latent phase (2010-
2011), when the conflict took shape and when a 

series of groping between the parties appeared, 
mirrored by the media. Communication distortions 

were caused by various interests. The major cause of 

the conflict was not only the protection of the 
environment and the population, but also the 

imposition of an ecological current. The conflict in 
2012 was escalated with violent nuances when 20 

Greenpeace activists climbed the cooling tower of the 

Rovinari thermal power plant and displayed banners 
with messages, such as “STOP CO2! and STOP THE 

POLLUTION!”. The protesters were dealt with harshly, 
and 12 of them were arrested and fined. Such events 

were reported and influenced by the media, which 
became important in the development and resolution 

of the conflict (Table 1). The active phase of the 

conflict spanned between 2014 and 2019 and was 
characterised by contradictory speeches, mirrored by 

the media, and was called for legislation and public 
consultations (Table 2). 

Table 1 Involvement of the media in the environmental conflict that broke out at the Rovinari 

thermal power plant in 2012 

Nr. 

crt. 

Article title Source Date 

1 Greenpeace protest at CE Rovinari Gazeta de Sud 6.04.2012 

2 Unprecedented protest by Greenpeace activists climbing a 

cooling tower of the Rovinari Complex 

Știrile Pro Tv 6.04.2012 

3 Greenpeace protest at the Rovinari Complex Gazeta de dimineata 6.04.2012 
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4 Greenpeace activists arrested in Rovinari after a protest 

against pollution 

Agenția independentă de 

presă Amos News 

6.04.2012 

5 A group of German activists protested on a cooling tower of 

the Rovinari thermal power plant 

Libertatea 6.04.2012 

6 Green protest at the Rovinari Energy Complex Antena 1 6.04.2012 

7 Greenpeace protest at 100 m height, in Rovinari Romania TV 6.04.2012 

8 Greenpeace protesters boarded the Rovinari Thermal Power 

Plant 

Antena 3 6.04.2012 

ziare.com(source: ziare.com)  

Table 2 Involvement of the media in the development of environmental conflict (2014-2019) 

Nr. 

crt. 

Article title Source Date Remarks 

1.  Rovinari, the capital of pol-

lution in Europe 

Pro Tv 21.03.20

14 

Greenpeace activists have taken measure-

ments near the thermal power plant, and the dust 

level exceeds the allowed value 

2.  Greenpeace has equipped 

the Rovinari School with solar 

panels 

Nonguver-

namental 

27.07.20

15 

 

3.  Greenpeace measures the 

pollution produced at the 

Rovinari thermal power plant 

www.ecoma

gazin.ro 

20.03.20

14 

 

4.  Greenpeace launches the 

green energy project for a clean 

future at General School No. 1 

Rovinari 

Radio 

România  

01.07.20

15 

There were 40 panels (250w each), which 

provide 25% of the school's energy needs; 

The financing perspectives for such a project 

were presented 

5.  The story of the photovoltaic 

panels from Rovinari 

Press release 

Greenpeace 

23.07.20

15 

 

6.  Greenpeace Romania and 

Client Earth request the cancel-

lation of the environmental per-

mit for the Rovinari thermal 

power plant 

Hotnews 31.08.20

19 

The thermal power plant does not comply 

with the new European anti-pollution laws. 

An administrative appeal was filed 

7.  Greenpeace requests the can-

cellation of the operating license 

for the Rovinari thermal power 

plant. First at APM Gorj, then at 

the Tribunal 

Energia.ro 31.10.20

18 

The UN Global Warming Report PPCC (In-

tergovernmental Panel on Climate Change) has 

confirmed that Europe needs an energy system 

that completely excludes fossil fuels by 2030 

8.  The environmental permit of 

the Rovinari thermal power 

plant, contested by Greenpeace 

Bursa.ro 01.11.20

19 

 

9.  CEO rejects allegations 

made by Greenpeace 

Bursa.ro 2.11.201

9 

The thermal power plant operates in optimal 

parameters 

Public opinion should also consider some as-

pects of the impact of green energy on human 

health (impact on neighboring habitats, large 

amounts of CO2 in the production of solar panels) 

10.  CEO's response for Green-

peace environmentalists who 

want to shut down Rovinari ther-

mal power plant 

Econom-

ica.net 

Novem-

ber 2018 

Rovinari is not in the top 30 thermal power 

plants with the highest risk; 

In 2015 there were 3 cases of occupational 

diseases at the Rovinari thermal power plant; 

Public Health District Authority Gorj rec-

orded 60 deaths in Rovinari 

11.  Greenpeace is trying to re-

voke the operating license for 

the Rovinari thermal power 

plant 

Press release 1.11.201

8 

The thermal power plant does not comply 

with the new European anti-pollution laws; 

The new authorization was granted in Sep-

tember 2018 and allows the thermal power plant 

to operate for an indefinite period; 

The thermal power plant is upstream of an 

EU nature protection site, the Jiu corridor 

Mercury is discharged upstream of the 

Natura 2000 site; 
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12.  Greenpeace and Client Earth 

have sued the Rovinari Thermal 

Power Plant 

Ziare.com 6.06.201

9 

The thermal power plant has been granted 

the environmental permit for life, without as-

sessing the impact it has on people and the envi-

ronment. 

13.  The most polluting thermal 

power plant in Rovinari is being 

challenged in court due to the 

pollution 

Știri.ong 7.06.201

9 

 

14.  CEO contradicts Green-

peace regarding the Rovinari 

thermal power plant 

Gazeta de 

Sud 

10.06.20

19 

The investments have been made to remove 

pollution (modernization of electrofilters, imple-

mentation of facilities to reduce SO2 and NOx 

emissions, dense sludge and ash disposal, eco-

logical reconstruction by returning the affected 

land to the agricultural and forestry circuit). 

15.  Greenpeace has sued the 

Rovinari thermal power plant 

Reali-

tatea.net 

7.06.201

9 

 

16.  Greenpeace has sued the 

Rovinari thermal power plant for 

its impact on the environment 

Digi FM 6.06.201

9 

 

17.  Greenpeace has sued the 

Rovinari thermal power plant 

Pandurul 29.07.20

19 

 

18.  Greenpeace has sued the 

Rovinari thermal power plant 

Evenimen-

tul 

29.07.20

19 

 

19.  Greenpeace has sued the 

Rovinari thermal power plant 

Ziua.news 6.06.201

9 

 

(source: ziare.com) 

To all these accusations, the CEO responded by 

exemplifying the investments and projects conducted 

to combat environmental degradation (Table 3).  
Although thermal power plants started several 

projects to combat air and noise pollution 

(desulphurisation plants, removal of ash and slag in 

dense sludge, and sound-absorbing panels), they are 

still insufficient and sometimes inefficient in 
combating pollution.

Table 3 Investments and environmental projects conducted by the Rovinari thermal power 

plant 

Nr. crt.  Investments and environmental projects conducted by 

the Rovinari thermal power plant 

Impact  Related legislation 

1.  Desulphurisation plant implementation projects: 

Energy group no. 3, functional since 2011 

Energy group no. 6, functional since 2011 

Energy group no. 4, functional since 2014 

Reduction of sulfur oxide con-

centration to 600 mg/Nmc, be-

low the limit allowed by current 

standards, respectively below 

200 mg/Nmc 

Law no. 278/2013, on industrial 

emissions; 

Water Law no. 107/1996 

Law no. 278/2013, regarding in-

dustrial emissions 

Law no. 211/2011, regarding the 

waste regime 

 

 

- to comply with Directive 

1999/31 / EC on the landfill of 

waste, the technology for the dis-

posal of dense sludge, SE of 

Rovinari, Gârla landfill, is used 

2.  Projects for the implementation of detoxification in-

stallations 

Energy group no. 6, functional since 2018 

Reducing the concentration of 

nitrogen oxides from 500 mg / 

Nmc, below the limit allowed by 

current standards, below 200 

mg/Nmc. 

3.  Slag and ash evacuation projects in dense sludge, en-

ergy groups 3,4,5,6 

functional since 2010 

the evacuation of slag and ash in dense self-hardening 

sludge is achieved by a maximum optimal ratio of liq-

uid-solid mixture = 1/1 

- the ash is no longer blown away 

by the wind and is deposited 

- the stability of the deposit in-

creases 

- infiltration water is no longer 

polluted and is reduced in quan-

tity 

4.  Noise reduction projects Noise attenuators were installed 

at the exhausts of the starting 

ejectors and at the SE of Rovinari 

sound-absorbing panels were in-

stalled 

5.  Projects aimed at urea injection at Energy Group no. 6 

(2012-2018) 

Reduction of NOx emissions at 

SE de Rovinari 
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(source: CEO) 

A conclusive example is the village of Rogojel, 

where a plexiglass fence was built, with a height of 3-
5 m and a length of 670 m, which failed to combat 

the noise produced by desulphurization plants, which 
are over 120 m. 

The last phase is the decision-making and 

balancing power in favour of the winner. This conflict 
related to the impact of the thermal power plant is an 

open conflict, which can have the following solutions: 
legal (sanctions given to those who caused 

environmental damage), spatial, and physical 
(fences, other spatial delimitations, or 

implementation of new technologies to reduce 

pollution). The major risk is that this conflict deepens 
because of multiple actors, who have various 

interests. The probable finality of the conflict can be 
win-loss, the winning factor being the CEO, who is 

supported by the state, a part of the population, or 

by the media. Another possible scenario is loss-loss, 
which is particularly rigid, based on prejudices and 

heterogeneous mentalities (economic development 
versus environmental protection), the actors involved 

not being open to a transparent dialogue. The 
possible loser is the CEO, who delays the 

compensatory measures for those affected by 

pollution and investments in non-polluting 

technologies, as well as the population that remains 

a prisoner in this toxic environment. However, the 
solution remains the legal one, and documentation 

that must be submitted by those in dispute is 
cumbersome and sometimes lacks objectivity. 

From the 24 published articles, the main events of 

environmental conflict were highlighted (Table 4). It 
can be observed from the table that articles 

presenting Greenpeace actions have a much higher 
visibility at the national level (20) compared to those 

at the local level (3). The articles at the national level 
show a special concern for the environment and for 

finding solutions, because the average at the national 

level (0.74) is much higher than that at the local level 
(0.25). Regarding the variable violence, it is observed 

that the same trend, articles published at the national 
level are more virulent when they show 

environmental slippages (average 3.36), compared to 

articles at the local level, which are much more 
temperate, in the presentation of the environmental 

conflict (average 0.8). The distribution of the answers 
to the two questions is shown in Figure 4, which 

shows the total number of answers and the share of 
each category of respondents to the two questions 

asked. 

Table 4 Variables of the environmental conflict at the Rovinari thermal power plant 

Event Total 

number of ar-

ticles 

Local 

media 

Adherence to the 

environment (national) 

Adherence to 

the environment 

(local) 

Violence 

(national) 

Violence 

(local) 

Greenpeace protest 8 1 0.43 0 1.73 1 

Greenpeace exposes 

excessive pollution 

2 0 1 0 4.7 0 

Donation of photo-

voltaic panels to the 

General School Nr. 1 

Rovinari 

3 0 1 0 4.67 0 

Contesting the envi-

ronmental permit 

11 2 0.53 1 2.34 2.2 

Arithmetic mean   0.74 0.25 3.36 0.8 

 

 

Fig. 4: The distribution of the answers 
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To reflect the concern for the environment, a total 

of 24 articles were read and 480 answers were 

obtained from 20 volunteers, of which 276 were 
affirmative answers and 204 were negative answers. 

To highlight the level of violence (tension, irascibility) 
that the volunteers felt, 136 responses were for 

maximum violence, 160 for high violence, and 80 for 

very low violence or nonviolence. For this set of 
answers, the Cronbach Alpha index was 0.73 and 

0.66, respectively. Although it does not exceed 0.80, 
the index must be accepted because respondents had 

stated difficulties in locating workers either on the 
CEO's side or on the environmental side. 

Discussion 

In the past two decades, Romania, similar to most 

Eastern European countries, has gone through a 
process of deindustrialization (Bănică et al., 2017; 

Berger & Wicke, 2017; Popescu, 2014). Because a 
number of industrial units have closed, 

unemployment has risen significantly (Voinea et. al., 

2010). Therefore, a reindustrialisation process and a 
coherent industrial policy are required. The CEO and 

the state must give up the slogans, such as “Coal 
keeps jobs!“. Coal ensures the energy security of the 

country!”. Assessments of social vulnerability are 
required for the mines in the Rovinari basin and 

thermal power plant, in conjunction with the start of 

a coal-free development process, which considers 
economic development, infrastructure, education, 

and social and public policies (Kideckel, 2008). EU 
funds could support mining communities and do not 

support the mining industry. Simultaneously, there is 

a need for public involvement in decision making 
(Voinea et al., 2010). 

The industrial situation in the Rovinari coal basin 
is a special one, which makes a discordant note with 

the national trend. If most areas of the country are 

facing the process of deindustrialisation (Jucu & 
Voiculescu, 2020; Voiculescu & Jucu, 2016) and the 

emergence of industrial ruins (Chelcea, 2008; Puşcă, 
2010) in this coal basin, then we can speak of a real 

reindustrialisation. A conclusive example is the 
construction of a new energy group in 2013, with a 

capacity of 600 MW, by the China Huadian Group, 

which will provide 600 jobs (Tzelepi et al., 2020). This 
project will be implemented in an area where there 

are two decommissioned energy groups built 
between 1972-1973 and negotiations began in 2012 

and were interrupted in 2016, resuming in 2019, as 

the Chinese demanded a state guarantee. This 
investment is to be completed by 2026 and is included 

in Romania's energy strategy (2019-2030). It is a 
brownfield project, based on supercritical technology, 

the third global trend in terms of age (use of gas 
turbines and combined gas-steam cycles), which 

reduces the amount of carbon dioxide and can use 

diversified energy sources (Burnete, 2012). This 

project contradicts the European energy vision. The 

global trend is to give up coal owing to carbon dioxide 
and greenhouse gas emissions, and to make 

extensive use of green energy. 
The Rovinari thermal power plant has a high 

pollution capacity (Istrate & Bănică, 2016; Rosen et 

al., 2015), being on the list of the most polluting 108 
installations (Wynn & Coghe, 2017). Europe Beyond 

Coal shows that the Rovinari thermal power plant is 
the 28th thermal power plant in the  EU, with a CO2 

emission of 5.191 million tons in 2018. In fact, 
Böhringer & Rosendahl (2020) state that Romania, 

Poland, and Bulgaria are among the few EU countries 

that have not communicated their plans to eliminate 
coal. Simultaneously, the Alliance for Health and the 

Environment (HEAL) produced a report called The 
Unpaid Health Bill. How coal power plants make us 

sick (2013). How coal power plants make us sick, in 

which scientific evidence related to the impact of 
thermal power plants on health is presented. Thermal 

power plants and coal mining areas emit suspended 
dust, SO2, NOx, heavy metals, mercury, and 

persistent organic pollutants (dioxin), which affect the 
health of the population (Tang et al., 2017; Tiwari et 

al., 2019). At Rovinari, the worst forms of pollution 

are those with heavy metals (Bălăceanu et al., 2011; 
Bălăceanu, 2013; Gămăneci & Căpăţână, 2011) and 

ash resulting from burning coal (Anghelescu et al., 
2012). The report also presents a series of 

recommendations for decision-makers and those 

involved in protecting health and improving the 
quality of human life. This report was covered by 

Bankwach under the name of an unpaid invoice. How 
our coal-fired power plants get sick and accessible to 

faracarbune.ro. 

Conclusions 

The actual management of environmental conflict 
depends on the attitude of the parties involved in the 

conflict and their views on the environmental issues 
that underlie the conflict (Gâștescu, 2001, p. 30). 

Environmental conflict has multiple dimensions, 
such as technical (imposition of non-polluting 

technologies, to be accepted by the parties to the 

conflict), financial (the polluter is obliged to pay 
environmental damage), and judicial (subjective 

interpretation of current legislation). Resolving 
environmental conflicts involves finding solutions that 

are accepted by all parties involved in the conflict, 

although finding appropriate methods is often difficult 
(Rauschmayer & Wittmer, 2006; Redpath et al., 

2013). Environmental conflicts arise when certain 
restrictions and rules on environmental protection are 

violated by economic agents and have negative 
consequences on the environment and the 

population. If the economic agent is interested in the 



 
  

 

75 

profit of the industrial unit, the environmentalist is 

concerned with the quality of environmental factors 

and sustainable development. Environmental conflicts 
arise because of the clash of divergent interests and 

employ various actors, such as the government (must 
pursue the long-term development of society, 

consider international environmental law and listen to 

all parties to the conflict), economic agents (aiming 
to maximise profits ), pressure groups (media, 

NGOs), and experts in various disciplines (health, 
environment, and economy), with the role of making 

a diagnosis and presenting objectively the 
consequences of resource exploitation on nature, in 

the long term (Gâștescu, 2001). 

The success of environmental conflict 
management depends on identifying all parties 

involved and their needs. Conflict management is an 
integral part of a successful team (Thakore, 2013, p. 

7); therefore, the negotiation process must be 

transparent and debated by the media, as well as by 
various experts. The use of a mediator is an efficient 

procedure that shortens the time period for resolving 
environmental conflicts. 

The parties involved in the dispute must be open 
for communication and accept both the positive and 

negative aspects of the conflict. For the 

environmental solution to be sustainable and not be 
challenged over time, an institutional dialogue 

between the parties and the imposition of clear and 
sustainable regulations are required. As is the case in 

other mining areas (Folchi, 2003; Mohebali et al., 

2020; Monjezi et al., 2009) and in this case it is 
necessary for the competent authorities to make the 

so-called environmental impact statement which aims 
to present the physical, biological and socio-economic 

effects of implementing an environmental project. 

The Rovinari thermal power plant continues to 
arouse dissatisfaction, protests, and controversies 

between economic agents and various NGOs. The 
people involved in the conflict live in a toxic 

environment, dominated by noise and dust, has an 
oscillating position in relation to environmental issues, 

and is often manipulated and misinformed. Against 

this background, there is a declarative war, often 
devoid of solid arguments between the economic 

agent and NGOs. 
Although the active participation of media causes 

conflicts between the protagonists and mediator, the 

management of environmental conflict is often 
dominated by political interference and national press 

articles; however, the action of NGOs is much more 
aggressive in sanctioning environmental issues. On 

the contrary, the violence due to environmental 
conflicts is much more intense in national media 

articles than in local ones because of the involvement 

of local authorities and the oscillating position of 
citizens involved in the conflict. 

