


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

 

 

The journal Forum geografic. Studii şi cercetări de geografie şi protecţia 

mediului 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: 

DOAJ – Directory of Open Access Journals, EBSCO Publishing, 

Index Copernicus International, Scipio Scientific Publishing & 

Information Online, CrossRef, ULRICHSWEB - Global Serials 

Directory, IGU Journals Database. 

 

 

Associate Editors:  

Péter BAJMÓCY, Department of Economic and Human Geography, University of Szeged, H-6722 Szeged, Egyetem u. 2. Hungary 

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 

 

  

Editorial Advisory Board: 

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 

Sandu BOENGIU, University of Craiova, Romania 

Léon BRENIG, University of Brussels, Belgium 

Pompei COCEAN, Babeş-Bolyai University, Romania 

Lóczy DÉNES, University of Pécs, Hungary 

George ERDELI, University of Bucharest, Romania 

Robert FOVELL, University of California, USA 

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

Ioan IANOŞ, University of Bucharest, Romania 

 

Mirela MAZILU, University of Craiova, Romania 

Zvi Yehoshua OFFER, Ben-Gurion University, Israel 

Maria PĂTROESCU, University of Bucharest, Romania 

Maria RĂDOANE, Ștefan cel Mare University, Romania 

Milan RADOVANOVIĆ, Geographical Institute Jovan Cvijić, Serbia 

Recep EFE, Balikesir University, Turkey 

Maria REDEY, Eötvös Loránd University, Hungary 

Magdy TORAB, Alexandria University, Egypt  

Alina VLADUȚ, University of Craiova, Romania 

Nenad ŽIVKOVIĆ, Belgrade University, Serbia 

Zbigniew ZWOLIŃSKI, Adam Mickiewicz University (Poznan), Poland 

 

Editor-in-chef: Sandu BOENGIU, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania 

Executive editor: Liliana POPESCU, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania 

Assistant Editors: Cristiana VÎLCEA, Oana IONUȘ, Amalia BĂDIȚĂ, Daniel SIMULESCU 

University of Craiova,13, Al. I. Cuza Street, Craiova, Romania 
 
 

Cover photo: the Mehedinţi Plateau, Mehedinţi county, Romania (photo Vîlcea Cristiana)  

  
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://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 ptotecția mediului  
www.forumgeografic.ro   DOI: 10.5775/fg 

 

CONTENTS 
 
Volume 11, Issue 1 / June 2012 
 
 
Atmospheric Pollution by Iceland Volcano Lava Dispersion - the Brussels Case 

Zvi Yehoshua OFFER, Peter VANDERSTRAETEN, Leon BRENIG, Daniel CARATI, Yves LÉNELLE,  
Annick MEURRENS, Eli ZAADY ……………………………………………………………………………………........... 
 

 
5 

Adoption of NAMEA Air Emission Accounts in Hungary 
Roland TÓTH, Gábor VALKÓ, Áron KINCSES …………………………………………………………………………… 

 
11 

Using GIS in the Assessment of Landscape Visual Quality: a Methodological Approach Applied to Piatra 
Neamt, Romania 

Dan-Adrian CHELARU, Sergiu PLEȘCAN ................................................................................................................. 
 

 

19 

Industrial Landscape Expansion and Evolution in Bucharest’s District 4 
Delia Adriana MIREA, Gabriel VÂNĂU, Mihăiţă Iulian NICULAE, Cornelia DINCĂ .................................................. 

 

 

26 

Land Use Changes in the Bâsca Chiojdului River Basin and the Assessment of their Environmental Impact  
Răzvan ZAREA, Oana IONUŞ .................................................................................................................................. 

 
36 

Invasive Terrestrial Plant Species in the Romanian Protected Areas. Case Study: Fallopia japonica in 
Maramureş Mountains Natural Park. Romania 

Monica DUMITRAŞCU, Gheorghe KUCSICSA, Ines GRIGORESCU, Carmen-Sofia DRAGOTĂ, Mihaela NĂSTASE .. 
 

45 

The Evaluation of Geomorphosites from the Ponoare Protected Area  
Laura COMĂNESCU, Alexandru NEDELEA, Robert DOBRE …………………………………………………………… 

 

 

54 

Morphometric Features of the River Network From the Bârlad Catchment 
Ion ZĂVOIANU, Gheorghe HERIŞANU, Nicolae CRUCERU .................................................................................... 