By involving all the parties, environmental conflict 

can be a positive process, because all actors work 

together to find viable solutions to environmental 
problems. 
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Abstract 

Towards the end of 2019, a novel contagious virus (COVID-19) 
came out of Wuhan, China and turned into a disastrous pandemic. 
Many countries were completely or partially locked down. The 
ongoing pandemic has greatly affected our society and economy 
but, on the other side, it had effects upon the natural 
environment, as it rejuvenated itself. The present study repots the 
air quality and spatial distribution of air quality parameters (PM10, 
PM2.5, NO2, SO2, O3 and CO) in Delhi, taking into account data 
from 36 monitoring stations, for the months of January - April 
2019 and 2020, respectively before and during the COVID-19 
pandemic. The statistical tools like box plot, Pearson’s correlation, 
and PCA were used to interpret air pollution data before and 
during the lockdown period. The results revealed the 
characteristics of pollutants with respect to location, relationship 
between pollutants, and monitoring their level in compliance with 
the limits set by the legislation. The results of multivariate analysis 
were further spatially analyzed by mapping the distribution of 
pollutants by using the Inverse Distance Weighted interpolation. 
The result revealed the gradual reduction in the pollutant 
concentrations (PM10, PM2.5, CO, SO2) and an increment in ozone 
concentration was observed, which was due to a drastic reduction 
in NO2, especially during March and April 2020, immediately after 
the declared lockdown in the region. The overall study indicated 
that the interventions for urban air pollution mitigation are crucial 
in the regeneration of nature. 

Keywords: COVID-19, multivariate data analysis, spatial 
interpolation, air quality, IDW, Delhi 

Rezumat. Analiza spațială multivariată a poluării 
reduse a aerului în Delhi în timpul pandemiei de 
COVID-19 

Spre sfârșitul anului 2019, un nou virus contagios (COVID-19) cu 
originea în Wuhan, China a determinat o pandemie dezastruoasă. 
Multe țări au fost închise complet sau parțial. Această pandemie a 
afectat foarte mult societatea și economia noastră, dar a avut și efecte 
asupra mediului natural, care s-a regenerat. Prezentul studiu 
raportează calitatea aerului și distribuția spațială a parametrilor calității 
aerului (PM10, PM2.5, NO2, SO2, O3 și CO) în Delhi, folosind date de la 
36 de stații de monitorizare, pentru lunile ianuarie - aprilie 2019 și 
2020, respectiv înainte și în timpul pandemiei COVID -19. Instrumente 
statistice precum Diagrama Boxplot, Corelația Pearson și Analiza 
Componentelor Principale/PCA, au fost utilizate pentru a interpreta 
datele privind poluarea aerului înainte și în timpul perioadei de 
lockdown. Rezultatele au evidențiat caracteristicile poluanților în ceea 
ce privește locația, relația dintre poluanți și monitorizarea nivelului 
acestora în conformitate cu limitele stabilite de legislație. Rezultatele 
analizei multivariate au fost ulterior analizate spațial, prin 
cartografierea distribuției poluanților, utilizând interpolarea IDW. 
Rezultatul a relevat reducerea treptată a concentrațiilor de poluanți 
(PM10, PM2.5, CO, SO2) și s-a observat o creștere a concentrației de 
ozon datorită unei reduceri drastice a NO2, în special în perioada 
martie-aprilie 2020, imediat după blocarea declarată în regiune. În 
general, studiul a indicat că intervențiile pentru atenuarea poluării 
aerului urban sunt cruciale în regenerarea naturii. 

Cuvinte-cheie: COVID-19, analiza multivariată a datelor, 
interpolare spațială, calitatea aerului, IDW, Delhi 

 

Introduction 

In December 2019, a novel contagious disease 
named COVID-19, belonging to the coronavirus 

family, was diagnosed in Wuhan city of China (Chen, 
2020). WHO validated in January 2020 that it is 

transmitted among humans through respiratory 

globules. The spread of this disease was found to be 
extremely rapid in the surrounding area of Wuhan. In 

late January 2020, it was termed as an epidemic by 
the authorities and, subsequently, WHO declared a 

worldwide health emergency (Dutheil et al., 2020). In 

the following month of February 2020, it flared up in 
many other countries like Italy, Iran, etc. In due 

course of time, it became pandemic. It was the end 
of March 2020, when more than half of the world's 

population had been under one or another form of 
shutdowns (Tosepu et al., 2020). By the middle of 

April 2020, because of COVID-19, more than 2.1 

million cases were confirmed all around the world, 
with a total of 135,000 deaths (WHO, 2020). 

Due to global lockdown, the industrial, 
manufacturing and the transportation sectors were 

severely affected. However, transportation was most 

affected, as both road and air traffic began to restrict 
the local as well as international movement of people. 

The restriction resulted in the drop of air traffic by 
96%. While human health was impacted massively 

and the world economy simply crashed by COVID-19, 

the restrictions also resulted in the betterment of air 
quality, by reduced emissions into the atmosphere 

(Tobías, 2020). 
One of the most detrimental and inevitable 

consequences of urbanization and industrialization is 
the release of air pollutants. The WHO estimates that 

about 90% of urban residents experience air pollution 

that exceeds WHO guidelines and that air pollution is 
responsible for more than four million premature 
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deaths annually. Vehicles and industrial emissions 

include a lot of air pollutants. 

Theoretical background 

The major pollutants responsible for the 
degradation of air quality in urban areas are oxides of 

nitrogen (NOx), oxides of carbon, oxides of sulphur 
(SOx), ozone and particulate matter (SPM and RSPM) 

(Batterman et al., 2007; Bosco et al., 2005; Emami et 

al., 2018; Marć et al., 2016; Somvanshi et al., 2019; 
Wu et al., 2011). Particulate matter is a carcinogen 

and thus raises the chance of heart attacks (Cesaroni 
et al., 2014; Raaschou-Nielsen et al., 2015). Because 

of the reactive nature of O3, it can damage lung tissue  
and prolonged exposure has been linked to increased 

heart attack risks (Fann et al., 2012; Khaniabadi et al., 

2017a). NO2 is mainly released by the burning of fossil 
fuels and it is highly reactive in nature. Vehicles are 

the major source of NO2 (He L. et al., 2020; He M. Z. 
et al., 2020). Several works proved that long term and 

short term exposures to NO2 could cause death to 

human beings (Faustini et al., 2014). Other health 
hazards caused by this pollutant include respiratory 

disorders, increased sensitivity to asthma and cellular 
inflammation. NO2 and SO2 are the major contributors 

to the emergence of asthma and lung cancer 
(Greenberg et al., 2016; Khaniabadi et al., 2017b). On 

average, the total human deaths per year due to poor 

air quality is 4.6 million all around the world. The 
effects of air pollution are seen in the developed, as 

well as developing nations. In 2012, Europe, one of 
the most developed regions, witnessed the death of 

193,000 people. Hence, air pollution is a major 

concern and a global issue (Cohen et al., 2017).  
Reducing inputs of these pollutants into urban areas 

requires a combination of technological advancement 
and behavior change that can be stimulated by 

governmental regulations and incentives.   

Alterations of human, transport and industrial 
activity are usually the results of long-term economic 

and behavioral change and they are difficult to 
legislate under normal conditions. However, this 

pandemic has brought about certain crisis measures, 
endeavoring to diminish transmission rates that limit 

action, development and business in purviews around 

the world (Bera et al., 2020). While these emergency 
measures are critically important to limit the spread 

and impact of the coronavirus, they also provide a 
glimpse into how governmental calls for behavioral 

change can alter air pollution levels in cities. Thus, it 

is essential to study and understand the pattern of 
changes before and after the lockdown period and, 

on the basis of outcomes, policy-level changes can be 
recommended (Elass et al., 2020).  

One of the very useful statistical tools to study and 
analyze large environmental datasets is the multivariate 

analysis. Another important and useful tool is the 

correlation analysis that can be used to discern the 

relationship between various air pollutants or other 

variables that have an impact on air quality. It is an 
efficient tool to review the most significant aspects or 

sources of chemical components, as it has already been 
used in various air pollution research studies (Binaku & 

Schmeling, 2017; Tiwari & Singh, 2014; Zhu et al., 

2017). Similar to many of the multivariate methods of 
analysis, the principal component analysis (PCA) is also 

a method of data reduction that considers the 
correlation between the studied parameters, as the 

significant number of parameters in the dataset is small 
(Sharma et al., 2020). Due to its usefulness in data 

interpretation and classification, it is widely used in the 

environmental analysis (Wilks, 2011; Mostert et al., 
2010). PCA is used to discover existing relationships 

between meteorology and concentrations of various air 
pollutants along with other techniques like canonical 

correlation analysis. 

Spatial interpolation methods can also be used to 
study air pollution analysis (Akita et al., 2014; Li & 

Heap, 2014). For environmental studies of science 
and management, spatially continuous data of 

different ecological variables is needed. Nevertheless, 
in the case of mountainous regions and deep oceans, 

point sampling is carried out in order to obtain 

information about environmental variables. Hence, to 
convert the point sampling to spatially continuous 

data, different generating methods become important 
tools. Spatial interpolation is one such method, but it 

is usually data-specific or sometimes even variable 

specific. The predictive performance of the methods 
is affected by a lot of factors and studies have proved 

that these effects are inconsistent. Therefore, the 
selection of a suitable method for a particular dataset 

is tedious. Several interpolation methods are 

depending upon the data involved, such as local and 
global interpolation. The Ordinary Kriging (OK) and 

Inverse Distance Weighted (IDW) are the most 
frequently used local interpolation methods, which 

estimate the value with standard error for the 
unsampled point based on value and distance of the 

neighboring sample points. 

Additionally, continuous upgradation of 
instruments and advancement in technique has led to 

the detection of a significant number of pollutants, 
even with very little concentration (Mitra et al., 2020). 

When collecting air quality information from 

monitoring stations, although there is a small number 
of sampling points, useful information can be 

obtained by using multivariate methods that are 
adequate to characterize a given scenario or situation 

in full (Hajmohammadi & Heydecker, 2021). Applying 
statistical methods such as box plots, multivariate 

correlation analysis and PCA, along with geostatistical 

analysis like IDW interpolation can represent a very 
useful tool in the air quality data interpretation 

(Kumari et al., 2021).  
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Hence, the purpose of this research is to investigate 

the effect of the unconventional intervention of the 

Indian Government regarding the lockdown on the 
levels of nitrogen oxides, ozone, sulfur dioxide, carbon 

monoxide and particulate matter (PM10 & PM2.5), to 
map the spatial-temporal distribution of these 

pollutants and to correlate between them during 

lockdown period and pre-lockdown period. 

Study Area 

The case study area selected for the current 

research was Delhi, India's capital city, with 

coordinates ranging from the latitude of 28o24′17′′ to 

28o53′00′ North and the longitude of 76°45′30′′ to 

77o21′30′′ East. It is located along the Yamuna river's 
western bank and occupies an area of approximately 

1,490 km2. It is enclosed in the North by the 
Himalayas and towards South-West by the Aravali 

ranges (Figure 1). This city experiences semi-arid 

climate, having May and June as the hottest months, 
with temperatures reaching 48°C, while at the end of 

December-January, the lowest temperatures drop to 
around 5°C. The monsoon season continues from July 

to September, with July being the month 
characterized by maximum rainfall (about 300 mm). 

 

Fig. 1: Study area and ground sampling points 

 

Delhi has been witnessing rapid population 

growth, i.e. from 1.7 million in 1951 to over 16 million 
in 2011 (Census 2011), which makes it one of the 

high spread suburbs in the world. The land use of 
Delhi is prominently marked by residential, industrial 

and commercial areas coupled with increased socio-

economic activities. The rapid development is also 
accompanied by urban air pollution, Delhi being 

identified as one of the most polluted cities of India. 
Because of the wide spread of COVID-19, a 

nationwide lockdown was imposed from 24th March to 

14th April and it was later extended for many months. 
To follow social distancing, as a measure of caution 

almost all industrial activities and mass transportation 
was prohibited. As a result, the pollution level in Delhi 

was drastically reduced.  

Material and methods 

Data Used 

In Delhi NCR, more than 70 continuous air quality 

monitoring sites were developed by the Central 
Pollution Control Board (CPCB), in association with 

other local environmental protection agencies, in 

order to protect the air quality of the ambient 
environment. Such sites monitor and map the level of 

air pollutants. The data concerning the air pollutant 
concentration levels from these sites include hourly 

concentrations and 24-hour average concentrations 
(daily-mean). For the present study, hourly 

measurements of all the selected parameters (PM2.5, 
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PM10, NO2, SO2, Ozone, and CO) were collected from 

36 sites of Delhi NCR (Official website of Central 

Control Room for Air Quality Management managed by 
CPCB) (Figure 1). The analysis compared the two time 

periods: period 1 is from 1st January till 30th April 2019 
and period 2 is from 1st January till 30th April 2020. 

Multivariate Air Quality Data Analysis 

The statistical tools employed in this study are box 

plots, Pearson’s correlation, and PCA. The most 

significant step in temporal analysis is plotting the 
observational data against time. A Box Plot, sometimes 

also known as the whisker plot, is useful in the 
detection and comparison of outliers. Python-based 

box plots were developed for all the air quality 
parameters and for both periods, in order to graphically 

present the data according to their quartiles. The 

correlation coefficient is a statistical method to 
calculate the degree of association among variables 

when measured in pairs for comparison. Pearson’s 
correlation coefficient is mostly used in linear 

regression. In this study, it is used to measure the 

degree of association between seven air contaminants.  
To lower the dimensionality of a dataset (usually 

normally distributed), a multivariate technique, 
namely Principal Component Analysis (PCA) is used. 

The dataset includes several interrelated variables 
and converts them into non-correlated variables, 

which is a new set of variables that in turn, maximize 

variance. The vast majority of the variation in the 
dataset can be portrayed by considering a few 

principal components at whatever point there is a 
significant correlation between variables. Also, the 

trends and similarities in the data can be visualized 

while retaining the information as it is in the original 
dataset. The Principal components consist of a matrix 

of correlation or covariance. Every Principal 
component derives a full proportion of the overall 

variance. A Principal component shall be considered 

statistically significant if the own value is greater than 
or equal to 1 (Kaiser criterion). 

Spatial Analysis 

To study topological, geometric and geographic 
properties, spatial and statistical analysis was carried 

out. There was a similarity in values obtained from 

nearby points and variability for locations distant from 
each other. The spatial analysis comprises different 

techniques, many of which are in their early 
developmental stage. Different analytic approaches 

are incorporated in these techniques. One such 

technique is the spatial interpolation, also called Geo-
statistics. Geo-statistics can be described as an 

important tool that is essential to study the spatial 
patterns and to calculate the continuous variable 

values that are dispersed temporally at the locations 
that are not part of sampling sites. One of the spatial 

interpolation techniques is that called Inverse 

Distance Weighted (IDW). This approach works on 
the assumption that objects closer to one another are 

more alike in comparison to objects that are farther 
apart. IDW uses the calculated values surrounding 

the prediction position to estimate a value for every 

unmeasured location. The calculated values nearest 
to the prediction position impact the predicted value 

more than those farther away. IDW assumes that 
each measured point exerts a decreasing local impact 

with distance. It gives higher weights to the points 
nearest to the position of prediction and influences 

decrease according to distance. Thus, it is called 

Inverse Distance Weighted. Geostatistical tools were 
applied to determine spatial patterns and distribution 

of air pollutants. 

Results and Discussion 

Description of the data 

Descriptive statistics of the air pollution parameters 
studied in Delhi have been carried out (Tables 1 and 

2). The analysis also includes measures of variability, 

central tendency and form. The pollutants analyzed in 
this research were: suspended particulate matter 

(PM10 & PM2.5), nitrogen dioxide (NO2), ozone (O3), 
sulphur dioxide (SO2), and carbon monoxide (CO).

Table 1: Statistical summary of the air pollutants concentrations during January – April 2019 

  PM10 PM2.5 NO2 SO2 O3 CO 

Count 36 36 36 36 36 36 

Average 240.79 81.46 58.43 22.20 39.89 1.36 

Standard deviation 51.10 17.77 23.99 7.25 19.62 0.56 

Coeff. of variation (%) 21.22 21.82 41.07 32.67 49.17 41.34 

Minimum 146.30 52.76 3.96 7.59 9,21 0.40 

Maximum 336.78 124.66 97.55 40.05 78.18 3.40 

Range 190.48 71.89 93.59 32.46 68.97 3.00 

Stnd. skewness 0.23 0.43 0.04 0.01 -0.06 1.29 

Stnd. kurtosis -0.73 -0.47 -0.60 -0.60 -1.05 3.85 
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Table 2: Statistical summary of the air pollutants concentrations during January – April 2020 

  PM10 PM2.5 NO2 SO2 O3 CO 

Count 36 36 36 36 36 36 

Average 101.77 42.75 20.33 13.80 49.38 0.77 

Standard deviation 22.72 11.00 7.07 6.29 27.23 0.42 

Coeff. of variation (%) 22.33 25.74 34.79 45.56 55.15 54.92 

Minimum 68.78 11.94 6.16 1.22 2.21 0.32 

Maximum 155.44 64.32 36.40 25.89 93.20 1.95 

Range 86.66 52.38 30.24 24.67 91.00 1.63 

Stnd. skewness 0.65 -0.53 0.55 -0.11 -0.16 1.28 

Stnd. kurtosis -0.21 1.45 -0.38 -0.70 -1.04 0.74 

 
The study area has witnessed a significant decline 

of the pollutants after the declaration of three weeks 

of lockdown starting from 24th of March 2020. During 
the study period, almost all the pollutants (except 

ozone - O3) have shown significant declining trends. 
In Delhi, the major source of particulate matter (PM10 

and PM2.5) is represented by traffic and construction 
activities. The average concentrations of these PM10 

and PM2.5 have reduced by approximately fifty percent 

respectively. Large standard deviations and 
coefficients of variation were found for the PM10 and 

NO2 during the pre-lockdown period and for O3 during 
the lockdown period, which indicates heterogeneity in 

the concentrations among the monitoring stations. In 

both intervals, CO was more skewed (asymmetry of 
the probability distribution) due to large differences 

between CO measured at various monitoring stations. 
Plotting the observations against time is an essential 

step in time series analysis. The plot describes the 
data and assists to formulate a reasonable model 

(Núñez-Alonso et al., 2019). 

In the present study we used the Python-based 
box plot for better interpretation of the results. 

Using the box plot, it is possible to study the 
dispersion of all the pollutants and it also helps to 

understand their monthly trend (Figure 2). The box 

plot analysis for PM2.5 shows that during the months 
of January and February, the values were more 

scattered and higher and they appreciably declined 
during the lockdown duration in the city, namely 

during March – April 2020. The temporal patterns of 

PM10 values in Delhi showed a significant decline in 
the months of March and April, 2020 as compared 

to 2019 levels. However, the highest values were 
noted in January 2019 as compared to other 

months. The concentration was much more 
dispersed in the same month. The least dispersed 

concentration was observed in the month of April 

2020, due to the strict implementation of lockdown 
during this month in the city.  

As presented in the figure, the level of NO2 in Delhi 
provides a comparison of NO2 emissions between 

2019 (January - April) and 2020 (January - April). It 

is evident from the plots that NO2 concentration has 

decreased notably during the lockdown period, as 

there was sustainable reduction in the movement of 
vehicles and other transportation modes. The 

reduction in transportation activities and the 
subsequent decrease in oil demand have a major 

impact on the concentration of NO2 in the 
environment, as the primary source of NO2 emissions 

is combustion of fuel in transport (Mahato et al., 2020).  

Exceptionally, there was noticeable increase in the 
case of O3, although it followed the same trend of 

decline in concentration. Similarly, SO2 and CO also 
showed an exponential decline during the lockdown 

phase of the city. 

Correlation Analysis 

Correlations analysis permitted exploring 

ecological relations amongst the envisaged 
pollutants, which showed the significant correlation 

between their sources.  
For each pollutant, Pearson’s correlation 

coefficients were significant in all cases with p 
values≤0.05 (Tables 3 and 4). NO2 significantly 

correlated positively with PM10, with coefficient 

values equal to 0.6261 and 0.5506 in period 1 
(January – April 2019) and period 2 (January – April 

2020) respectively. NO2 also showed a significant 
correlation with PM2.5, with the coefficient value 

equal to 0.5239 for the second period. The 

photochemical smog in the presence of oxide of 
nitrogen can be attributed to the presence of the 

particulate matter in Delhi, with a significant 
correlation between NO2 and particulate matter.  

As it can be seen, O3 is negatively correlated with 
PM10 and NO2, with a Pearson correlation of -0.4015 

and -0.5667, respectively in the first period of the 

study, which consequently decreased in the second 
period due to the decline in the concentration of the 

pollutants. PM10 significantly correlated positively with 
PM2.5, with coefficient values equal to 0.7590 and 

0.7747, respectively, in both periods, which suggested 

a good association and a common source.
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Fig. 2: Temporal comparative analysis of air pollutants 
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Table 3: Correlation matrix among the six air pollutants for the first time interval (January – 

April 2019) 

  PM10 PM2.5 NO2 SO2 O3 CO 

PM10 - 0.7590 0.6262 -0.0611 -0.4016 0.1268 

PM2.5 0.7590 - 0.3504 -0.0226 -0.3214 0.0554 

NO2 0.6262 0.3504 - 0.1352 -0.5667 0.0539 

SO2 -0.0611 -0.0226 0.1352 - 0.1653 0.2701 

O3 -0.4016 -0.3214 -0.5667 0.1653 - -0.1058 

CO 0.1268 0.0554 0.0539 0.2701 -0.1058 - 

 

Table 4: Correlation matrix among the six air pollutants for the second time interval (January – 

April 2020) 

  PM10 PM2.5 NO2 SO2 O3 CO 

PM10 - 0.7747 0.5507 0.2118 -0.3461 -0.1517 

PM2.5 0.7747 - 0.5240 0.0936 -0.2065 -0.0665 

NO2 0.5507 0.5240 - 0.2244 -0.3009 0.1347 

SO2 0.2118 0.0936 0.2244 - -0.3540 0.0817 

O3 -0.3461 -0.2065 -0.3009 -0.3540 - -0.2029 

CO -0.1517 -0.0665 0.1347 0.0817 -0.2029 - 

Principal Component Analysis 

Generally, geospatial datasets are difficult to 
handle and interpret. Hence, to increase the 

interpretability of the dataset, the reduction of the 

data dimensionality with less information loss can be 
done by using PCA. PCA creates a new set of 

uncorrelated variables that, in turn, maximize variance. 
According to Kaiser criteria, the principal 

components higher than 1 should be retained and, 
according to this, only three components of 2019 

accounted for 81.77 percent of the variation in the 

dataset. The first component explained about 

39.31% of the total variance and it had moderate 
positive loadings of PM10 (0.585) and PM2.5 (0.577), 

which means that parameters under this group were 

responsive components of air pollution. The second 
component was responsible for 28.13% of the total 

variance and it had a moderate positive loading of 
carbon monoxide (0.518) and a negative loading of 

ozone (0.661). Vehicular pollution and biomass 
burning are the major sources of carbon monoxide 

pollution in the region. The third component 

explained 14.33% of total variance (Tables 5 and 6).

Table 5: Eigenvalues and accumulated variance of the principal components, 2019 

Component number Eigen value Percent of variation Cumulative percentage 

1 2.54709 39.3131 39.3131 

2 1.35116 28.1333 67.4464 

3 1.1747 14.3309 81.7772 
4 0.6189 9.2381 91.0153 

5 0.21867 6.6244 97.6397 

6 0.08148 2.3603 100.0000 

 

Table 6: Eigenvalues and accumulated variance of the principal components, 2020 

Component number Eigen value Percent of variation Cumulative percentage 

1 2.19304 54.6509 54.6509 

2 1.82523 23.9683 78.6192 

3 0.91782 10.0398 88.659 
4 0.47604 6.9217 95.5807 

5 0.32402 3.4108 98.9915 

6 0.25687 1.0085 100.0000 
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In 2020, out of all six components, only two were 

characterized by Eigen values above 1 and they 

accounted for 78.61 percent of the variation in the 
dataset. The first component explained about 54.65 

percent of the total variance and it had moderate 

positive loadings of NO2 (0.460) and negative loading 

of SO2 (0.427) and O3 (0.531). The second component 

was responsible for 23.96 percent of the total variance 
and it had a positive loading of PM10 (0.529), PM2.5 

(0.639) and carbon monoxide (0.467) (Table 7).

Table 7: Factor Loading Component wise for both time intervals 

Variable 2019 Factor Loading Component wise 2020 Factor Loading Component wise 

 1 2 3 1 2 

PM10 0.58577 -0.08478 0.29968 -0.35287 0.52964 
PM2.5 0.57730 -0.13411 -0.07424 -0.28847 0.63967 

NO2 0.27888 0.27812 -0.88693 0.46018 0.20953 

SO2 0.37038 -0.43640 0.04022 -0.42766 0.00054 
O3 -0.06601 -0.66191 -0.21491 -0.53146 -0.21964 

CO 0.32293 0.51856 0.26501 0.33935 0.46707 

*Statistically significant loadings are marked by bold 

 

Spatial concentration pattern of major 
pollutants during lockdown and pre-
lockdown phase 

The IDW spatial interpolation method was 
employed to find out the spatial extent of the 

pollutants and their ranges for both time intervals. 
These maps showed that PM2.5 were generally 

dispersed all through the city, even surpassing the 

yearly normal breaking point for the assurance of 
human wellbeing, i.e. 60µg/m3 and ranged in 

category of very poor to poor during the first period 

(2019); subsequently, during April 2020, due to 

lockdown implementation by the government, PM2.5 
was within the permissible limits, i.e. in the category 

of moderate to satisfactory (Figure 3). The 
northwestern part of the study area, mainly including 

the western peripheral highway and the major 

districts of Bawana, Mangolpuri, and Model Town was 
the most affected by the PM10 pollutant that fell under 

the very poor to severe category (Nigam et al., 2021). 
However, a significant decrease in concentration was 

evident in April 2020, ranging from satisfactory to 

good category (Figure 4). 

 

Fig. 3: Spatial comparative analysis of PM2.5 
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Fig. 4: Spatial comparative analysis of PM10 

The major source of NO2 in the urban area is 

represented by vehicle transportation and 
manufacturing or industrial units. During the 

lockdown, all these activities were hampered and 
there was a significant decline in the NO2 level in April 

2020, ranging under satisfactory to good category 

(Figure 5). In the O3 and SO2 interpolation map, it can 

be observed that during both periods, i.e. before and 

during lockdown, the concentration of both these 
pollutants was within the average limit prescribed by 

the government and ranging between satisfactory to 
good category (Figures 6 and 7). A similar trend is 

observed in CO, although it was within the permissible 

limit throughout the study interval (Figure 8). 

 

Fig. 5: Spatial comparative analysis of NO2 
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Fig. 6: Spatial comparative analysis of O3 

 

 

Fig. 7: Spatial comparative analysis of SO2 
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Fig. 8: Spatial comparative analysis of CO 

 

The trend of all six air quality parameters was 
studied by using the geostatistical analysis for two 

significant periods (before and during lockdown). A 
decreasing trend in the levels of all parameters has 

been observed between the two periods, for the 

months of March and April. This is the aftereffect of 
the air quality improvement during the advancement 

of COVID-19 pandemic, generally marked by the 
decrease of street traffic emissions. Another reason 

concerns the decrease of industrial activities in the 
area (Garg et al., 2021). 

As the urban ecosystem mainly focuses on socio-

economic growth and overlooks the various 
environmental issues, such as pollution, it is exposed 

to a health threat. The environmental restoration 
process has drawn significant attention for the 

analysis of air pollution in the course of the pandemic. 

Conclusion 

COVID-19 has now become a pandemic all around 
the world and it poses a severe threat to human 

wellbeing, while also hindering monetary exercises. 
Nevertheless, it has surprisingly ensued positive 

development in environmental aspect. The pollution 
of environment is declining and nature is recovering 

itself. In the present study, the six major air pollutants 

of Delhi were compared between pre-lockdown and 
during lockdown period. Among the selected 

pollutants, the significant reduction was in PM10 and 
PM2.5, followed by NO2, SO2 and CO, due to 

suspension of all industrial and transportation 
activities. On the other hand, due to the decrease in 

the concentration of NOx and particulate matter, 

there was a slight increase in O3 concentration. 
Perhaps this effect is not permanent, but it is positive 

on the environment. Also, governments and people 
ought to gain from this lockdown the most proficient 

method to decrease pollution on long term basis. 
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Abstract 

The importance of the tourism sector to Small Island Developing 
States (SIDS) relies on their “islandness”. Tourism contributes to 
its socio-economic development in many ways. However, their 
heavy dependence on foreign entities and expertise has 
encumbered processes that ensure greater local control, 
ownership, participation, and avoidance of leakages. Unshackling 
these dependencies is one of the biggest challenges faced by SIDS 
in their quest to self-determination and emancipatory futures. The 
article argues that new pathways and trajectories have to be 
found to induce the required change where sustainability and 
inclusivity become fundamental for self-determination, social 
justice, and a just tourism. The article suggests the establishment 
of specific island policies that support sustainability and 
Community-based Tourism (CBT).  The suggestions also include 
the establishment of a regional CBT hub for Islands within a 
region. This article is a conceptual paper based on secondary 
data, journal articles, books and government documents. 

Keywords: tourism, well-being, community-based tourism, 
local population, host population, small islands 

Rezumat. Turismul durabil și turismul comunitar 
în insulele mici: o analiză a politicilor 

Importanța sectorului turistic pentru micile state insulare în curs 
de dezvoltare (SIDS) se bazează pe „insularitatea” lor. Turismul 
contribuie la dezvoltarea socio-economică în multe feluri. Cu toate 
acestea, dependența mare față de entitățile și expertiza străină a 
împiedicat procesele care asigură un control local mai mare, 
proprietatea, participarea și evitarea problemelor. Renunțarea la 
aceste dependențe este una dintre cele mai mari provocări cu care 
se confruntă SIDS în căutarea lor de autodeterminare și a unui 
viitorul emancipator. Articolul susține că trebuie găsite noi căi și 
traiectorii pentru a induce schimbarea necesară în care 
durabilitatea și incluziunea devin fundamentale pentru 
autodeterminare, justiție socială și un turism corect. Articolul 
sugerează stabilirea unor politici insulare specifice care să susțină 
sustenabilitatea și turismul comunitar (CBT). Sugestiile includ, de 
asemenea, înființarea unui hub regional CBT pentru insulele dintr-
o regiune. Acest articol este o lucrare conceptuală bazată pe date 
secundare, articole de specialitate, cărți și documente 
guvernamentale. 

Cuvinte-cheie: turism, bunăstare, turism comunitar, 
populație locală, populație gazdă, insule mici 

 

Introduction 

Globally there are about 180,000 islands "different 
in sizes and natural conditions and tourism" 

(Podhorodecka, 2018:163). Of those, only about 90 

islands are larger than 10,000 square kilometres 
(Sharpley, 2012:169). Islands have various 

characteristics such as remoteness, exoticness which 
represent romance, adventures, and escape 

(Sharpley, 2012:167). Tourism is a significant sector 
in many islands (Podhorodecka, 2018:163; Pratt, 

2015:148). For many Small Island Developing States 

(SIDS), tourism has become the main economic 
activity for jobs, incomes, and foreign currency 

(UNWTO, 2014:2). The tourism sector is relevant in 
the Pacific area for the next ten years is becoming an 

essential source of employment, economic growth, 

and poverty alleviation (Everett, Simpson. & Wayne, 
2018:4). For the Caribbean area, the story is similar, 

as tourism is the vital economic sector contributing 

15.2% of the Caribbean's GDP and to 13.8% of 
employment of the region (WTTC, 2017:7). The 

importance of the sector is arising from their 

islandness (in our parlance islandity), which surfaces 
their uniqueness. As such, tourism is uniquely 

positioned to contribute to their socio-economic 
development in many ways.  

However, tourism in the islands has its challenges 

as a double-edged sword (Lasso & Dahles, 
2018:473). Tourism can enhance or disrupt 

livelihoods. On the one hand, tourism can contribute 
to economic diversification, but, on the other hand, it 

can have adverse effects of dependence on tourism 
income by locals accompanied by related risks (Lasso 

& Dahles, 2018:473). Challenges or obstacles for 

small island states can the grouped into four main 
categories: small size; insularity/remoteness; 

environmental vulnerability; and socio-economic 
factors (Pratt, 2015:149). Many islands are small, 

with limited natural resources and high external 
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dependence (Anderson, 2013:61). The need to 

address matters related to economic, social, and 

environmental impacts and sustainability is a unique 
challenge for islands (Sheldon, 2005:1, 3). Hongbo 

(cited in UNWTO, 2014:3) argues that an additional 
challenge for island states is to spur further economic 

growth while protecting both their communities and 

the environment. Of equal importance is the 
sustainability issue in terms of their carrying capacity, 

community participation, and environmental policies 
(Sánchez- CastilloCañizares, - Cabeza&Canalejo -

Ramírez, 2018:2). Attention also needs to focus on 
issues of economic leakages and linkages (Cheer, 

Bailey, Taumoepeau & Movono,Pratt, Tolkach,

2018:450) as they have a bearing on their overall 
economic performance, growth, and development. 

The importance of tourism in islands must be 
contextualised in its historical perspective. Tropical 

islands have been international tourism marketing 

memes since the start of the massification of the 
tourism sector (Hampton & Jeyacheya, 2020:8). Two 

factors have been relevant decolonisation and the 
rapid growth of international tourism (McElroy, 

2003:231). Today many SIDS experience mass 
tourism in which Trans National Corporations are the 

key drivers and beneficiaries while local communities 

suffer (Hampton & Jeyacheya, 2020:9). There is an 
overstatement of the vulnerability and external 

dependence of small island states to reflect them as 
if they need urgent external assistance and only to 

mask a hidden agenda (Scheyvens & Momsen, 

2008:505). Therefore, it is necessary to dispel this 
myth so that SIDS can chart their course to self-

determination (Scheyvens & Momsen, 2008:505). 
New approaches and pathways that prioritize the 

islands and their disadvantaged community members 

need to be unearthed and implemented, taking into 
account matters of sustainability and redistribution to 

address the double-edged sword of inequalities and 
poverty.   

This article aims to investigate the vision (and/or 
main objectives) of national tourism policies (strategy 

or plan) about sustainable tourism and community 

involvement (inclusive tourism and CBT) to verify the 
emerging trends. Consequently, the article aims to 

propose possible new directions on tourism 
development in SIDS, focusing on alternative tourism 

approaches, primarily community-based tourism 

(CBT) within the context of sustainable tourism (ST). 
In other words, the aim is to contribute to the broader 

debate about tourism and development with specific 
attention to islands and alternative (CBT) tourism 

approaches. The article includes a literature review 
that presents major issues confronting tourism and 

island development. After that, specific issues about 

tourism policies in selected islands will be presented. 
This is followed by a discussion section that suggests 

possible directions in tourism development in islands. 

 

Methodology 

This article is based on a review of the literature. 

It uses explicitly national tourism policies 
(strategies/plans) from six island nations with 

variegated contexts: two islands are from the 
Caribbeans, two islands from the Pacific region, and 

the other two islands are from the Indian Ocean 

region. The islands were also chosen based on 
differences in receipts in the destination as % of 

exports. A random choice that includes differences in 
the value of receipts in the destination can give a 

greater understanding of the specific trends no 
matter what the value of tourism is – that various 

islands can have, or may not, in common. If islands 

are 'identical,' it could be more likely they follow 
similar approaches. Thus, the chosen islands are 

Barbados 53% (receipts in a destination that is the 
percentage of exports), Trinidad and Tobago 2.3%, 

Maldives 75%, Seychelles 31.7%, Samoa 54.9% and 

Tonga 43.8% (UNWTO, 2014). The value of tourism 
as a percentage of export range from a maximum of 

75% for the Maldives to a minimum of 2.3% for 
Trinidad and Tobago. This gives a wide range of 

values, thus allowing us to understand if an island 
pursues a specific trend. In this case, based on the 

vision and main goals as enshrined in the national 

tourism policy/strategy/plan. Also, this article focuses 
on the visions and goals of island states as well as 

their tourism policies/strategies. Visions and goals 
can be considered to be the overarching goal of the 

islands in terms of the proposed future tourism 

development. This finds articulation in the full text in 
the policy or strategies with specificities of how they 

will be achieved. Therefore, the article looks at the 
general trajectory of tourism development in the 

islands as an adequate measure to understand the 

visions and goals of each island's tourism policy or 
strategy.  For purposes of this study, small islands are 

islands with less than one million inhabitants, 
however, we included Trinidad and Tobago in the 

Caribbeans with 1.4 million to have two countries per 
region. 