 

 

62 

The Studineț Catchment (Colinele Tutovei). Indicators and Morphometric Correlations 
Ana-Maria IACOB ……………………………………………………………………………………………………………. 
 

 

71 

Changes in Air Temperature and Precipitation and Impact on Agriculture 
Nina NIKOLOVA, Milkana MOCHUROVA ................................................................................................................. 
 

 

81 

The Sediment Transport of Siret River during the Floods from 2010 
Florin OBREJA ……………………………………………………………………………………………………………….. 
 

 

90 

Rural Development Potential of Peripheral Areas – Case Study Bochov (Bohemia) 
Lucie PERLINGEROVÁ, Antonín VAISHAR ……………………………………………………………………………….. 

 

 

100 

The Functional Transformation of Settlements in Central Serbia 
Tamara LUKIĆ, Tanja ARMENSKI, Svetlana VUKOSAV, Nevena ĆURČIĆ …………………………………...……… 

 

 

109 

 
 
 
 
 
 

 

http://www.forumgeografic.ro/


Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XI, Issue 1 (June 2012), pp. 5-10 (6) 
http://dx.doi.org/10.5775/fg.2067-4635.2012.008.i 

© 2013 Forum geografic. All rights reserved. 5 

Atmospheric Pollution by Iceland Volcano Lava 
Dispersion - the Brussels Case 

Zvi Yehoshua OFFER 1, Peter VANDERSTRAETEN 2, Leon BRENIG 3, Daniele CARATI 3,  
Yves LÉNELLE 2, Annick MEURRENS 2, Eli ZAADY 4* 

 
1 

BGU, Department of Solar Energy and Environmental Physics, The Jacob Blaustein Institute For Desert Research, 
Ben-Gurion University, Beer-Sheva. Israel. 
2
 IBGE-BIM. Department of Environmental Management, Brussels Institute for Environment, Belgium. 

3
 ULB. Department of Statistical Physics, Université Libre de Bruxelles. Belgium. 

4
* Corresponding author, Agriculture Research Organization, Department of Natural Resources, Gilat Research Center, 

Mobil Post 2, 85280, Israel, email:  zaadye@volcani.agri.gov.il, Tel: +972 8 9928658, Fax: +972 8 9921242 

Received on <16-02-2012>, reviewed on <10-03-2012>, accepted on <10-04-2012> 

Abstract 

In April 2010 the Icelandic Eyjafjallajökull 

stratovolcano emitted large clouds of volcanic ashes 

that provoked chaotic situations for the air traffic of 

the Northern hemisphere. The impact of the 

resulting atmospheric pollution may have 

widespread effects on the health of the populations 

living in the affected regions. For this reason, the 

study of the airborne particles brought by the ash 

clouds must cover not only their concentrations 

expressed in μg/m3, but also their size, shape and 

chemical composition. Our results revealed that 

during the eruption days, some periods with a 

higher concentration of the coarse particles (between 

2.5 and 10 μm) were observed. The sphericity (R1) 

and roughness (R2) parameters showed specific 

characteristics of the particles, suggesting long 

distance of their origin. Furthermore,  an increase up 

to 4 times more in the At% of the elements K, Al, Ca, 

Na and Si, which characterize the felsic lava, was 

observed during the eruption period. 

Keywords: Iceland eruption, felsic lava, long distance 

transport, airborne particles, granulometery, 

micromorphology and chemistry 

Rezumat. Poluarea atmosferică datorată 
dispersiei lavei vulcanului islandez – cazul 
orașului Bruxelles 

În aprilie 2010, stratovulcanul islandez 

Eyjafjallajökull a aruncat nori mari de cenușă 

vulcanică care au generat situații haotice pentru 

traficul aerian din emisfera nordică. În urma acestui 

fenomen, impactul poluării atmosferice poate avea 

foarte multe efecte asupra sănătății populației care 

trăiește în regiunile afectate. Din acest motiv, studiul 

particulelor aeriene aduse de către norii de cenușă 

trebuie să cuprindă nu numai concentrațiile lor 

exprimate în μg/m3, dar și dimensiunea, forma și 

compoziția lor chimică. Rezultatele au arătat că în 

zilele erupției au fost înregistrate unele perioade cu 

concentrări mai mari ale particulelor macrogranulare 

(între 2,5 și 10 μg). Sfericitatea (R1) și rugozitatea 

(R2) au indicat caracteristici specifice ale particulelor, 

sugerând distanța mare față de locul de origine. Mai 

mult, în timpul erupției s-a înregistrat o creștere de 

până la 4 ori a elementelor K, AL, Ca, Na și Si, 

caracteristice lavei riolitice.   

Cuvinte-cheie: erupția islandeză, lava riolitică, 

transport pe distanțe mari, particule aeropurtate, 

granulometrie, micromorfologie și chimie 

 

Introduction 

Along the mid-oceanic ridges, two tectonic plates 

diverge from one another. New oceanic crust is 

formed by hot molten rock slowly cooling and 

solidifying. The crust is very thin along the mid-

oceanic ridges due to the pull of the tectonic plates. 

Iceland is a region of frequent volcanic activity, due 

to its location astride the Mid-Atlantic Ridge, where 

the North American and Eurasian Plates are moving 

apart, and also over the Iceland hotspot, which 

greatly enhances the volcanic activity. It is estimated 

that a third of all the basaltic lava erupted 

throughout the world in recorded history has been 

produced by Icelandic eruptions. The release of 

pressure due to the thinning of the crust leads to 

adiabatic expansion, and the partial mixing of the 

mantle causing volcanism and creating new oceanic 
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crust (Kristijansson et al. 1975; Mattsson and 

Hoskuldsson 2003).  

The Icelandic Eyjafjallajökull stratovolcano 

entered a new eruption phase in April 2010. The 

volcano has periodically emitted large clouds of 

volcanic ashes that provoked chaotic situations for 

the air traffic of the Northern hemisphere. As a 

consequence of the volcanic eruption in Iceland, on 

April 14, combined with the advection of air masses 

from the North, the air traffic over large areas of 

Western Europe was suspended, for security 

reasons, from the afternoon of Thursday April 15th. 

Lava is molten rock expelled by a volcano during 

an eruption. This molten rock is formed in the 

interior of some planets, including Earth, and some 

of their satellites. When first erupted from a volcanic 

vent, lava is a liquid at temperatures ranging from 

700°C to 1,200°C (1,300°F to 2,200°F). Up to 100,000 

times as viscous as water, lava can flow great 

distances before cooling and solidifying, due to its 

thixotropic and shear thinning properties.  

The densest minerals, ferro-magnesian silicates, 

form at the highest temperatures, whereas less 

dense minerals form when the magma cools down. 

Mineral types forming in molten rock often grow 

unrestricted to a very large size, and can have a fine 

crystal form. There are seven basic types of lava, 

which reflect the main types of volcanic rock which 

the lava is composed of: Basalt, Andesite, Dacite, 

Rhyolite, Carbonatite, Natrocabonatites, Komatite. 

Igneous rocks, which form lava flows when erupted, 

can be classified into three chemical types; felsic, 

intermediate, and mafic. Felsic (or silicic) lava 

Felsicor silicic. Most Silicic lava flows are extremely 

viscous, and typically fragment as they extrude, 

producing blocky autobreccias.  

The study of the airborne particles brought by 

the ash clouds should cover not only their 

concentrations expressed in μg/m3, but also their 

size, shape and chemical composition. Apart from 

the damage to the jet engines, an estimation of the 

impact of the resulting atmospheric pollution on the 

health of the populations living in the regions 

affected by the volcanic clouds can only be based on 

this kind of information.  

The objective of the present report is to provide 

data about the concentration, the micromorphology 

and the chemical components of the airborne 

particles brought by the ash clouds emitted during 

this exceptional volcanic phenomenon and found in 

the air of the Brussels urban region. 

Methods and Materials 

For this study we used specific methods and 

instrumentation that are adapted for the 

investigation of the proposed objectives. 

The Brussels telemetric network for air pollution 

consists of 11 measuring sites, situated in different 

urban environments: traffic, residential, industrial 

and urban background. The PM10 mass 

concentration is measured in six measuring sites: 

Molenbeek (R001), Berchem (B011), Uccle (R012), 

Brussels naval port (N043), Meudon park (MREU1) 

and at the Brussels Environmental Institute in 

Woluwe (WOL1) (Fig. 1). 
Evolution "PM10-Fdms" and PM2,5-Fdms" at Brussels Measuring Sites

Period : Wednesday 14 - Tuesday 20 April 2010
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Fig. 1: Evolution ”PM10-Fdms” and PM2,5-F” dms at Brussels Measuring Sites  

             (Period: Wednesday 14 – Tuesday 20 April 2010) 
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With the exception for the WOL1 site, the mass 

concentration for PM2.5 is measured along with 

PM10 in five of the six PM10 measuring sites. All 

PM mass concentration instruments are continuous 

TEOM 1400Ab analyzers (Tapered Element Oscillating 

Microbalance), equipped with FDMS 8500 system 

(Filter Dynamics Measurement System). Thus, the 

dynamic evolution of the mass concentration can be 

followed, while the mass concentration results on a 

24-hour basis are relatively close to those of the 

gravimetric reference method. At the Brussels 

Institute for Environmental Management (WOL1), 

the particulate number concentration, expressed as 

the number of particulates per liter air, is also 

measured for 31 different classes, ranging from 0.25 

μm to 32 μm, by means of a Grimm Laser light 

scattering spectrometer, model 365.   