Literature review  

Sustainable tourism and community-based 
tourism 

In determining what elements are part of 
sustainable tourism, the role of host communities has 

always been noticed. The UNEP & WTO (2005:18) 

guide mentions, economic viability, local prosperity, 
employment quality, social equity, visitor fulfillment, 

local control, community well-being, cultural richness, 
physical integrity, biological diversity, resource 
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efficiency, and environmental purity. The tourism 

sector (see UNWTO, 2017:6) is committed to 

participating in efforts towards attaining the 
Sustainable Development Goals (SDGs). Besides, the 

"Global Code of Ethics in Tourism" (UNWTO, 2001:5) 
article five: Tourism, beneficial activity for host 

countries and communities – read: "Local populations 

should be associated with tourism activities and share 
equitably in the economic, social and cultural benefits 

they generate, and particularly in the creation of 
direct and indirect jobs resulting from them" and 

"Tourism policies should be applied in such a way as 
to help to raise the standard of living of the 

populations of the regions visited and meet their 

needs…" Recently, UNWTO does not even use the 
term "sustainable tourism" but relates tourism to 

sustainable development goals - acknowledging the 
apparent truth that tourism is part of a global process 

and does not always contribute to sustainable 

development from a broader perspective. 
Community-based tourism has been assumed to 

be sustainable. However, from the outset, we make a 
specific note on the relation between suitability, CBT, 

and conventional/mass tourism to indicate that all 
types of tourism (and not only alternative tourism 

such as CBT) must be sustainable; the poor must not 

take the burden (see Giampiccoli & Saayman, 
2017:10). The United Nations also remark that all 

types of tourism should be sustainable as ST is not a 
special form of tourism (UNEP & UNWTO, 2005:2). It 

is also important to note that the demand for CBT is 

growing (MTE, 2015:6). It "is not a brand of tourism, 
but rather a type of ownership and management 

arrangement" (MTE, 2015:4). 
Community-based tourism is originally meant for 

disadvantaged people and localities (Tasci, Semrad & 

Yilmaz, 2013:10) and it should empower "poor 
communities to take control over their land and 

resources, to tap their potential, and to acquire the 
skills necessary for their own development" (Mearns, 

2012:72; see also Nagy & Espinosa Segui, 2020:5). 
Its goal is to give ownership and control to destination 

communities in tourism development" (Tolkach, 

2017:287) such that there are no winners or losers 
but is about redistribution, equity and collective 

ownership (Tasci, Semrad & Yilmaz, 2013:2; Ullan de 
La Rosa, Aledo Tur & Garcia Andreu, 2017:469; Dangi 

& Jamal, 2008:12). It is also about local ownership of 

businesses, bottom-up decision-making, and 
ploughing back the benefits of tourism into the local 

community (Tucker, 2016:335). Community-based 
tourism is an alternative to conventional forms of 

tourism specifically about foreign ownership of the 
tourism sector, "which frequently results in loss of 

local control over the destination's resources and loss 

of local autonomy" (Tucker, 2016:335).  
Community-based tourism is a type of tourism that 

also requires low capital investment. For example, 

accommodation in village tourism does not require 

huge capital investment outlay but careful planning 

(UNWTO, 2002:14). Community controlled 
enterprises have low capital investment costs 

(Environmentally and Socially Responsible Tourism 
Capacity Development Programme & WWF-Vietnam, 

2013:23). This does not mean that CBT must remain 

small but can grow (Calanog et al., 2012:184; France, 
1997:17; Hamzah & Khalifah, 2009:2; Jealous, 

1998:12). Sustainable approaches to tourism, such as 
"low-density, sustainable hotels, and ecolodges," also 

require low capital investment (UN, 2010:18). The 
involvement of local communities in tourism is an 

essential tool that contributes to community 

development (Lasso & Dahles, 2018:473). For SIDS, 
the UNWTO (2014:2) indicates: "Sustainability – the 

only way forward." Therefore, it is essential to explore 
the various characteristics of the islands and correlate 

them to sustainability (Sustainable Tourism) and 

community involvement (CBT issues). 

Tourism in islands: characteristics and 
challenges  

Tourism is a vital economic sector in many islands 

and fundamental sources of employment and foreign 
exchange (Bojanic, Warnick & Musante, 2016:4). 

Therefore, while the value of the tourism sector in 
small islands must be recognized, tourism also suffers 

numerous challenges that, if mitigated or resolved, 
could increase the positive role of tourism in island 

development. Agenda 21 (UN, 1992:193) SIDS, notes 

that islands represent a special case because of the 
need to protect their small communities and the 

environment. Islands, especially small ones, have 
numerous characteristics that often become 

challenges that open their vulnerabilities. SIDS are 

deficient in resources; they have limited land 
surfaces; small populations and small GDP; isolation 

and remoteness; vulnerability to natural calamities; 
absence of economies of scale; weak and high costs 

in transportation, communication, and public 
administration and infrastructure; limited biodiversity, 

uncontrolled urbanisation; and high dependence on 

foreign economies (Stylidis, Terzidou & Terzidis, 2007; 
Puig-Cabrera & Foronda-Robles, 2019:61; World 

Bank, 2017:6; Connell, 2018:114; Sharpley, 
2012:169). The small size of many islands is a 

fundamental development obstacle, making tourism 

development difficult (Jamal & Lagiewski, 2006:1). 
They also suffer from a deficiency of local experience 

and expertise in tourism development, making it very 
difficult for island communities to manage the 

negative impacts of tourism (Kokkranikal, McLellan & 

Baum, 2003:426) resulting in the need to rely on 
imported foreign expertise and experts. Such islands 

often have a heavy dependence on international 
tourists and expertise and, consequently, are 
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vulnerable to world developments (Sharpley, 

2012:169). Also, competition between islands can 

compound economic pressures (Hampton & 
Jeyacheya, 2020:8). This panoply of challenges 

requires astute and smart policies and programmes 
to overcome them, with some focusing on the local 

with others being regionally collaborative.  

The dependency framework within which tourism 
operates in islands was noted in the 1980s by Britton 

(1983: 198) in his classical work on Fiji, where he 
states that tourism development in Fiji is part of the 

colonial system. Thus, because Fiji had few economic 
alternatives, it remains reliant on foreign capital for 

its development reinforcing its domination by 

metropolitan interests (Britton, 1983:200). Twenty 
years later, after Britton's seminal work, it was noted 

that the history of "many of these islands also 
functioned as nodes in center-periphery trade, and 

these links nourished the inflow of foreign private 

hotel investment encouraged by generous, pro-
growth tax incentives. Besides, traditional political 

ties fostered the aid-financed transport infrastructure 
that forms the capital base of the visitor industry" 

(McElroy, 2003:237). The struggle to control and own 
the tourism sector is a never-ending story, such that 

Thomas, Moore & Edwards (2018: 146) note that in 

the Bahamas "dependence on foreign capital, foreign 
goods, foreign expertise, and foreign markets 

remains the norm in the postcolonial present." 
Unshackling these dependencies is one of the biggest 

challenges faced by small island states en route to 

self-determination and emancipatory futures.  
Financial leakages from tourism are very high in 

island states to become one of the negative 
consequences of mass tourism (UNWTO, 2004:14; 

Chong, 2020:159). Conservative estimates indicate 

"leakage rates of 55% to over 80% for some SIDS, 
such as the Bahamas" (Hampton & Jeyacheya, 

2020:8; see also examples in the Caribbean region, 
Walton, Hughen, Guggenheim & Escovar-Fadul, 

2018:17; Cook Islands, Mellor, 2003:101). Leakages 
have been defined "as the part of the price of the 

holiday paid by the tourists, that leaves or never 

reaches a destination, due to the involvement of 
foreign-based transactions" (Anderson, 2013:62). 

Alternatively, leakages represent what "loss of 
tourism foreign exchange caused, in large part, by the 

need to import goods and services required by the 

tourism industry" (Spinrad, Seward & Bélisle, 
1982:21). Examples of leakages are, amongst others, 

the import of materials and equipment for 
construction, the repatriation of profits, import of 

consumer goods, mostly food and drink (Walton, 
Hughen, Guggenheim & Escovar-Fadul, 2018:17). 

Leakages are considered negative for their negative 

impact on impairing the local communities to own and 
manage ventures for their benefit and encumbering 

future economic growth and sustainability (Alzboun, 

Khawaldah, Backman & Moore, 2016:18). Their small 

sizes and populations and high transportation costs 

amplify the leakage problem (Cheer, Pratt, Tolkach, 
Bailey, Taumoepeau & Movono, 2018:451). Ironically, 

these are the same countries where tourism is 
supposed to assist with economic development, 

which suffers the most from leakages (Chong, 

2020:159).  
Leakages should not be separated from issues of 

the control and ownership of the tourism industry and 
the exclusion of local businesses because large 

transnational corporations (TNCs) "operators are 
vertically or horizontally integrated and use subsidiary 

companies to service much of the tourist's visit, 

including accommodation, transport, activities, and 
attractions. This leads to economic leakage (profits 

flowing off-island) to foreign-owned businesses, 
leaving little opportunity for smaller, local enterprises 

to benefit from tourist expenditure" (Chong, 2020:8; 

on similar issues see also Hampton & Jeyacheya, 
2020:8; UN, 2010:16). External control of tourism in 

islands has been a historical remnant linked to 
colonialism. In the Caribbeans, the key players in the 

industry are mainly non-Caribbean entities (see 
Walton, Hughen, Guggenheim & Escovar-Fadul, 

2018:12; on similar issues see also Sealy, 2018:82). 

Other islands such as Zanzibar, suffer similar issues 
related to foreign ownership with economic leakages 

reaching and often exceeding "80 percent of the 
prices of the tourist package" (Anderson, 2013:72). 

Foreign ownership is especially skewed in favor of 

high-end and all-inclusive facilities, and these are 
significant producers of leakages (Chong, 2019:84; 

Sealy, 2018:83). The transnational tourism system is 
linked to a specific tourism typology primarily related 

to conventional/mass standardised tourism where 

hotel foreign ownership accounts for substantial 
leakages of foreign currency, leading to both social 

exclusion and social polarisation in these island 
nations (Sealy, 2018:82).  

Alternative proposals such as where locals can 
have some ownership stake in tourism ventures are 

possible as shown in St. Lucia where despite foreign 

entities owning and operating large hotels some local 
business people have invested in guesthouses, arts 

and craft shops, restaurants, tour-operating small 
firms, and other small entities with links to hotels 

(Spinrad, 1982:89). More shifts and positive change 

towards increasing local control and benefits is 
required. Tourism revenue should be retained in the 

local economy, and essential substitution and 'buy 
local' strategies become essential to reduce leakages 

and create linkages (Sheldon, 2005:4). To this end, 
tax and investment incentives, and subsidies for 

entrepreneurs are essential to boost the economy 

(Sheldon, 2005:4). It is of fundamental importance to 
decrease leakages and enhance linkages as a way of 
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finding new solutions for sustained economic growth 

and prosperity. 

Leakages and linkages are a reflection of the 
strength of the economy. For instance, if tourism 

consumes goods and services mainly produced 
domestically, this is a reflection of strong linkages 

within the sectors of the economy and a mirror to a 

low level of leakages (Spinrad, Seward & Bélisle, 
1982:22). The Dominican state in the Caribbeans 

represents "a low-revenue - low-leakage destination" 
(Walker & Lee, 2019:7). Many islands such as 

Seychelles (MTCPM, 2018:1), Samoa (STA, 2014:27), 
Cook Islands (Mellor, 2003:101), and Caribbean 

region (Thomas, Moore & Edwards, 2018: 147) admit 

the existence of the leakage problem and, often, the 
need to seek solutions that enhance linkages. In 

agriculture, tourism linkages have been proposed, 
such as keeping jobs on farms that supply hotels with 

agricultural produce, as a way of keeping tourism jobs 

and profits within the country (Thomas, Moore & 
Edwards, 2018: 147). Enhancing integration between 

the tourism and agriculture sectors can help decrease 
leakages from the local economy (Walker & Lee, 

2019:12). Understanding supply chains and how they 
can be harnessed to benefit local economies is 

imperative for the economy.  

The current tourism system also influences 
working conditions – often poor working conditions 

are found in the tourism sector in islands states (and 
arguably everywhere). Labour issues in tourism are 

important because of the large number of people 

employed in tourism in island nations (Jamal & 
Lagiewski, 2006:3). Reis (2016: 4) observes that 

neoliberalism delivered mainly low paying jobs, which 
are often seasonal, and part-time, ultimately failing to 

deliver on sustainable socio-economic development 

and a state of genuine independence. In the 
Dominican Republic, while many people are employed 

in tourism, "the number of hours worked, and the 
wage rates do not contribute significantly to the total 

household income," reinforcing the worry about 
leakages in the sector (Reis, 2016: 4). Many workers 

in the sector in island states endure poor working 

conditions (see Sealy, 2018:83). Often islands do not 
have enough workforce, particularly qualified 

workforce, such as in the Cook Islands, where a lack 
of a well-trained labour force is a deterrent to 

successful tourism development (Mellor, 2003:104). 

This implies that new pathways and trajectories have 
to be found to induce the necessary change in the 

direction of advancing tourism in islands where 
sustainability and inclusivity become fundamental for 

self-determination, social justice, and a just tourism. 
However, two issues are relevant. First, policies, 

plans, and strategies on paper need to be correctly 

implemented and monitored for effectiveness – 
otherwise, they just remain paper. Thus, a "break 

may occur between policy implementation and actual 

result, the so-called 'implementation gap,' in which a 

continuing lack of empowerment frustrates effective 

action" (Sofield, 2003:191). Developing a policy or 
strategy is only the first part of resolving the 

challenge. Implementation of strategies requires the 
participation of multiple players and sectors with 

conflicting interests and limited budgets, posing a 

challenge on their own (Everett, Simpson & Wayne, 
2018:13). Implementation requires concerted effort, 

shared vision, and political will undergirded by 
principles of inclusivity and participation.  

Secondly, stereotypical and standard/hegemonic 
thinking needs to be overcome. The need is to go 

"beyond stereotypical representations of island 

states, which suggest that they cannot appropriately 
plan for their futures" and avoid the general concept 

that globalization damages natural contexts but 
instead appreciate the agency of local people for 

development (Scheyvens & Momsen, 2008:497). The 

strength, abilities, and resources of these islands to 
promote change should be recognized (Scheyvens & 

Momsen, 2008:497). It can be surmised that some of 
these strengths include: being small is beautiful; 

small islands are good economic performers; they 
have high levels of cultural, social and natural capital, 

and respect for traditional, holistic approaches to 

development; strong international linkages and their 
political strength (Scheyvens & Momsen, 2008). 

Ultimately many have failed to come forward with 
credible strategies that enable island states to benefit 

optimally from their tourism industry (Scheyvens & 

Momsen, 2008:497). Globalization and dependency 
are real issues, but there is a need to go beyond 

dependency to advance solutions to overcome the 
challenges associated with these two phenomena. 

ST and CBT in small islands tourism 
policies  

It is evident that a different approach to tourism 
development in islands is required to advance local 

development, decrease leakages (and increase 

linkages), and make tourism more locally profitable 
and participatory. As such, a more inclusive approach 

to tourism is required in order for islands to derive the 
maximal benefits tourism (Hampton & Jeyacheya, 

2020:9) because "economic growth in itself is 

insufficient for fighting poverty and inequality unless 
it is both sustainable and inclusive" (UNWTO, 

2018:9). Inclusive tourism is "transformative tourism 
in which marginalized groups are engaged in ethical 

production or consumption of tourism and the sharing 

of its benefits" (Scheyvens & Hughes, 2019,298:592). 
Tourism can only be considered inclusive when 

marginalized groups are involved in it and addresses 
issues such as inequality and considers the case of 

the minorities (Scheyvens & Hughes, 2019, 298:592). 
In order to tackle poverty, there is a need to involve 
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the poor in economic activities (Holden, 2008:140). 

From an island and sustainability perspective, the 

integration of the community is essential for the 
success of ST development, and this implies that 

slanders must be involved in all tourism planning and 
development processes (Sheldon, 2005:5). 

Fundamentally, the island community and the local 

culture of empowerment are a fundamental part of 
planning (Sheldon, 2005:4).  

The advancement of strategies that enhance local 
control and ownership of the tourism sector is 

paramount to facilitate and advance local 
empowerment and the accrual of maximum benefits 

to locals. Indeed, a ST approach is well recognised as 

a fundamental issue for islands (as should be 
everywhere). Islands work in a global context, and 

this influences their development trajectory. As such, 
within a globalization context, "where shocks occur, 

'think global, act local' translates poorly into practice. 

It makes only limited sense to consider SD 
[sustainable development] for a single island or island 

state, let alone a particular sector" (Connell, 
2018:109). A conflict between global and local is 

inevitable because capitalism favours resource 
exploitation and mass tourism while local attempts at 

culturally acceptable development are fragmented 

and still have to contend with the uncertainties 
brought about by global capitalism (Connell, 

2018:109). 
Specific geographical conditions and the critical 

natural and cultural value of SIDS make them great 

tourist attractions. The specific challenges and 
vulnerabilities they face make ST the only plausible 

way to pursue their development and the protection 
of their fragile ecosystems (UNWTO, 2014:2). 