At two of the PM10 measuring sites (Uccle and 

Woluwe), and at the local university (ULB) particles 

were also collected on filters by use of low volume 

samplers, in order to investigate for their physical 

and chemical properties. 

The analysis of the particles was performed by 

taking into consideration the fact that particles 

smaller than 2.5-3μm, constitute a health hazard by 

their simple presence, regardless of their 

mineralogical and chemical composition (Buringh 

and Opperhuizen 2002; Harrison et al. 2001; 

Ruuskanen 2001). In addition, the chemical 

compositions of the particles were analyzed by 

Scanning Electron Microscopy (SEM), X-Ray 

diffraction and light polarizing microscopy. 

Estimation of particle size distribution for a large 

number of particles was based on their planar 

projection in a JSM 5410 JEOL scanning electron 

microscope (Franck and Herbarth 2002).  

Our estimation of the particle size distribution is 

a result of particle projection on a plane. The value 

of the particle area, A [in square micrometer], is 

defined as the surface of the particle enclosed within 

the projected border, P (the perimeter in 

micrometer). This must be compared to the classical 

size parameter that is the diameter (D) of the 

smallest circle enclosing the whole plane projection 

of the particle (Alshibli et al. 2004; Vanderstaeten et 

al. 2008). Using SEM, a series of parameters were 

measured on a large number of particles: the 

projected surface (A, in square micrometer), the 

projected perimeter (P, in micrometer) and the 

projected long and short axis (L1 and L2, in 

micrometer). From these values, two dimensionless 

ratio parameters, R1 and R2, were computed for a 

large number of particles (Zaady et al. 2009), 

characterizing the roughness and the elongation of 

the particles.  

The first parameter, R1 [in micrometer], is 

defined as R1=4πA/P2. This parameter characterizes 

the irregularity of the contour of the particle, i.e. the 

roughness of the particle surface, as compared to the 

smoothness of a perfectly spherical surface (Alshibli 

et al. 2004; Vanderstraeten et al. 2008). This quantity 

equals the value of 1 when the projection of the 

particle on the surface analyzed by the microscope is 

a perfect circle (Zaady et al. 2009). The second 

parameter R2 refers to the elongation of the particle 

and corresponds to the projected major axis, L1, 

divided by the minor axis, L2, of the smallest ellipse 

enclosing the planar projection of the particle.  

The nature of the filter sampling is such that the 

particles that are captured must have a linear size 

between 1m and 10m. Particles larger than 10m 

almost systematically rebound from the filter, whilst 

most of the particles smaller than 1 m pass through 

it without being captured.  

Statistical analysis - The statistical analysis 

concerns the particles collected on filter at three 

measuring stations Uccle, Woluwe and ULB located 

in the Brussels urban area, in order to characterize 

the difference in area and shape of atmospheric 

particles collected on the 16th, 17th and 18th of April 

2010. One-way ANOVA, with Tukey test (Sokal and 

Rohlf 1995) was used to test differences in parameter 

means between the sites and days. Differences were 

considered statistically significant when P<0.05. Our 

comprehensive approach allowed us to calculate the 

particle size distribution, their roughness and 

sphericity and compare between the data regarding 

the changes in the chemical element compositions 

throughout the whole year, during normal period as 

expressed by non agriculture period (April) and 

during the eruption period (Vanderstraeten et al. 

2007; Zaady et al. 2008). 

Results 

Following the eruption on April 14, 2010, the 

PM10 and PM2.5 mass concentration measured at 

the surface in Brussels did not exhibit any unusual 

concentration level (Fig. 2). The PM10 levels were 

normally higher than those of the PM2.5 and the 

differences observed between the PM10 levels, 

measured at different sites for most of the time, 
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express the typical local influences. However, on 

Friday, April 16th between 16:00 and 19:00 h UT and 

on Sunday, April 18th between 14:00 and 19:00 h UT, 

the PM10 mass concentrations at the different 

measuring sites were quite similar and the 

differences between the PM10 and the PM2.5 levels 

were much more pronounced than during the rest of 

the considered period. 

Number of Particulates    ">2.5 µm"    ">3.0 µm"    ">3.5 µm"    ">4.0 µm"
Period : Wednesday 14 - Tuesday 20 April 2010
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Fig. 2: Number of Particulates “> 2.5 μm”  “> 3.0 μm”  “> 3.5 μm”  “> 4.0μm” 

                 (Period: Wednesday 14 – Tuesday 20 April 2010) 

 
During the two periods (between the eruption 

period and the regular airborne particle dynamics in 

Brussels Capital Region), the particulate number 

concentrations for the coarser fractions peak, as 

illustrated by Figure 3, representing the particulate 

number concentration for some classes: “>2.5 μm”, 

“>3.0 μm”, “>3.5 μm” and “> 4.0 μm”. In both 

figures (2 and 3), the two periods are indicated by 

small horizontal lines just above the top of the 

peaking concentration. The peak measured on April 

20th could also be partially due to the eruption, but 

not exclusively, since important differences in the 

concentration level are observed between the PM10 

concentrations at different stations.  

   
Fig. 3: Comparison between the atmospheric chemistry 

composition during the whole year, during non agriculture 

period and during the eruption period 

Comparison between the atmospheric chemistry 

composition during the year, during non agriculture 

period and during the eruption period showed an 

increase of up to 4 fold in the At% of the elements K, Al, 

Ca, Na and Si (Fig. 3) for the eruption period.  

The R1 (sphericity) on the three main days of the 

eruption period was three times higher than that found 

throughout the whole year and the non agriculture 

period, while the R2 (roughness) was lower by a factor 2 

during the eruption period compared to the other two 

periods (Table 1). 

 
Table 1 The micromorphological characteristics (R1 and 

R2) of the airborne particles during the 16, 17 and 18 April 

2010 in Brussels 

Period of 

measurement 

Sphericity 

R1=(Long/Short) 

Roughness 

R2=(4 2) 

During the 

whole year 
0.46±0.2 1.33±0.4 

Non 

agriculture 

period 

0.42±0.1 1.29±0.3 

Eruption 1.46±0.4 0.72±0.1 
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Discussion 

Measurements to obtain PM10 concentrations by 

means of R&P TEOM 1400Ab continuous 

instruments were performed at six different sites in 

the Brussels Capital Region. Three of these sites are 

representative for the general activities in the city 

(traffic, domestic heating, business and commercial 

activities), a fourth one is situated in an industrial 

area (city naval port) with a lot of traffic and two 

additional sites are situated in typical city residential 

environments. The granulometry was measured at 

the Woluwe site (WOL1), while the 

micromorphology and the chemistry were measured 

only in the sites with the filter sampling system; 

Uccle (R012), Brussels University (ULB) and the 

Brussels Environmental Institute (WOL1).  

The observations obtained, especially those on 

April 16 and 18, support the idea that a common and 

distant source, situated outside the Brussels urban 

area, is responsible for the amount of the coarser 

particulates (PM 2.5 to 10). Nevertheless, as for the 

concentration of airborne particles, very high PM10 

concentrations in the past have been reported 

during agriculture activity periods (the harvesting 

and sowing of wheat, corn and barley) 

(Vanderstraeten et al. 2007; Zaady et al. 2008) and by 

advection of Sahara sand. Similar to that, during the 

eruption period PM10 particles were predominant 

to PM2.5. 

Our main results concerning the airborne particle 

micromorphology and chemistry showed a possible 

temporal correlation between the eruption period 

and the regular airborne particle dynamics in 

Brussels Capital Region (Zaady et al. 2010). These 

results are complemented by a previous study, 

which compared the non agricultural work periods 

(April) with the whole year round (Fig. 3). At least 

for two short periods the principal origin of the 

airborne particles is likely to be found in combustion 

processes (volcanic eruption). The high thickness 

and strength of the airborne particles, of the 

eruption period, were the result of their chemistry, 

which are high in silica, aluminum, potassium, 

sodium, and calcium, suggesting that their origin 

were from the Icelandic Eyjafjallajökull felsic 

stratovolcano. These chemical elements form a 

polymerized liquid rich in feldspar and quartz, 

which thus has a higher viscosity than other magma 

types (intermediate, mafic and ultramafic). 