Tourists can damage the islands' natural 

environment; therefore, islands can adopt specific 
visitor regulations, such as arrival limits and quotas, 

to better protect the environment (McKinsey & 
Company and WTTC, 2017:42). Limits on the number 

of visitors based on specific local resources and 
conditions can also be elaborated and proposed to 

safeguard the totality of their ecosystem – their 

communities, heritage, culture, and the environment.  
Sustainability is a fundamental matter in island 

tourism. ST suggests that the provision of a quality 
visitor experience does not preclude enhancing the 

quality of life of the host communities and the 

environment (Kokkranikal, McLellan & Baum, 
2003:427). For example the World Bank (WB, 2015 

cited in Giampiccoli, Muhsin & Mtapuri, 2020) notes 
that the Maldivian growth model is not inclusive 

threatening its social, fiscal and environmental 
sustainability against a backdrop of high levels of 

inequality and a sense of unshared prosperity. As 

such, it is prudent for islands to focus on ST (Bojanic, 
Warnick & Musante, 2016:3). For Campling et al., 

(2011 cited in Giampiccoli, Mtapuri & Nauright, 2020), 

by focusing on top-end tourism to maximize the 

benefits and minimize environmental degradation 

through imposing ceilings on visitor intake, the 
Seychelles was promoting ‘sustainable tourism’ 

before it became a key international policy discourse. 
Faced with their many challenges, many SIDS have 

embraced the sustainable development agendas (Van 

Beynen, Akiwumi & Van Beynen, 2018:99) in which 
they prioritise policies that promote sustainable 

tourism development and ensure local benefits (UN, 
2010:18). Besides ST, CBT is suggested in island 

states for jobs and community empowerment. In 
Jamaica CBT, has been proposed since 2004 as "the 

latest positive response to the development by a 

government that is keen to stimulate, engage, 
embrace and support the Jamaican people as 

partners, participants and beneficiaries in progress" 
(UNWTO, 2004:38).  

 

Findings 

Islands nations have adopted tourism approaches 
that seek more inclusivity. An example is the mission 

statement in the Seychelles Tourism Master Plan 
(MTCPM, 2018:1), which strongly supports local 

ownership and benefits. The same document 
(MTCPM, 2018:1) also indicates sustainability as part 

of its mission statements: "To adopt a policy of a 

conservative number of beds per island and the 
mainstream environment in tourism development 

notably by fostering responsible and ethical tourism 
and encouraging energy-saving, water, sanitation, 

waste, and other environmental 

conservation/management practices in daily tourism-
related operations." One of the themes in the 

Strategic Action Plan of Maldives' fourth tourism 
masterplan 2013-2017 is about 'Promoting sensible 

ways for communities to participate in tourism' 

(MTAC, 2013:46), indicating "a strong appetite for 
wider participation in tourism from many sections of 

society. This enthusiasm needs to be channeled in 
commercially viable ways, and that will complement 

mainstream tourism."  
Market trends and inclusivity seem to favour the 

Maldives as they target visitors who travel unbooked 

and exploring as they travel, and many guesthouses 
which have spurred community‐based tourism 

development in Asia (MTAC, 2013b:118). The 
Samoan Samoa Tourism Sector Plan, 2014-2019 

(STA, 2014:35) as part of the Product Development 

Strategy proposes cultural and natural attractions as 
essential products showing that the tourism sector is 

differentiated with the growing importance of local 
linkages to cultural and environmental tour products 

coupled with CBT products such as handicrafts and 
homestays are being encouraged at the village level 
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and initiatives that support this were to be developed 

(STA, 2014:40). 

The Secretary-General and Chief Executive Officer 
of the Caribbean Tourism Organization greatly amplify 

the possible role of CBT in the Caribbean by stating 
that "all tourism in the Caribbean should be 

community-based tourism. Tourism should be of, by, 

for, and with the full consent and embrace of the 
community. Defining it in any other way marginalises 

an effort that should be at the heart of our sustainable 
development. Communities are the carriers of our 

culture and our lifeboats to the future" (Vanderpool-
Wallace, 2007:VIII). The Jamaican National 

Community Tourism Policy and Strategy indicates that 

CBT "means putting local communities in control of 

the development of the wider tourism product and 

ensuring that the benefits of tourism are spread 

widely within the community" (MTE, 2015:4). It was 
imperative to check if issues of sustainability and 

inclusivity have the necessary prominence in national 
tourism documents – the visions and primary goals. 

Table 1 presents the main vision/goals of tourism 

policies/strategies/plans of selected islands. The 
islands belong two each to an ocean, the Seychelles 

and Maldives to for the Indian Ocean; Trinidad and 
Tobago and Barbados to the Atlantic Ocean 

(Caribbean Region); and Tonga and Samoa to the 
Pacific Ocean. 

 

Table 1 Selected Visions / main approaches from Islands tourism plans/strategies 

Country / Document Vision / main approaches 

Trinidad and Tobago 
(MTTT, 2020). 

“Tourism development shall be undertaken in a sustainable and responsible 

manner so that the sector realizes its full potential to engage local 
communities, create economic opportunities and alleviate poverty” (MTTT, 

2020:1). 

Samoa 

(STA, 2014) 

“By 2019 Samoa will have a growing tourism sector, which engages our 
visitors and people and is recognized as the leading Pacific destination for 

sustainable Tourism. 
Applying the principles of Sustainable Tourism Development (UNWTO) are 

integral to the achievement of this Vision” (STA, 2014:III). 

Tonga  
(TRIP, 2013) 

“Tourism drives Tonga’s future sustainable economic growth, optimizing 
wealth and prosperity for all Tongans” (TRIP, 2013:4). 

Maldives 

(MTAC, 2013a) 

We will maintain Maldives’ position in world markets  
We will deal with environmental and conservation issues 

We will engage more Maldivians in tourism careers 

We will find sensible ways for communities to participate in tourism 
We will promote investment towards sustainable growth????? 

Growth and high product quality (MTAC, 2013). 

Seychelles 

(MTCPM, 2019) 
 

“Be a higher performing and inclusive Tourism Sector with greater inter-

sectorial linkages” 
 

1. Deliver superior economic performance;  

2. Develop the brand image;  
3. Promote sustainable tourism practices;  

4. Diversify the product offering; and  
5. Increase Seychellois participation in the tourism sector (MTCPM, 

2019:14). 

Barbados 

(HLA Consultants, 2014). 

…“to deliver an unmatched experience that is truly Barbadian, created by 
warm, welcoming, friendly people, ensuring benefits to the entire nation” (HLA 

Consultants, 2014). 

Source: MTTT, 2020; STA, 2014; TRIP, 2013; MTAC, 2013a; MTCPM, 2019; HLA Consultants, 2014 

Table 1 shows that all islands (except Maldives and 

Barbados) explicitly refer to the word 'sustainable' in 
their vision or main goals. However, the Minister of 

Tourism Arts & Culture of Maldives in the Maldives 

fourth tourism masterplan 2013-2017 (MTAC, 2013a: 
VII) states that he "wishes to see the successful 

implementation of the 4TMP, development of tourism 

in a sustainable manner contributing to the national 
development and Maldives remain a highly sought-

after competitive destination." For Barbados, despite 

their vision not explicitly indicating 'sustainability' but 
when the Government commissioned the Master Plan 



 
  

 

99 

for the Development of Tourism in Barbados (2014-

2023), it indicated as Terms of Reference, amongst 

other (HLA Consultants, 2014:8) to "Ensure the 
sustainable growth and development of the tourism 

industry to meet the current needs of Barbadians, 
visitors, investors, and other stakeholders." The 

mentioning of the concept of sustainability in the 

tourism plan/strategies indicates that, at least on 
paper, all islands are devoted to promoting 

sustainable tourism. Other islands also seem to follow 
a similar trend. In Mauritius, for example, the 

Mauritius Tourism Strategic Plan 2018 – 2021 states 

that its vision is to make Mauritius become "A leading 

and sustainable island destination" (SUS-ISLAND, 
2018:3). 

A different story, with similar trends, emerges 
related to the local community engagement. Although 

using different terminologies, all islands indicate the 

desire to involve local people and that the benefits 
should accrue to local people (see selected 

words/sentences in Table 2). 

Table 2 Selected words/sentences from Islands tourism plans/strategies 

Country / Document Vision / main approaches 

Trinidad and Tobago 

(MTTT, 2020). 

“… engage local communities, create economic opportunities and 

alleviate poverty” (MTTT, 2020:1). 

Samoa 
(STA, 2014) 

“… engages our visitors and people ” (STA, 2014:III). 

Tonga  

(TRIP, 2013) 

“… optimising wealth and prosperity for all Tongans” (TRIP, 

2013:4). 

Maldives 
(MTAC, 2013a) 

‘We will find sensible ways for communities to participate in tourism’ 
(MTAC, 2013). 

Seychelles 

(MTCPM, 2019) 

5. Increase Seychellois participation in the tourism sector (MTCPM, 

2019:14). 

Barbados 

(HLA Consultants, 2014). 
“… ensuring benefits to the entire nation” (HLA Consultants, 2014). 

  Source: MTTT, 2020; STA, 2014; TRIP, 2013; MTAC, 2013a; MTCPM, 2019; HLA Consultants, 2014 

Table 2 shows the concepts related to community 
involvement and local benefits, clearly indicating that, 

also in this case, at least on paper, all islands are 
dedicated to promoting local community involvement 

and benefits accruing to locals.  
Challenges remain. For example, the Maldivian 

Strategic Action Plan of Maldives fourth tourism 

masterplan 2013-2017 (MTAC, 2013:48) states how 
community participation is weak compared to other 

Asian countries, but that it can be facilitated (MTAC, 
2013:48). A case from St. Lucia indicates that the 

development "of local entrepreneurship and 

managerial capabilities is an extremely positive 
development that should be expanded and nurtured 

by government and the private sector through 
specific policies and advantageous lending programs" 

(Spinrad, 1982:89).  
The role of Government becomes fundamental to 

enhance local benefits, involve communities, and 

thinotheramongstlinkages,increase gs. 
thatpoliciesshouldGovernments promulgate

strengthen local tourism players (Sealy, 2018:88). 
The Government can help strengthen inter-sectoral 

linkages, encourage local entrepreneurship, and 

develop an indigenous craft industry (Sealy, 2018:88; 
UNWTO, 2004:14). The Government can specifically 

assist small-scale businesses with grants, loan 
training, and education (Sealy, 2018:88). 

Empowerment should be enforced as a right, and 

countries should make the environment conducive for 
community capacitation and decision-making for 

sustainability (Sofield, 2003: 89). Similarly, 
Government should have a vested interest and crucial 

role to play in CBT. For instance, Government should 
create a national policy framework that embraces CBT 

principles that facilitate good local governance, 

participation, inclusive planning, investment, control, 
ownership, empowerment, and just distribution of 

benefits (Tasci, Semrad & Yilmaz, 2013:80). About 
community participation, the Trinidad and Tobago 

National Tourism Policy mentions explicitly that the 

Government shall: "Develop viable models, policies 
and strategies for community-based tourism designed 

to encourage communities to own, develop, 
implement and manage feasible community-based 

development projects" (MTTT, 2010:28). 

Discussion and way forward 

New solutions are required. Business as usual 
solutions is not viable. Thus some suggestions are 

given here on how to overcome dependency and to 

move towards a more sustainable and inclusive/CBT 
tourism development in island states. These actions 

are based mainly on a strong cooperation 
perspective. Islands need to focus on the local in a 

context of cooperation among island states to 

'standardize' the development approaches while 
taking cognizance of the local context and putting in 
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place specific 'uniform' limits and parameters on 

foreign investment policies. Unity among them could 

reinforce their voice at the regional and international 
levels. The suggestions posited here should be 

developed by islands as a single entity and include: 
• Establishing specific islands policies related to 

sustainability and CBT 

• Establishing CBT offices/network – CBT hub 
for the Islands 

• Establishing limits and regulations on 
investment/incentives policies – this is meant to avoid 

the 'race to the bottom' – regulation on: 
o Labor standards 

o Environmental protection 

o Investment incentives 
o Minimum requirements on local 

supply – increase backward-forward local linkages 
o The limit and regulation of 

investment/incentives policies can be modelled to 

break away from the usual investment/incentives 
approach and advance an incentive approach based 

on the redistributive effort of a company (see for 
example the Investment Redistributive Incentive 

Model (IRIM) propose, Giampiccoli & Mtapuri, 2020) 
• Establishing uniform limits on foreign 

ownership   

• Establishing a specific common CBT 
organization to advance and enhance CBT in the 

islands 
• Establishing a joint fund to assist in 

sustainable/ CBT tourism development 

o This fund should also give special 
loans to small local entrepreneurs 

• Cooperatively apply for financial resources to 
international entities 

• Establishing a SIDS Common Tourism Market  

• Diversify and adjust the local 
agricultural/fisheries sector based on tourism 

requirements to increase the backward and forward 
linkages 

• Establishing common education institutions 
where students from various islands can study 

• Establishing common research tourism 

centers 
• Establishing a Common Disaster Recovery 

Centre 
• Establishing common tourism-related 

guidelines on: 

o Sustainability issues 
o Corporate Social Responsibility in 

tourism 
• Establish specific carrying capacity indexes 

based on 
o Social impacts 

o Environmental impacts 

o Local economic sector (i.e., 
agriculture) supply carrying capacity 

  

The supply capacity of the local economic sectors 

(i.e., agriculture, fisheries, or furniture) may also 

need to be expanded to decrease leakages and 
increase linkages. This can be done via a deliberate 

process of analyzing tourism supply chains to ensure 
that local people fully participate. An exercise of such 

a nature can be called the Local Economy Supply 

Carrying Capacity (LESCaCa) analysis and could be 
fundamental in increasing the benefits that derive 

from tourism. It is possible that based on this carrying 
capacity methodology, the number of visitors will 

decrease. However, it is also possible that linkages will 
dramatically increase to balance the loss of tourists.  

Each island will be able to advance its specific 

tourism strategy by recognizing and accepting these 
issues and their associated regulations. Competition 

amongst islands will happen within these proposed 
regulations to establish specific limits in the 

competition race.   

The commonality of the problems and challenges 
that SIDS encounter suggest that new ways of doing 

things are needed that would catalyze the tourism 
sector for the benefit of all island states in the various 

regional body to emerge from the suggestions above. 
The initiatives span education, research, disaster 

recovery, capacity building to the adoption of uniform 

policies that cover labour, the environment, and 
investments. An investigation into supply chains and 

their engineering to benefit locals has the dual benefit 
of decreasing leakages while enhancing backward 

and forward linkages. These initiatives will help to 

transform the tourism sector to benefit local players 
in terms of incomes, jobs, improvement in standards 

of living of locals, foreign currency earnings, and their 
retention as well as overall economic growth and 

development. For SIDS, operating and letting their 

communities live in silos increases their 
vulnerabilities.   

Conclusion 

This article presents suggestions on how SIDS 
should cooperate and advance local tourism 

strategies to foster more significant beneficial tourism 
impacts and shift the tourism sector towards a more 

sustainable CBT mode. The article highlights the 

various characteristics and challenges islands face 
about tourism. The article specifically pays attention 

to issues of leakages and ownership of the tourism 
sector, and it proposes that the tourism sector should 

be oriented towards a more inclusive/CBT approach 

to enhance its positive local impacts. Sustainability 
was looked at as all SIDS strives to achieve it as 

reflected in their visions and missions. Their 
smallness acts as both an advantage and a 

disadvantage. It is an advantage because its affairs 
are manageable, and a disadvantage because 

resources and expertise are thin. Their reliance on 
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tourism meant that sustainability is vital for their 

economies, communities, and their environments.  
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Abstract 

This study brings the results of comprehensive analysis aimed at 
finding the best tourist routes between twenty important tourism 
sites in Serbia: sixteen medieval monasteries at Fruška Gora 
Mountain, two other important monasteries in the area, and cities 
of Novi Sad and Belgrade as starting points of tours. Several 
travelling salesman problems are formulated and the shortest 
tours are found with the application of heuristic approach and 
genetic algorithm developed specially for this purpose. The best 
tour connecting all twenty sites of great tourist interest is firstly 
identified in strictly geographical terms by using GPS coordinates 
and orthodromic distances. This result, considered as the optimal 
in mathematical sense is not achievable in real circumstances, but 
can serve as target and be compared with any other solution 
obtained as if the touring all sites is made by car. In this study the 
distances between sites are based on node-to-node ground 
transportation infrastructure data downloaded from the Google 
Maps Service at Internet. Shortest tours respect topography of the 
area and can be used for planning tourist and other visits to 
monasteries and cities of national and international importance. 
The results of this study are considered as input to improvement 
of existing government policies affecting Serbian travel and 
tourism marketing. An approach is applicable elsewhere with open 
agenda for extensions and further improvements. 

Keywords: medieval monasteries; TSP; genetic algorithm; 
Fruška Gora Mountain, Serbia 

Rezumat. O abordare euristică pentru 
determinarea celor mai bune rute turistice pentru 
mănăstirile medievale Fruška Gora  din Serbia 

Acest studiu prezintă rezultatele unei analize comprehensive ce a 
avut ca scop găsirea celor mai bune rute care să lege 20 de 
obiective turistice importante din Serbia: 16 mănăstiri medievale 
din Muntele Fruška Gora, alte două mănăstiri din zonă și orașele 
Novi Sad și Belgrad ca puncte de plecare pe traseu. Au fost 
formulate mai multe problemele ale voiajorilor comerciali, cele mai 
scurte trasee fiind găsite în urma unei abordări euristice și a unui 
algoritm genetic dezvoltat special pentru acest studiu. Cel mai bun 
traseu care leagă toate cele 20 de situri de mare interes turistic 
este determinat mai întâi în termeni strict geografici, folosind 
coordonatele GPS și distanțele ortodromice. Acest rezultat, 
considerat optim în sens matematic, nu este însă fezabil în 
realitate, dar poate fi folosit ca un reper țintă pentru a fi comparat 
cu toate celelalte alte soluții obținute dacă s-ar folosi mașina 
pentru vizitarea tuturor obiectivelor. În cadrul acestui studiu, 
distanțele dintre diferite obiective au fost stabilite ținând cont de 
principalele noduri ale infrastructurii de transport rutier, datele 
fiind descărcate de pe Google Maps Service. Cele mai scurte rute 
țin cont de topografia zonei și pot fi folosite pentru planificarea 
vizitelor turistice și nu numai la mănăstiri și orașe de importanță 
națională și internațională. Rezultatele acestui studiu pot aduce o 
contribuție la îmbunătățirea strategiilor guvernamentale privind 
călătoriile în Serbia și marketingul turistic. Această abordare este 
de asemenea aplicabilă și în alte domenii, care permit extinderi și 
îmbunătățiri ulterioare. 