 

 

Conclusion 

 During the eruption period high concentrations 

of large particles of PM10 were found. 

 An increase of up to 4 fold in the At% of the 

elements K, Al, Ca, Na and Si, which characterize 

the felsic lava, was observed during the eruption 

period.  

 The R1 (sphericity) and R2 (roughness) 

parameters showed specific characteristics of the 

particles suggesting a long distance from their 

origin. 
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Abstract 

The current phenomena of accelerating climate 

change and global warming has urged scientists and 

policy makers to devise a comprehensive and 

reliable system to identify the main causes and 

sources of the adverse processes. NAMEA (National 

Accounting Matrix including Environmental 

Accounts”) developed by EUROSTAT has gained in 

popularity as it highlights the impacts of societal 

action on the environment by linking economic 

indicators to environmental material flows. The 

paper reports on the work done in the Hungarian 

Central Statistical Office to adopt and further 

develop the NAMEA system and demonstrates the 

crucial changes occurred in the emission of the major 

pollutants between 2000 and 2009 taking into 

consideration economic indicators. 

Keywords: air pollution, NAMEA system, pollutants, 

environmental economic profiles. 

Rezumat. Adoptarea conturilor MCNCM pentru 
emisiile atmosferice in Ungaria  

Fenomenele actuale de accelerare a schimbărilor 

climatice și încălzirii globale au obligat oamenii de 

știință și autoritățile să conceapă un sistem 

cuprinzător și fiabil pentru identificarea 

principalelor cauze și surse ale acestor fenomene 

adverse. MCNCM (Matricea Contabilității Naționale 

cu Conturile de Mediu) elaborată de EUROSTAT a 

devenit tot mai populară, întrucât pune accentul pe 

impactul activității societății asupra mediului, 

legând indicatorii economici de fluxurile de mediu. 

Articolul prezintă rezultatele activității desfășurate 

în cadrul Oficiului Central de Statistică din Ungaria 

pentru adoptarea și dezvoltarea continuă a 

sistemului MCNCM și demonstrează schimbările 

cruciale care s-au produs în emisiile unor poluanți 

majori între 2000 și 2009, având în vedere și 

indicatorii economici. 

Cuvinte-cheie: poluarea aerului, sistemul MCNCM, 

poluanți, profile economice de mediu 

 

Introduction 

The most important task of environmental policy 

nowadays is to mitigate the adverse effects of climate 

change (Hardy, 2003). Since air pollution 

considerably contributes to the unfavourable process 

of climate change, it is crucial to be dealt with (OECD, 

1995). In order to succeed in tackling air pollution, 

emissions need to be assigned to economic sectors, 

helping the elaboration and implementation of 

environmental policies (Rácz, 1999). 

National Accounting Matrix including 

Environmental Accounts (NAMEA) is used to 

highlight the impact of the society on the 

environment. Developed by EUROSTAT, the 

NAMEA system builds on national accounts to give 

detailed insight into the performance of each 

economic sector and the harmful effects of 

production and service provision. NAMEA is a 

complex model containing data of numerous 

environmental domains (air, water, waste, etc.), 

which are compared with economic parameters. 

The European Strategy for Environmental 

Accounting (ESEA) regards Air Emissions Accounts 

as a core module of Environmental Accounts. Air 

Emissions Accounts record and present data on air 

emissions in a way that they are compatible with 

traditional economic statistics. They record 

emissions in a breakdown by emitting industries 

and private households activities as delineated in 

National Accounts. Air Emissions Accounts are 

linked to the framework of Supply, Use and Input-

Output Tables enabling numerous analytical 

applications. Such kind of integrated environmental-

economic analyses are in high demand in the wider 

mailto:roland.toth@ksh.hu
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policy area of sustainable development (e.g. Lisbon 

Strategy, EU Sustainable Development Strategy, 

Global Climate Change, EU policies on Sustainable 

Consumption and Production etc.). 

Beforehand, the HCSO had data on the most 

common air pollutants – 3 greenhouse gases (CO2, 

CH4, N2O) and 3 acidifying substances (SO2, NH3, 

NOX) and non-methane volatile organic compounds 

(NMVOC) –, covering 5 years (2000-2004). Data 

were combined with economic variables based on a 

simplified version of industry classification. 

The main aim of the project was to further study 

the methodology of the compilation of the new 

NAMEA air tables, and assess the changes occurred 

in the emission of the major pollutants.  

The objectives of our work were as follows:   

 implementation of a complex, relevant, 

maintainable system of the air emission part of 

NAMEA at the Hungarian Central Statistical Office,  

 compilation of national economies’ emissions in 

a breakdown by emitting economic activities for 

Hungary in time series from 2000 to the latest 

possible year (2009),  

 analysis of the results.   

Methodological background 

In December 1994, the European Commission 

submitted a report - ‘Guidelines of the European 

Union concerning environmental indicators and 

‘green’ accounting: the integration of environmental 

and economic systems’ - to the European Council 

and the European Parliament to describe the 

relationship between the economic and social 

system on the one hand, and the economic system 

and the environment on the other hand. In autumn 

1996, the EUROSTAT and the national statistical 

offices of most Member States agreed upon projects 

on the production of NAMEA tables (National 

Accounting Matrix including Environmental 

Accounts). 

The basic idea of NAMEA is to merge economic 

and environmental data in a consistent way, so it 

allows for direct comparison of parameters from 

both ranges on a sectoral level. The core of the 

framework is a set of tables of economic data and to 

form a national accounting matrix (NAM) as 

compiled in national accounts. The environmental 

accounts (EA) comprises tables containing data in 

physical units (mass, volume or energy units). The 

presentation of the data is based on the classification 

of economic activities, i.e. on NACE (Nomenclature 

générale des activités économiques dans les 

Communautés Européennes) Rev. 1 including 

private households. Thus, the economic 

performance (e.g. gross value added, persons 

employed) can be linked to the resources used for 

production or to the emissions generated (e.g. air 

pollutants, waste, waste water) in a given year. 

This perspective can be used for scientific 

analysis and to assessment policy measures by 

comparing the sectoral performance either over time 

or across countries and the distance from emission 

reduction targets can also be determined. NAMEA 

helps to identify the sources of air pollution, too. 

This system allows an analysis of the performance of 

an industry where the emissions are normalised by 

the size of the economy. If a particular industry 

exhibits a development (e.g. measured as CO2 

emissions per million € output) that diverges from 

its past performance or from the average of the EU 

average, the reasons for the differences need to be 

investigated. The variations can be due to 

heterogeneous industry classifications, structural 

differences or technological changes.  

The major advantage of the NAMEA Air Emission 

Accounts is the possibility to interlink data on air 

emissions with macroeconomic or even social data. 

That means a coherent set of environmental, social 

and economic indicators can be derived with a high 

degree of international comparability of the results 

and all indicators are closely linked to one another. 

This is a key basis for integrated economic and 

environmental analysis and modelling, including 

cost-effectiveness analyses, scenario modelling and 

economic and environmental forecasts. This 

integrated framework allows sectoral policies and 

indicators to be a part in a comprehensive economic, 

social, and environmental context.  

In 2000, a set of NAMEA for air emissions 

standard tables was prepared by EUROSTAT and 

was finalised at the fourth NAMEA workshop. 

These tables focusing on air emissions also covered 

some economic data, but they were not to be 

reported in a matrix format. The standard tables 

were revised in 2002 in order to improve the 

comparability of data between countries as well as 

with other air emission statistics. Meanwhile all 

Member States have become involved in the 

compilation of air emission accounts for NAMEA. 

Some produce and publish NAMEA data on an 

annual basis, for other EU countries the compilation 
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is still at the stage of pilot applications. In 2005 

EUROSTAT published the "NAMEA for Air 

Emissions - Compilation Guide" and in 2009 „The 

Manual for Air Emissions Accounts”. The guides 

introduce the basic principles that apply in the 

NAMEA framework in general and provide an in-

depth presentation of the methods on which the two 

main approaches used by EU countries in the 

compilation of air emission accounts are based.  

Regarding the history of compilation of NAMEA 

in Hungary it is necessary to mention the 2-year 

bilateral co-operation established between the Dutch 

and Hungarian statistical offices (CBS-HCSO) in 2003 

and the NAMEA grant project in 2005. The main 

result of the previous projects in Hungary was the 

compilation of the air emission part of the NAMEA 

tables for the years 2000 and 2004, thus completing a 

short time series and creating a draft version of the 

NAMEA Air Emission Accounts with a detailed table 

consisting of all required economic variables and air 

pollutants. We can highlight that at the present stage 

the Hungarian NAMEA follows a so called “light 

version” with respect to the combination of emissions 

and economic data following the NACE classification 

of economic sectors.  

Principal structure of the calculation 

For calculating emissions, the residence principle 

has to be taken into account. The concept of 

residence in National Accounts is not based on 

national or legal criteria. An institutional unit is said 

to be a residence unit of a country when it has a 

centre of economic interest in the economic territory 

of a country. 