Cuvinte-cheie: Mănăstiri medievale, TSP, algoritm genetic, 
Muntele Fruška Gora, Serbia 

 

Introduction 

Fruška Gora is a mountain in the Autonomous 

Province of Vojvodina. Most of the area is 
administratively part of Serbia, with a small part on 

its western side that extends into eastern Croatia. 
Documents of Ottoman Empire (old Turkish Kingdom) 

mention 35 monasteries in territory which is now 
Serbian territory, out of which 16 are active at the 

Fruska Gora till today. Due to the large number of 

monasteries on one place, Fruška Gora is colloquially 
called Serbian Mount Athos (Bukvić, 2017). The Holy 

Synod of the Serbian Orthodox Church officially 
declared Fruška Gora the Holy Mountain in 2003 

(Kovacevic, 2017). Its 16 medieval monasteries are 

protected by the state as monuments of culture of 
exceptional importance since 1990. 

According to historical data, monastic 

communities in Fruška Gora region were historically 
recorded since the first decades of the 16th century. 

Legends, however, place their founding to the period 
between the 12th and 15th centuries. In the course 

of centuries of their existence, these monasteries 
sustained the spiritual and political life of the Serbian 

nation (Trišić, 2020; Škrbić & Milošević, 2012; Vujko 

et al. 2017). 
This study is aimed at exploring different travel 

options from the cities of Belgrade (capital of Serbia) 
and Novi Sad (capital of Serbian Autonomous 

province of Vojvodina) to 16 medieval monasteries at 

the Fruška Gora Mountain (fore after abbreviated as 
FGM). Two important monasteries in the area (near 

Novi Sad) are also included in the analysis because of 
their geographically convenient position for visiting. 
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Different travel options are explored and best 

travelling routes by car are identified as shortest 

distances in kilometres to help tourist and other 
sectors to plan efficient and energy saving travels and 

visits to historic and religious monuments of national 
and international importance. 

Finding the shortest routes between monasteries 

and cities is modelled as the Travelling Salesman 
Problem (TSP), well known classical combinatorial 

optimization problem (Holland, 1975; Lin & 
Kernighan, 1973). Several TSPs are formulated and 

solved using all relevant data on geographical 
positions of monasteries and cities. 

The TSP formulation is simple but to solve it can 

be quite difficult. In short, traveller starts at given 
node in the network of nodes and connecting links 

and has to visit all nodes just once before he returns 
to staring node. This tour should be the shortest, that 

is, optimal. TSP is NP-hard problem which cannot be 

solved exactly in polynomial time, especially if 
number of points in its solution space is very large. 

There are exact and heuristic algorithms developed to 
find optimal solution to the TSP, that is, to find the 

tour of minimal length. As correctly stated in (Potvin, 
1996), exact algorithms are computationally 

expensive because they are typically derived from the 

integer linear programming formulations of the TSP 
and must (implicitly) consider all solutions in integer-

discrete solution space before they can identify 
optimum. Commonly used exact algorithm is branch 

and bound with different relaxation methods when 

generating lower bounds on the optimal value 
(Padberg & Rinaldi, 1991). The main problem with all 

such algorithms is how to handle sets of sub tour-
breaking constraint which restrict the feasible 

solutions to solutions consisting of a single tour. The 

idea is to introduce constraint which prohibits sub 
tours, that is tours within subsets with less than total 

number of nodes (vertices) in the network of the TSP. 
Although there are good solutions in this direction, 

most often complete enumeration of solution space is 
necessary and therefore in recent times exact 

algorithms are not used. 

Although exact algorithms for solving the TSP 
were not of interest in this research, mathematical 

descriptions and associated discussions about solving 
procedures is useful to consult in order to get better 

insight into the reasons why heuristic algorithms are 

almost only used by researchers and practitioners. 
Interested readers can find a good reviews of exact 

and approximate algorithms in OR literature, for 
instance in (He et al. 2016; Laporte, 1992; Lawler et 

al., 1985; Muhlenbein, Gorges-Schleuter & Kramer, 
1988). 

Among different classes of heuristic algorithms, 

genetic algorithms (GAs) (Holland, 1975; Goldberg, 
1989; Brady, 1985; Cheng & Gen, 2019) are probably 

most popular. They are adaptive search procedures 

designed to simulate processes in natural systems 

and evolution processes following the survival of the 

fittest principle laid down by Charles Darwin. As such, 
they represent an intelligent exploitation of a random 

search within a defined search space and very 
efficiently solve extremely large TSP in reasonable 

computational times. GAs are widely studied since 

early 60s of the last century and applied in different 
fields of engineering, but also in biology, geography, 

chemistry and henceforth. With increase of 
computational power of modern computers, GAs 

successfully replaced traditional, exact, algorithms by 
outperforming them in many different ways, but 

especially by providing alternative methods to encode 

problems and use various heuristics to solve 
problems. 

Recent implementations of GAs as global search 
techniques include installing and running the same 

algorithm at more than one processor/computer. 

Parallel processing and sharing the best-so-far-found 
solution among processors/computers is known as 

elitist reproduction that enables diversification and 
migration of generations of candidate solutions, 

escaping from local optima and extremely efficient 
search for global optimum (Srđević, 2019). 

There is no general genetic algorithm. Rather, a 

specialized algorithm should be written for given 
problem using appropriate programming language 

and by following problem-oriented and evolution- 
inspired rules and heuristics; in addition to the main 

source code different shells and sub-routines can be 

added to perform specific tasks such as 
recombination, shuffling, generating random 

numbers, etc. 
In many experiments and applications GAs 

demonstrated outstanding performance in 

optimization (Talwo et al., 2013; Bolaños, Echeverrya 
& Escobar, 2015), not only as a function optimizers, 

but also as extremely efficient problem solvers. They 
are commonly considered as a computational analogy 

of adaptive systems and intelligent replication of 
parallel computing (Muhlenbein, Gorges-Schleuter & 

Kramer, 1988). More details on genetic algorithms 

and their applications can be found in (Cheng & Gen, 
2019; Talwo, 2015; Goldberg, 1989; Jain & Singh, 

2013; Srdjevic and Srdjevic, 2016; Srdjevic, 2019). 
Genetic algorithms are often used for solving the 

large TSPs that occur in many engineering and other 

fields. Although there are different classifications of 
TSPs in relation to heuristics, such as construction, 

improvement or composite procedures (Potvin, 
1996), there are also sub-classifications related to 

strictly problem oriented heuristics that lay 
somewhere between these classifications. GA-FGM is 

loosely based on the principles of the evolution via 

natural selection. It employs a population of 
individuals (tours connecting monasteries and cities) 

that undergo selection in the presence of mutation 
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and recombination (crossover) operators. A direct 

encoding scheme is used to model several TSPs and 

a fitness function to evaluate individuals is 
represented by sum of node-to-node distances. 

Reproductive success in creating individuals, 
randomly mating individuals as parents producing 

offspring and creating generations of new individuals 

propagated towards better solutions until global 
optimum (shortest tour) is found, are only few of 

desired outcomes of GA-FGM achieved in combination 
with different heuristics in multiple runs performed. 

Two computer programs are developed during this 
study period. For solving TSPs, the GA-FGM program 

is written to realize comprehensive computations 

required by genetic algorithm. Source and executive 

code of this program is not available. The other 

program named HAVDIS is used for calculating GPS 
orthodromic (great-cycle) distances and is available in 

either source or executive form. All programming is 
done in FORTRAN programming language. 

Monasteries and cities 

 

The 16 medieval monasteries at the Fruška Gora 

Mountain (Fig. 1) are concentrated in an area 
approximately 50 kilometres long and 10 kilometres 

wide. 

 

Fig. 1: Sixteen medieval monasteries at the Fruška Gora Mountain (Internet source: 

https://fruskac.net/rs/mapa)

Monasteries are referenced in this study in the 

following order: 
1. Rakovac (according to a legend written in 

1704 Rakovac was erected the monastery in 1498. 
The earliest historical records mentioning the 

monastery are dated to 1545/1546); 
2. Beočin (the time of founding is unknown; first 

mentioned in Turkish records dated in 1566/1567); 

3. Bešenovo (according to the legend, it was 
founded at the end of the 13th century. The earliest 

historical records about the monastery date from 
1545); 

4. Mala Remeta (the earliest historical records 

relating to the monastery are dated to the middle of 
the 16th century); 

5. Jazak (founded in 1736 and reconstructed 

from 1926 to 1930); 
6. Vrdnik / Ravanica (the present church in the 

monastery was constructed in the period from 1801 
to 1811).; 

7. Novo Hopovo (the first reliable mention of the 
monastery is dated to 1641); 

8. Staro Hopovo (the first reliable mention of the 

monastery dates back to 1545/1546); 
9. Grgeteg (founded in 1471. The earliest 

historical records about the monastery date back to 
1545/1546); 

10. Velika Remeta (traditionally, its founding is 

linked to the end of the 13th century. The earliest 
historical records about the monastery date to 1562); 

11. Krušedol (founded between 1509 and 1516); 
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12. Šišatovac (the foundation of the monastery 

is ascribed to the refugee monks from the Serbian 

monastery of Žiča. The reliable facts illustrating the 
life of the monastery date back from the mid 16th 

century); 
13. Petkovica (the earliest historical records 

mentioning the monastery are dated to 1566/1567); 

14. Kuveždin (the first reliable records of its 
foundation are dated in 1566/1569); 

15. Divša (founded in thre late 15th century. The 
earliest historical records about the monastery date 

to the second half of the 16th century); 
16. Privina Glava (according to the legends 

monastery is founded by a man named Priva, in the 

12th century. The earliest historical records about the 
monastery are dated in 1566/1567). 

There are two more important religious sites in 
picturesque cities and important touristic destination 

near the city of Novi Sad: Vavadenje Presveta 

Bogorodica, known also as the Upper Church 
monastery in Sremski Karlovci, and the Svetih 

Arhangela (Holly Arhangels) monastery in Kovilj. In 
the map at Fig. 1 they are identified as monasteries 

number 17 and 18, respectively. 
Two cities included in this study are Novi Sad and 

Belgrade, identified on the same map as locations 19 

and 20, respectively. Belgrade is capital of Republic of 
Serbia, approximately 80 km southern from Novi Sad. 

These cities are included because tourist or other 
purpose tours and visits to aforementioned 16+2 

Serbian religious sites would probably start from 

these two cities. Tour from Belgrade most often 
include Novi Sad, and on a way to it also visit to the 

monastery in Kovilj. From Novi Sad, after crossing the 
Danube River on a way to Belgrade and medieval 

monasteries in the Fruška Gora Mountain, tours often 

include monastery in Sremski Karlovci as an important 
religious and historic monument of Serbia and its 

cultural heritage. 

Problem statement 

 
There are thousands of billions of possible car 

routes connecting FGM in a ‘travelling salesman’ 
manner. Recall that Travelling Salesman Problem 

(TSP) is one of most popular linear programming 

optimization problems in combinatorial mathematics. 
The problem here belongs to this class of problems 

and is stated as to find the shortest tour (route) 
between n points in a connected network of 

monasteries and cities, assuming that traveller may 

start in any given point, visit all the others and return 
to his origin. Each point is to be visited only once, 

except starting/stopping point. If all points are 
connected by links and travelling is possible in both 

directions between any two points, assuming that 

distances are the same in either direction, then TSP 

is complete and symmetrical. 

Solution space for n points consists of n! closed 
paths. In combinatorial mathematics n! is the number 

of permutations of n elements without repetition. If 
there are 16 nodes in the TSP network, labeled by 

integers, then there are 16! = 20.92279x1012 possible 

closed loops connecting all nodes. The number of 
paths is slightly more than 20 trillion and to find the 

shortest one (or multiple paths with the same length) 
is not that easy task. In this study several TSPs has 

been solved with 20 modes and 20! = 
2.43291298x1018 large solution spaces. In principle, 

any TSP can be solved by enumerating procedure 

known as brute-force search through complete 
solution space. This process would be obviously 

tedious, and instead of it most often solutions are 
searched for by intelligent stochastic algorithms 

combined with certain heuristics. In later case 

candidate algorithms, besides genetic, are from the 
families known as ant colony systems (Dorigo & 

Stützle, 2019; Bonabeau, Dorigo & Theraulaz, 1999; 
Dorigo & Gambardella, 1997; Dorigo, Maniezzo & 

Colorni, 1996; Srdjevic, 2004), taboo search (Glover, 
1989 and 1990; Glover & Laguna, 1997), simulated 

annealing (Blagojevic, Srdjevic, Srdjevic & Zoranovic, 

2016; Laarhoven & Aarts, 1987; Aarts, Korst & 
Laarhoven, 1988), particle swarm optimizarion 

(Jahandideh-Tehrani, Bozorg- Haddad & Loáiciga, 
2020), among many others (e.g. Yang et al., 2016). 

In our study we defined a set of travelling 

salesman problems to enable analysis of travelling by 
car options between 16+2 monasteries and cities of 

Belgrade and Novi Sad. Problems are structured in a 
way to first find ideal shortest paths measured in 

kilometres and consider them as targets to be met 

along the best possible roads if one decides to drive 
the car and visit all the sites. GPS coordinates and 

Google Maps distances for all performed 
computations are downloaded from reliable Internet 

sources. 
Worth to mention is that a set of additional TSPs 

related to travelling by car and on foot and required 

times for doing that has been explored in initial phase 
of this study, too. A decision has been made however 

to postpone solving these problems for later times as 
an addition to analyses provided here that is related 

to only car travelling along national, regional and local 

transport infrastructure. 

Solution methodology 

Applied methodology in this research consisted of 

the following eight steps: 
1. review historical, cultural, religious and 

geographical documents and other sources of 
information about medieval monasteries at the Fruška 

Gora Mountain; 
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2. identify position of monasteries at the Google 

Maps internet platform and label them with integers 

1 through 16 in a direction from centre to East and to 
West. Also, identify position of two other important 

monasteries in the area and position of cities Belgrade 
and Novi Sad; 

3. download from the internet the GPS (Earth) 

spherical coordinates (latitudes and longitudes) for all 
20 nodes in corresponding network with 18 

monasteries and two cities; 
4. develop computer program and based on GPS 

coordinates calculate orthodromic (great-circle) 
distances in kilometres between all nodes in a 

network. Use Haversine formula to perform this task; 

5. download from Google Maps platform distances 
in kilometres between all 20 points for by-car 

travelling; 
6. develop genetic algorithm for solving general 

symmetric TSP and find optimal (shortest) tours - (a) 

between all 18 monasteries and two cities (with start 
and return to Belgrade) and (b) between city of Novi 

Sad and monasteries at Fruška Gora Mountain with 
start and return to Novi Sad; 

7. apply genetic algorithm and compute shortest 
routes between identified 20 sites for two types of 

distances - (a) orthodromic (spherical) and (b) on-

Earth as suggested by Google Maps; 
8. document the results of the study by describing 

the results textually and graphically, provide 
discussion and recommend future research. 

Genetic algorithm GA-FGM for solving TSPs 

For solving several stated travelling salesman 

problems (TSPs), the genetic algorithm GA-FGM 

(acronym of Genetic Algorithm for Fruška Gora 
Monasteries) is developed with pseudo-code shown 

in Fig. 2. 
Starting point in development of genetic algorithm 

was to adopt encoding scheme for the problem in 

hand, that is to define representation of network of 
nodes (vertices) and connecting links (edges) in the 

TSPs. Routes (tours with lengths expressed as 
distances in kilometres) through a given network of 

mutually connected monasteries and cities are 
encoded directly as permutations of integer numbers. 

In this research there are in total 17 or 20 nodes 

depending on particular TSP formulation. Therefore, 
GA- FGM is dimensioned to search any solution space 

with up to 20! = 2.43291298x1018 feasible tours 
between 18 monasteries and two cities. Tours are 

considered as chains of travelling segments between 

nodes (monasteries and cities) and the following 
search spaces are explored thoroughly by the 

algorithm: 
(A) Orthodromic distances in kilometres 
A1: Network with 20 nodes consisting of 16 

medieval monasteries at Fruška Gora Mountain + two 

monasteries in cities near Novi Sad + cities of 

Belgrade and Novi Sad. 

(B) Google Map distances in kilometres /travel by 
car 

B1: The same network as A1, but with Google 
Maps distances if travel between all nodes is made by 

car. 

B2: The 17 nodes network consisting of 16 
medieval monasteries + city of Novi Sad. Travel is to 

be made by car from Novi Sad to visit only 
monasteries at the mountain. 

Listed solution spaces could be even extended by 
introducing more nodes, for instance with durations 

of travels instead of distances in kilometres. As 

analogous spaces to B1 and B2, data related to 
travelling by foot in minutes are also available the 

Google Maps platform. These spaces and several 
other spaces (such as travel by car to monasteries 

only from Belgrade) were explored but not described 

here because of limits in presenting the results. There 
are possibilities to create other TSPs, for instance to 

explore distances of tours or their durations if travel 
is made from Belgrade to monasteries on foot; simply, 

Belgrade is too far from all monasteries and finding 
shortest tours has no sense with meaningful results. 

Recall that points in solution space explored by 

GA-FGM are in TSP terminology vertices to be visited 
exactly once. Because the shortest travelling route in 

TSP terminology is the shortest tour through a set of 
n vertices, the problem in each presented TSP was to 

find that shortest tour. Adopted direct encoding 

scheme in algorithm meant that vertices (monasteries 
and cities) are genes and tours are individuals or 

chromosomes. Each element of each tour is 
monastery or city, that is ’gene’, and chain of genes is 

a chromosome – tour. In other words, in GA-FGM 

gene is one monastery or city and individual 
(chromosome) is a chain of genes in given order. 

Analogous to biological inheritance, algorithm 
realizes two evolution operations: (a) crossover with 

given probability represented by or gene 
recombination, that is, a single-point exchange of 

strings of genes from two randomly selected 

chromosomes considered as parents to be sexually 
mated; and (b) mutation with very low probability, 

represented by randomly selected two genes within a 
single chromosome and exchange of their position. 

These operations are performed within given 

generation of chromosomes and uniform 
recombination pattern is used. 

Generating initial and all other generations of 
chromosomes requires defining number of individuals 

in each generation. This number is usually low, for 
instance 4 or 5 as we used it as parameter for running 

the algorithm. In the beginning, computer generates 

multiple random numbers uniformly distributed within 
interval (0,1), based on which (by sampling 

procedure), the initial set of chromosomes is created 
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in generation #1. This generation of individuals is a 

matting pool from which process of creation of new 

generations will evolve. 
Based on programmed strategy, computer 

randomly selects two chromosomes, consider them 
as parents and perform crossover and/or eventually 

perform mutation operation. Crossover always 

performs between two parents picked up from 
generation by tournament selection procedure. By 

single point random cut at parents’ genes, their 
segments of genes are swapped and two offspring 

are created. If some gen(s) are repeated within any 
offspring, circular inspection from left to right 

replaces duplicated genes with missing ones. 

Mutation occurs only with very low probability at 
randomly selected individual; two genes in this 

individual simply change their positions in a 
permutation. Mutation operation does not apply at 

individual selected earlier via elitist reproduction. If 

randomly computed probabilities for performing 
crossover or mutation operations are outside given 

boundaries, one (randomly selected) parent will be 
copied into the next generation; heuristic applied is 

that at least one recombination of genes must be 
performed in one generation. 

Each chromosome in generation has its own 

fitness, here represented as the total length of a tour 
(one feasible point in discrete space of all possible 

tours). Based on a survival principle, better 
chromosomes (shorter tours) will survive and will be 

propagated as members of the next generation. The 

average fitness of generation is a measure used to 
compare any two adjacent generations, but also for 

occasional checks if algorithm converged into the 
local optimum. To escape from possible traps (local 

optima), only the-best-so-far chromosome will 

survive (heuristic known as elitist reproduction) and 
other chromosomes will be eliminated. The new 

generation of possible solutions will be created with 
elite chromosome in it, and this strategy obviously 

corresponds to random jumps within solution space 
in search for better generations of better 

chromosomes (tours). 

Recall that any tour is a closed loop meaning that 
its starting point (gene) is also its end point. In GA- 

FGM fitness of given tour is its length along which 
traveller will visit monastery by monastery or city. In 

other words, fitness of a tour is a sum of distances 

(orthodromic or as downloaded from Google Maps) 
between genes in a permutation of monasteries and 

cities. Sum includes distance between the last and the 
first gene because the tour is a closed loop. Shorter 

tours by definition have better fitness and therefore 
are better candidates to be picked up for mating. 

Algorithm imitates natural process of selection by 

applying so called tournament selection; note that in 
this study, the algorithm did not use imbedded 

options for applying selection strategies known as 

’roulette wheel’ and ’rank based selection’. The 

tournament selection strategy is performed in the 

following way (pseudo code): 
1. choose d (the tournament size) individuals from 

the population at random; 
2. choose individual with the best fitness from the 

tournament with probability p; 
3. choose the second best individual with 

probability p(1-p); 
4. choose the third best individual with probability 

p(1-p)(1-p), and so on until mating poll is filled up. 
In GA-FGM applications tournament selection is 

performed with tournament size d = 1 and probability 

p = 0.7). Selection is in fact equivalent to random 

walk strategy and, in a way stochastic noise is avoided 
(which can be a feature of intelligent stochastic 

algorithms). 

 

Fig. 2: Pseudo code for GA-FGM genetic algo-

rithm 

Elitist reproduction strategy is implemented in a 
way that best chromosome in given generation is 

automatically copied into the next one, while the 
worst chromosome is eliminated with given 

probability q (in our applications q = 0.1) before 
mating starts; if it happen, eliminated chromosome is 

replaced with randomly generated new one. Elitism 

means that the best-so-far solution cannot be lost. 
Transition principle is preserved until the moment 

when better solution appears. Then, this solution 
becomes the elite solution and is propagated forward 

to the new generation. And so on, until solution 
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process is finished. Algorithm ends after given 

number of iterations or if solution process converges 

after pre-specified number of consecutive 
generations with the same average fitness. 

Pseudo code of GA-FGM algorithm is shown on Fig. 
2. Its source code in FORTRAN programming 

language has 1,467 lines. On standard PC platform its 

runs are completed in up to 5 seconds. 

Data, results and discussion 

The following two categories of data are 

downloaded from the Internet for medieval 
monasteries at the Fruška Gora Mountain, two 

monasteries near Novi Sad, and for cities Belgrade 
and Novi Sad: 

1. GPS (on Earth spherical) coordinates given as 

decimal degrees of latitudes and longitudes; 
2. Google Maps distances in kilometres for 

travelling by car across national, regional and local 
motorways (as suggested by Google Maps). 

The distances based on GPS data are computed 

by the Haversine formula. 

Distances between monasteries and cities 

Orthodromic distances 
There are different formulas for finding the short-

est distance between points on a sphere. This dis-
tance, measured along the surface of the sphere (as 

opposed to a straight line through the sphere's inte-
rior), is called the orthodromic distance or the great-
circle distance. Recall that the distance between two 

points in Euclidean space is the length of a straight 
line between them. Differently, on the sphere there 

are no straight lines and in such space there are only 
curvature straight lines which are replaced by geo-

desics. Geodesics on the sphere are circles whose 

centres coincide with the centre of the sphere, and 
are called great circles. 

Through any two points on a sphere that are not 
directly opposite each other, such as P and G in Fig. 

3, there is a unique great circle which is separated by 
two points into two arcs. The length of the shorter arc 

is the great-circle distance between the points; in Fig. 

3 this is represented by red segment of a circle u-v. 
 

 

Fig. 3: Sphere and orthodromic (great-circle) 

distance between two points 

If the sphere is Earth and two points are given by 

their sphere coordinates latitudes and longitudes in 

decimal degrees, to compute distance between points 
commonly used is the Haversine formula given as an 

Eq. (1). 
 

D = 3963·arc cos [(sin(lat1)·sin(lat2) + cos(lat1)· 

cos(lat1) · cos(long2-long1)] (km) (1) 
 

The first step in applying Eq. /1) is to convert the 
latitude and longitude values from decimal degrees to 

radians. To do this the values of longitude and latitude 
of points P (latitude1, longitude1) and Q (latitude2, 

longitude2) should be divided by 180/which is ap-

proximately 57.29577951. The result of division are 
coordinates of points P and Q in radians, that is P 

(lat1, long1) and Q (lat2, long2). The distance in kil-
ometers between points is obtained if coordinates (in 

radians) are inserted in Eq. 1. 

Example: 
For Belgrade (capital of Serbia) and Novi Sad (cap-

ital of Vojvodina Province in the northern part of Ser-
bia), co-ordinates in decimal degrees are: 

Belgrade: 44.6866 0N (latitude1)  
               20.4489 0E (longitude1)  

Novi Sad: 45.2671 0N (latitude2) 

         19.8335 0E (longitude2) 
After conversion into radians these values are: 

Belgrade: 0.77993 (lat1) 0.35690 (long1) 
Novi Sad: 0.79006 (lat2) 0.34616 (long2)  

and the distance computed by Eq. 1 is: 

DBG-NS = 80.68 km. 

Google Maps distances 

Google Maps service at the Internet offers many 
opportunities to find a route between selected points 

on the Earth, mapped in standard geographical way. 
Up to ten different points of interest can be defined 

and suggested route by car, train, or by walk can be 

suggested as the best with distance in kilometers and 
time required to travel. Google Maps does not offer 

optimization of ordering of points on the route. For 
our purpose it was enough to define two points on 

the map, for instance cities Belgrade and Novi Sad, or 
two monasteries, or city and monastery, and Google 

Maps offered the best routes by distance and time for 

various means of transport; for our study only 
distances for travelling by car were of interest. To be 

more precise, several alternative routes are 
commonly offered by Google maps and people usually 

select most desired or shortest when travelling 

around. 
This straight-arrow spherical distance of 80.58 km 

between Belgrade and Novi Sad can be compared 
with the ground optimal route distance of 93.70 km if 

travelling is made by car via highway E-75 (Belgrade 
– Budapest) and local roads. According to Google 
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Maps (see Fig. 4), increase in distance is 

approximately 16%. 

 

 

Fig. 4: Distance between Belgrade and Novi 

Sad (source: Google Maps) 

The TSP is formulated to consist of 20 nodes: 16 

monasteries at Fruška Gora Mountain + Sremski 
Karlovci monastery + Kovilj monastery + city of Novi 

Sad + city of Belgrade. By using spherical distances 

between points as computed by Eq. (1) described in 

sub-section 5.2, genetic algorithm identified the 
shortest tour of 251.31 km connecting nodes in the 

following order (Fig. 5): 
 

20 – 18 – 17 – 19 – 1 – 2 – 12 – 13 – 14 – 16 

– 15 – 3 – 4 – 5  – 6 – 7 – 8 – 9 – 10  – 11 – 20 
 

Starting from Belgrade, tour continues straight to 
Kovilj monastery (node 18), makes left turn to 

Sremski Karlovci monastery (19) and reach the city of 
Novi Sad (19). From Novi Sad, closest are two 

neighbour monasteries (1 and 2) to the south, across 

the Danube River. What follow is a visit to the group 
of five medieval monasteries on the west (12, 13, 14, 

16 and 15). The final part of tour is visit to the group 
of monasteries on the east (3 through 11) and return 

to Belgrade. 

 
 

 

Fig. 5: The shortest GPS (orthodromic) tour between 20 points

Solution space in this case consisted of 20! = 

2.4329020 x 1018 possible permutations of 20 integer 

numbers. Note that this number is with eighteen 
zeros (billion of billions). The best solution is found 

after 1,061 iterations in 4 seconds; to illustrate 
improvement of solution during GA-FGM run, several 

iterations are presented in Table 1. Close to global 

optimum is the solution obtained after 480 

generations. Length of this tour is 252.12 km, which 

differs from the shortest one (251.31 km) for only 810 
m. Heavy exploration of narrowed local solution space 

was necessary to handle the part of a tour between 
monasteries on the west with very small distances. 

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 1 (June 2021), pp. 104-117
http://dx.doi.org/10.5775/fg.2021.084.i



 
 

Heuristic Approach in Determining the Best Tourist Tours to Medieval Fruška Gora Monasteries in Serbia 

112 

Table 1: Partial output results for 20 points 

TSP problem (GPS) Identification of 

locations to be visited; 

Monasteris (1-16) + S. Karlovci (17)+Kovilj 

(18) + Novi Sad (19) + Belgrade (20) 

*** Generation # 1 *** Generation # 41 

Best tour is: Best tour is: 

20 10 1 8 17 15 3 5 2 13 
16 12 7 6 9 18 

20 8 18 19 14 15 16 12 13 3 4 
6 7 2 5 1 

19 14 4 11 17 10 9 11 

Tour length: 409.28 Tour length: 310.36 

*** Generation # 260 *** Generation # 326 

Best tour is: Best tour is: 

20 18 17 19 1 13 14 16 15 
12 3 4 5 6 2 7 

20 18 17 19 2 1 13 14 16 15 
12 3 4 5 6 7 

8 9 10 11 8 9 10 11 

Tour length: 265.69 Tour length: 259.31 

*** Generation # 480 *** Generation # 1061 

Best tour is: Best tour is: 

20 18 17 19 1  2 13 14 16 15 
12 3 4  5 6 7 8 

20 18 17 19 1 2 12 13 14 16 
15 3 4 5 6 7 

9 10 11 8 9 10 11 

Tour length: 252.12 Tour length: 251.31 

Shortest Google Maps tour between 20 
points 

With the distances across roads in the region, as 

downloaded from the Google Maps, genetic algorithm 

identified the shortest tour of 348.2 km connecting 

nodes in the following order: 

 
20 – 18 –  17 – 10 – 11 – 9 – 8 – 7 – 3 – 12 

– 13 – 15 – 16 – 14 – 19 – 2 – 1 – 6 – 5  – 4 – 
20 

 

Starting from Belgrade (node 20), this tour is 
heading straight to node 18 (Kovilj monastery), 

makes turn to the left to the node 17 (S. Karlovci 
monastery) and continues towards six of nine eastern 

medieval monasteries in order: Velika Remeta (10), 
Kriušedol (11), Grgeteg (10), Staro Hopovo (9), Novo 

Hopovo (8) and Bešenovo (3). Tour then continues to 

the ‘western group’ of monasteries in order: Šišatovac 
(12), Petkovica (13), Divša (15), Privina Glava (16) 

and Kuveždin (14). Travel should continue to the city 
of Novi Sad (19), monasteries Beočin (2) and Rakovac 

(1) across the Danube river with the final visit to three 

remaining eastern monasteries Vrdink/Ravanica (6), 
Jazak (5) and Mala Remeta (4). The final segment of 

the tour is travel to Belgrade (20). 
Solution space in this case has again 

2.4329020e+18 (more than two billion of billions) 
possible tours. The best solution is found after 1,612 

iterations. Initially generated solution was the path 

long 892.5 km. In next 315 generations much better 
solution is found (370.90 km) and in approximately 

400 next generations it is improved to 359.4 km. 

 

Fig. 6: The shortest Google Maps tour between 20 points 

The final search identified the shortest tour with 

length of 348.2 km. Several runs of the algorithm 

from different initial solutions, that is, from different 

starting points in extremely large solution space, did 

not identify any better solution. In accordance with 

premise that TSP solution found by approximate 
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algorithms can be suboptimal, in this particular case 

and with possibly very low uncertainty, the distance 

348.2 km is adopted as global optimum, that is, the 
shortest tour from Belgrade to 16 monasteries at the 

Fruška Gora Mountain, monasteries in S. Karlovci and 
Kovilj, including visit to the city of Novi Sad. 

Shortest Google Maps tour from Novi Sad to 
16 medieval monasteries 

Genetic algorithm identified the shortest tour of 
273.8 km which connects nodes in the following 

order: 

 
19 – 1 – 2 – 3 – 15 – 16 – 14 – 12 – 13 – 4 – 

5 – 6 – 7 – 8 – 9 – 11 – 10 – 19 
 

If travel by car from city of Novi Sad to 16 
monasteries (without visit to Belgrade) should follow 

distances suggested by Google Maps shortest 

distance of 273.80 km is less for about hundred 
kilometres than the analogous travel starting in 

Belgrade (379.4 km), analogously without visiting 
Novi Sad. The result is expected because monasteries 

are closer to Novi Sad. 

The shortest tour presented in Fig. 7 is global 

minimum of stated TSP. Interesting to note is that 

between several western monasteries at first glance 
seems that better than found best ordering (14 – 12 

– 13) could be visually more logical ordering (14 – 13 
– 12). Inspection of distances for these two sections 

shows that identified ordering (14 – 12 – 13) is 

shorter for 1.7 km. According to Google Maps 
suggestion for travelling and geographical position of 

monasteries Šišatovac (12), Petkovica (13) and 
Kuveždin (14), the order of visits found by GA-FGM is 

correct, as can be easily clarified by Fig. 8. 
To get better visual perspective of travelling by car 

from city of Novi Sad to visit all 16 monasteries at the 

Fruška Gora Mountain and get back to the city along 
the shortest tour found by GA-FGM algorithm (Cf. Fig. 

7), two segments of this tour identified by the Google 
Maps, are presented at Fig 9. The total travelling 

distance along two segments is 272.5 km and total 

duration of travelling (without stops!) should be 5 
hours and 56 minutes. Note that small difference 

between distance 273.8 km, computed as shortest 
tour by algorithm (Fig. 7), and distance of 272.5 along 

the same route computed by Google Maps (Fig. 9) is 
due to different reference points for periphery and 

centre of the city of Novi Sad.

 

Fig. 7: The shortest (by car) Google Maps tour between Novi Sad and monasteries at Fruška 

Goira Mountain (source: Google Maps) 

 

Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XX, Issue 1 (June 2021), pp. 104-117
http://dx.doi.org/10.5775/fg.2021.084.i



 
 

Heuristic Approach in Determining the Best Tourist Tours to Medieval Fruška Gora Monasteries in Serbia 

114 

 

Fig. 8: Geographical position and distances of monasteries Šišatovac (12), Petkovica (13) and 

Kuveždin (14) (source: Google Maps) 

 

 

Fig. 9: Shortest route between Novi Sad and 16 monasteries at Fruška Gora Mountain found by 

GA-FGM algorithm, as suggested by the Google Maps

CONCLUSIONS 

The Serbian monasteries known as 16 medieval 

Orthodox monasteries at Fruška Gora Mountain are 
important religious and cultural monuments 

witnessing national heritage for many centuries. 

These monasteries create unique group of sacral 

objects of Serbian Orthodox Church worth to be 
visited starting from Belgrade (capital of Serbia) or 

Novi Sad (capital of Vojvodina Province), two cities 

from where tourists and other interested people 
usually start their tours to interesting and/or 

historically important sites in the northern part of 
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Serbia. To this group of monasteries, worth to add 

were two more monasteries in corridor connecting 

Belgrade and Novi Sad: (1) Vavadenja Presvete 
Bogorodice Monastery in the city of Sremski Karlovci, 

and (2) the Holy Archangels Monastery in the city of 
Kovilj; these two cities and their monasteries are near 

Novi Sad and easily reachable from Belgrade. 

In this study, several travel options are explored to 
visit 20 sites by car (16 medieval monasteries at the 

mountain, two monasteries near Novi Sad, and cities 
of Novi Sad and Belgrade) following the shortest 

routes measured in kilometres. Each travel option is 
treated as a travelling salesman problem (TSP) with 

given set of sites to be visited. One option was with 

all 20 sites included, and the shortest possible length 
has been found for the tour connecting all sites. The 

GPS data are used and spherical coordinates of sites 
enabled finding the shortest tour, narrowed across 

the globe but not achievable in reality. Solution of this 

TSP may serve as ideal point or target in other related 
evaluations of real travelling options. Such option was 

to use distances suggested by Google Maps service at 
the Internet and solve related TSP with the same 

number of sites. Two TSPs with all 20 nodes are 
solved, and the shortest GPS tour found was 251.31 

km versus Google Maps tour of length 348.20 km. The 

difference of approximately hundred kilometres 
(38.6%) means that spherical solution, considered as 

ideal target, although not achievable, is good to know 
for any future actions in (re)constructing transport 

infrastructure according to existing topography. 

The third TSP included only monasteries at Fruška 
Gora Mountain and visit starting from Novi Sad 

(without visiting Belgrade). Corresponding network of 
TSP had 17 nodes (16 monasteries and the city), and 

the shortest tour is found by using the distance data 

suggested by the Google Maps Service for best 
available national, regional and local routes. 

Solved travelling salesman problems with 17 and 
20 nodal points in three presented cases are 

considered with great probability as global optima, 
although corresponding search spaces of possible 

tours are of sizes up to 1018 order. Best solutions are 

obtained after multiple runs of computer program 
which realizes genetic algorithm and applies many 

different heuristics. For instance, different crossover 
probabilities are used to enable escapes from local 

traps if solutions tend to be local optima. Elitist 

reproduction strategy is also consequently realized 
and reasonable mating pools of four parents are used 

for creating offspring in each reproduction phase. An 
important heuristic was also to assure random jumps 

to different regions of solution space followed by 
intensive exploration of local solutions in fully parallel 

processing environment. 

Collected and computed GPS and Google Maps 
data and presented heuristic approach to exploration 

of travelling option offer many opportunities in 

planning tourist and/or religious tours, or recreational 

tours such as family excursions, marathon events and 

other outdoor activities. ‘The results of this study 
could be useful for different stakeholders. Shortest 

routes identified in this research offer choices such as 
defining the shorter routes that will include only 

selected number of monasteries to visit in one day 

from Novi Sad or Belgrade. This is obviously realistic 
option for any individual or group of tourists. By 

tracing the route along the shortest one identified in 
our study, and by inserting it into the Google Maps 

(which permits only ten locations to include), it is easy 
to determine how much time is required for travelling. 

By adding stopping times for visiting monasteries and 

other sightseeing along the route one can plan the 
whole travelling event. To visit all 20 sights (cities and 

monasteries) in one turn is obviously too much for 
any tourist, no matter how keen he/she (or group) is. 

One of possible options is to combine several pieces 

of complete route and just follow the indications of 
shortest global (complete) route. This is in 

accordance with one of the basic principles when 
conceiving any tourist route: not to visit too many 

attractions in one day or in several consecutive days. 
Tourists usually make a selection of the flagship 

attractions and our study can be considered as a 

service on how to choose and make relaxing, 
interesting and reasonable time consuming visit to 

medieval Serbian monasteries in Fruška Gora 
mountain. Keeping in mind that tourists may have 

different interests we are not proposing shorter tours 

and allocating information on times required. We also 
decided not to include information about the time it 

would take to make a complete shortest tour because 
there are differences in handling spatial and temporal 

distances. Obviously it is an interesting topic for 

advanced studies and setting up an agenda for future 
research. Not used in this study, there are also data 

related to distances and durations for on-foot and by-
car travelling means that can be used for 

geographical, historical and other studies in different 
research agendas. 
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Abstract 

The potential of ecotourism certification system  has a promising 
development, considering increasing demands for 
environmentally friendly accommodation facilities for tourists on 
their vacations. The importance of the certification system and its 
impact or influence on the economic, social environment but also 
on the natural environment is a very big one. The opportunities 
offered by the certification activity are very wide, offering a 
number of advantages to the local communities, but also to the 
tour operators in the areas where such a system is implemented. 
That is why the standards regarding the ecological labeling have 
been developed and have been introduced in the national and 
regional systems of life cycle analysis of the products. 
The goal of the paper is to highlight the current situation, 
possibilities and approaches to ecological certification in tourism 
in Romania and to bring to the fore some fundamental elements 
regarding the ecological label. To determine the current attitude 
of the Romanian consumers towards the ecological labeling of the 
products, an questionnaire was carried out. It focused on 
identifying the perception of Romanian consumers towards the 
ecological label and how it influences their buying behavior. 
Based on the results of this research, we could observe the high 
level of notoriety of eco-labels among Romanian consumers, but 
also a nebulosity regarding the notion of eco-label, the uncertainty 
making its presence among our respondents. 

Keywords: eco-label, sustainable tourism, ecotourism, 
certification, consumers 

Rezumat. Certificarea și promovarea turismului 
durabil: atitudinea consumatorilor față de 
eticheta ecologică a UE 

Potențialul sistemului de certificare ecoturistică are o dezvoltare 
promițătoare, având în vedere cererile crescânde de facilități de 
cazare ecologice pentru turiști în vacanța lor. Importanța 
sistemului de certificare și impactul sau influența acestuia asupra 
mediului economic, social, dar și asupra mediului natural este 
foarte mare. Oportunitățile oferite de activitatea de certificare sunt 
foarte largi, oferind o serie de avantaje comunităților locale, dar și 
operatorilor de turism din zonele în care este implementat un 
astfel de sistem. De aceea au fost  elaborate standardele 
referitoare la etichetarea ecologică şi au fost introduse în sistemele 
naţionale şi regionale de analiză a ciclului de viaţă al produselor. 
Scopul lucrării este de a evidenția situația actuală, posibilitățile și 
abordările certificării ecologice în turismul din România și 
aducerea în prim plan a unor elemente fundamentale privind 
eticheta ecologică. Pentru a determina atitudinea actuală a 
consumatorilor români față de etichetarea ecologică a produselor, 
a fost aplicat un chestionar. Acesta s-a concentrat pe identificarea 
percepţiei consumatorilor români  faţă de eticheta ecologică şi a 
modului cum aceasta influenţează comportamentul de cumpărare 
al acestora.  
Pe baza rezultatelor acestei cercetări, am putut observa nivelul 
ridicat de notorietate al etichetelor ecologice în rândul 
consumatorilor români, dar și o nebulozitate în ceea ce privește 
noțiunea de etichetă ecologică, incertitudinea făcâdu-și prezența 
în rândul respondenților noștrii. 

Cuvinte-cheie: eticheta ecologică, turism durabil, ecoturism, 
certificare,  consumatori 

 

Introduction 

Tourism, being the world largest industry with a 
6% growth to 1,4 billion international tourist arrivals 

worldwide in 2018 (UNWTO, 2019) is highly 
connected to everyday and business practices and 

territories. Tourism has also become the most 

dynamically developing industry, being also one of the 
key factors in the development of regions. As such, 

moral concerns have been raised over the impact of 
tourism, as well as the hospitality industry, in terms 

of sustaining social life and the natural environment 

for the generations to come (Lovelock and Lovelock, 
2013).  

In terms of the tourism industry, it is considered 
to be better for the environment than other 

industries, but its size and large-scale presence in 
recent years have had negative effects on the 

environment, both physically and socially, so that in 
some destinations it has led to increased demands for 

a sustainable approach to tourism. Tourism has also 
a growing importance in the world economic, this is 

why in connection with it, the topic of environmental 

sustainability of tourism is discussed ever more often 
(Fulekaret. al,  2014, Rogers et.al., 2008, Mazilu 2011, 

Lóránt & Tünde, 2010, Jugmohan et.al. 2020). 
Tourism is an activity dependent on the 

environment. The environment is a fundamental 

element of the tourist experience, as tourists are 
looking for attractive, different or distinct 

environments, which can support specific tourist 
activities. At the same time, tourism is an avid 

resource; its development and practice consume 
resources, create waste and require significant 

infrastructure development, all of which can 

frequently, but not always or inevitably, contribute to 
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reducing, degrading or destroying tourism potential. 

Therefore, maintaining a healthy and attractive 

environment is essential for the long-term success of 
tourism, both in itself and, more importantly, as a 

potential vehicle for social and economic 
development. In short, environmental sustainability is 

a prerequisite for optimizing the tourism development 

potential. 
Sustainable tourism is considered to be an overall 

concept relevant to tourism, because it emphasizes 
achieving a special combination of numbers and types 

of visitors, the cumulative effect of their activities at 
a given destination, together with actions of the 

hospitality businesses, can continue into the 

foreseeable future without damaging the quality of 
the environment on which the activities are based. 

The connection between the environment and 
tourism is directly proportional, so it reflects an 

immediate consequence on the tourist activity, and 

the quality of the environment. They are very 
sensitive to the influence of human behaviour and 

management decisions as well as to natural processes 
of ecology and the emerging science and technology 

of measuring environmental impacts and responding 
to them. 

In an idealistic way, it was believed that through 

proper planning and management, not only could 
tourism be developed in harmony with the 

environment, but it could also be a process of mutual 
support. Therefore, the focus has been on the 

development of sustainable tourism as a means of 

maintaining a balanced relationship between tourism 
and the environment on which it depends, and also 

on implementing an ecotourism certification system, 
especially for tourist accommodation facilities and 

services, camping sites or destinations. 

Literature review  

Ecotourism certification systems 

Certification is defined as a voluntary procedure 
that evaluates, audits, and provides a written 

guarantee that a facility, product, process or tourism 

service meets specific standards. Those who meet or 
exceed basic standards are offered a commercial 

logo. Certification can be used as projects stimulating 
tourism subjects to increase their  economic, social, 

and environmental performance while being 

rewarded, tangible or intangible for these 
achievements.  The topic of certification has been 

addressed by many authors in their paperworks (Dinu 
et.al., 2012, Nicolae et.al., 2013, Dragomir et al., 

2018; Mazilu et.al. 2017a, 2017b, 2017c; Mazilu, 

Dumitrescu, 2012, Ryglová, 2007). 
The certification highlights three main areas: 

certification of systems, products and staff. The goal 
of the certification is to demonstrate that the specified 

requirements are met. The requirements are usually 

based on international standards. Those standards 

where developed by the Global Sustainable Tourism 
Council (GSTC) as a basis for the international 

recognition of certification standards and programs. 
The GSTC criteria serve as global benchmarks for 

sustainability in tourism. 

Between 1992 and 2002, over 60 ecotourism 
certification programs were developed, according to 

an ECOTRANS study requested by the World Tourism 
Organization (UNWTO). Most setting up their 

foundations in Europe. Initially most of the systems 
rated only accommodation units, then they began to 

expand their area by certifying all sectors and aspects 

of tourism. 

     EU Ecolabel or EU Flower 

The EU Ecolabel is the voluntary environment 
scheme of the European Union. This label of 

ecological excellence is granted to products and 
services that meet high environmental standards 

throughout their life cycle: from the extraction of raw 

materials, to production, distribution and disposal.  
The products and services that have received the 

ecolabel bear the well-known logo of the European 
flower that allows consumers - including public and 

private purchasers - to easily identify organic 
products (fig. 1). 

 

Fig. 1: The logo of EU Ecolabel 

Source: 
https://ec.europa.eu/environment/ecolabel/images/e
colabel.png 

Even if the logo is simple, the environmental 

criteria for obtaining it are harsh and only the best 

products, which are more environmentally friendly, 
have the right to carry the EU Ecolabel. 

An eco-friendly accommodation unit of the EU 
has: reduced production of energy, water and waste, 

favors the use of renewable resources and less 

dangerous substances and promotes environmental 
education and communication.  

An individual product / service must comply with 
all the criteria for the award of the European Ecolabel. 

Regardless of the product / service group, 
environmental requirements refer to air quality, water 

quality, soil protection, reducing the amount of waste 

generated, saving energy, managing natural 
resources, preventing global warming, protecting the 
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ozone layer, environmental safety, noise and 

biodiversity. 

The criteria underlying the award of the European 
Ecolabel encourage the application of best practices 

in order to protect the environment and population 
health and to recycle the products. 

Since 1992, since the start of eco-labeling, the 

number of companies that have applied for and 
received the ecolabel has grown every year, reaching 

1,575 in March 2019, showing an increase since 2016 
by 88%. A high frequency of eco-label use is found in 

France (307) and Germany (287) as we can see in 
figure no. 2, while, at the opposite pole we can find 

Romania and Finland with a number of 16 licenses 

(fig. 2). 

 

Fig. 2: EU Ecolabel Licenses Per Country 

Source: authors, based on European 
Commission, 2019 

Regarding the distribution of ecological labels 

according to the product/services group it is observed 
that tourist and accommodation services hold the first 

place with a percentage of 18% (282 eco-labeled 
products), followed by hard surface cleaning products 

with a percentage of 17,5% and and tissue paper with 
11% (Fig. 3). 

 

Fig. 3: The EU Flower by product/service 

group 

Source: authors, based on European 
Commission, 2019 

The use of the eco-label confers a number of 

advantages: 

 it aims at a sustainable society, as it 
contributes to reducing pollution, protecting and 

conserving the environment; 
 guarantees a high degree of reliability and 

credibility; 

 contributes to improving the image of the 
manufacturer; 

 Ecolabel is a good marketing tool, allows the 
development of these products at European level. 

Methodology 

The study is based on an in-depth documentation 
of the content of specialized books and, in particular, 

the consultation of web pages, especially Google 

Trends. The article aims to highlight the importance 
of ecotourism certification systems in the process of  

protecting the environment with respect to the 
impacts of tourism on the natural and socio-cultural 

environment, especially from the view of tourist 

services providers, through conceptual clarification of 
terms, using comparative methods, inductive 

analysis, etc.  
The research was carried out through a structured 

questionnaire, based on questions with pre-defined 
forms and orders. In this case, we can talk about a 

classic research, after the way of communicating with 

the respondents the questionnaires being 
administered personally. The questionnaire was 

applied through online sources, being emailed to 
participants. They belong to two different categories: 

people with studies in the field of tourism, most of 

them being students or graduates of the Geography 
department from Craiova, and the second category 

being people who do not have studies in the field of 
tourism, but whose likes to travel. 

A total of 100 people answered this questionnaire, 

30% of the participants being male and 70% female. 
The age of the participants varied, the category with 

the highest percentage (50%) being those aged be-
tween 18 and 34 years, followed by those aged be-

tween 35-44 years (30%) and those between 45-64 
years (20 %), the category over 65 years old having 

no respondent. 

Results and discussion 

The product groups for which criteria for awarding 
the Romanian eco-label are established are similar to 

the European ones. Also, the criteria for awarding the 
eco-label, promote above all: reducing energy 

consumption; reducing water consumption; reducing 

the amount of waste; favoring the use of renewable 
resources and substances less harmful to the 

environment; promoting communication and 
education in the field of environmental protection.  
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It is necessary to emphasize the lack of an 

"ecological culture" of the Romanians, as well as the 

lack of familiarity of the Romanian consumer with this 
type of products, but also their interest in the 

ecological label. This aspect is reflected by the 
attitude of the Romanian consumers towards the 

ecological labeling of the products. 

We present below a series of aspects regarding: 
the importance given to the factors of choosing the 

accommodation unit; the level of recognition of the 
eco-label; the importance of the eco-label in the 

purchase decision; the most important attributes 
specified by the ecological label; awareness of the 

symbol of the EU eco-label. 

Regarding the importance given to the factors of 
choosing the accommodation unit the main reasons 

for choosing an accommodation unit are the quality 
of the services (64%), followed by the price (22%), 

and with 7% of the answers, two attributes were 

situated on a level playing field (recommendations 
and the classification category) meanwhile, no one 

has chosen certification as an factor of choice of 
accommodation unit.  Romanian customers are 

willing to pay more for comfort, image, prestige, as 
determining factors in choosing the accommodation 

unit (Fig.4). 

 

Fig. 4: The importance given to the factors of 

choosing the accommodation unit 

Source: authors, based on research 

Regarding the level of recognition of the eco-label, 
most of the respondents heard about the eco-label 

(79%), while 21% did not hear about the eco-label 

(Fig. 5). The same goes with the awareness of the 
symbol of the EU eco-label, the share of those who 

have seen and heard about the eco-label symbol is 
equal to those who have heard of the eco-label 

(79%), and only 21% have not seen and heard about 

the eco-label symbol (Fig. 6). 
 

 

Fig. 5: The level of recognition of the eco-label 

Source: authors, based on research 

 

Fig. 6: The level of awareness of the eco-label 

symbol 

Source: authors, based on research 

When asked: Some products have an eco-label 

that certifies their ecological character. Which 

statement best characterizes this aspect?  among the 
responses of the Romanian consumers, there is a 

relatively high share of those who consider that 
ecological labeling plays an important role in 

purchasing decisions (50%). It is also relevant that 
the share of Romanian consumers who consider that 

eco-labeling does not play an important role in 

purchasing decisions is of high concern (21%), while 
the share of those who declare that they do not know 

or do not answer this question is of 29%. This makes 
us realize that the Romanian consumers understand 

very little the impact that the ecological label has on 

the environment (Fig.7). 
Subsequent to giving minimal explanations 

regarding the eco-label and the related measures, the 
subjects had to indicate the attributes of the impact 

of the eco-label. With 43% of the answers, the 
attribute "increases the degree of trust in the 

accommodation unit" is the first place, followed by 

"improves the image of the accommodation unit" with 
a weight of 36% and "is a guarantee of the services 

offered" by 14%. While, there were also respondents 
who felt that it had no noticeable impact (7%) (Fig. 

8). 
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Fig. 7: The importance of the eco-label in the 

purchase decision 

Source: authors, based on research 

 

Fig. 8: The attributes of the impact of the eco-

label 

Source: authors, based on research 

Analyzing all the results it is observed that the 

ecological label is insufficiently popularized among 

the Romanian customers. This was reflected in the 
fact that although some respondents claim that the 

eco-label plays an important role in purchasing 
decisions, they would not be willing to pay more for 

such services (14%). However, 86% of those who 

would be willing to pay more for such services is 
encouraging, because that means they associate the 

eco-label with the quality of the benefits (Fig.9). 
 

 

Fig. 9: The answer to the increase of the tariff 
of the tourist services with ecological 

label 

Source: authors, based on research 

From the ones presented above, there is a low    

degree of information regarding the ecological label 
of customers. Although many have heard of the eco-

label, no one has chosen certification as a factor in 
choosing an accommodation unit. As a result,    

awareness campaigns of Romanian consumers are 

needed through information campaigns. 
Promoting and publicizing the European eco-label 

among consumers must be achieved either through 
the development of a "green education" strategy in 

order to change consumer behavior in the purchasing 
process, or through the development of "marketing 

and advertising tools" to address to the specific needs 

of consumers. 

Conclusion 

The research results show the existing situation in 

Romania as regards the level of notoriety of            
eco-labels among people with or without studies in 

the field of tourism. As we saw the level of notoriety 

of eco-labels among the participants of our study is 
relatively high. But even if they recognize and are 

aware of what an eco-label is, this study made us 
realize that the Romanian consumers, in fact, 

understands very little of what impact an ecological 
label has on the tourism industry. A big part of them 

they associate the eco-label only with the quality of 

the benefits, without knowing what other benefits an 
eco-label can bring to a destination. 

The ecological label can be an extra image and an 
element of differentiation between the competing 

units, but it also represents a passport that authorizes 

the free movement of the organic products on the 
territory of Romania, increasing the number of 

consumers. 
That is why, for the general public to know and 

accept green products and services, it is essential for 

non-governmental organizations specialized in 
environmental protection and consumer 

organizations to be actively involved in informing and 
raising public awareness about eco-labeling. This can 

only be achieved through promotional actions and 
information and education campaigns at local, 

national level. 
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