Consequently, emissions stemming from the 

economic activities of resident units have to be 

accounted for rather than those stemming from 

sources on the national territory. Conversely, all 

emissions by non-resident entities on national 

territory (foreign lorries and tourists) have to be 

excluded. In short, Air Emission Accounts record 

emissions arising from all resident unit’s activities, 

regardless from where these emissions actually 

occur geographically. 

Methods for calculation of air emissions 

In general, the Air Emission Accounts belong to 

the block of physical supply of residuals. Air 

emission in EUROSTAT’s Air Emission Accounts 

relate to those physical net flows of gaseous or 

particulate matters that origin in the economic 

system and are released into the atmosphere and 

remain suspended in the air for substantial time. 

For compiling Air Emission Accounts, two main 

compilation approaches can be distinguished 

(Eurostat, 2009). The “inventory-first approach” 

starts from existing national emission inventories, 

which are compiled to report to international 

agreements on emissions of air pollutants and 

greenhouse gases, and re-arranges those data to a 

format compatible with National Accounts.  

The “energy-first-approach”, what our system 

was also based on, starts from energy statistics 

which are re-arranged to Energy accounts from 

which air emissions are calculated using certain 

emission factors. 

Regardless of the compilation approach applied, 

there are two steps required when compiling Air 

Emissions Accounts. These two generic compilation 

steps are as follows: 

 Adjusting the system boundaries to correspond 

with those of National Accounts (geographic versus 

economic system definition), and 

 Assigning the environmental data to economic 

activities (industries and households) actually 

inducing respective energy uses and/or air 

emissions. 

Irrespective of the starting point, allocating data 

to economic activities requires the use of auxiliary 

data to help distribute the figures from one 

classification system to another. Generally one 

attempts to find a relationship between the two 

categories that is as close as possible to the data to be 

distributed. If nothing specific can be found then 

employment or production output is used as a last 

resort. 

 

 

Fig. 1: Schematic overview on two generic compilation 

approaches for Air Emissions Accounts 

Source: Eurostat 2009 
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The first step of the “energy-first approach” is to 

adjust the system boundaries from geographic to 

economic to meet the requirements of the residence 

principle. Second, the energy use needs to be 

assigned to industries and household based on 

NACE classification. Finally, emissions are 

calculated for each industry and households 

separately using industry and technology specific 

emission factors for each energy carrier. In order to 

develop comprehensive air emission inventories, 

accordingly, Air Emissions Accounts, it is crucial to 

add emissions from other sources to energy related 

emissions. These include industrial processes, 

solvent and other volatile organic product use, 

agriculture (number and types of animals and 

manure management information) and waste 

(treatment and incineration also). 

 

 

Fig. 2: Schematic flow chart on energy approach of Air 

Emission Accounts 

Source: Eurostat 2009 

 

Figure 2 shows the structure of calculation 

paying particular attention to the combustion and 

non-combustion sources of emissions and emission 

factors. Regarding methodological aspects, an 

important result of this project is that our system 

building will be based entirely on EUROSTAT's 

methodology taking into account local 

circumstances. The NAMEA was compiled 

according to the EUROSTAT (2009) guide. 

Consequently, accounts are complete and coherent 

with the guide.  

For calculating air emissions for NAMEA the 

following points are to be taken into consideration: 

 Measuring: the most reliable origin of data,  

 Expert advice to take notice of the local 

specialities (factors); 

 Calculation on the basis of material balances; 

 Comparative calculations, analogy; 

 Calculations on the basis of emission factors with 

the help of air emissions inventory experts; 

 Entire consistency of EUROSTAT methodology 

on the score of Manual for Air Emissions accounts; 

 Legal compliance: the best possible 

correspondence with proposal for a “Regulation of 

the European Parliament and of the Council on 

European environmental economic accounts 

(preparation of bridge tables, etc.). 

When calculating emissions five essential 

requirements are to be met: 

 Completeness: examination has to cover all 

available data sources; 

 Consistency: calculation has to be made 

according to equal aspects ensuring comparability; 

 Transparency: calculation process has to be 

understandable for everyone; 

 Accuracy: results have to converge to real values 

as much as possible. 

 Continuity: the results must be produced each 

year. 

Summary of actions 

One of the goals of the project was to identify 

those modules which may have the best bases for 

development and implementation on a regular basis. 

The priorities are driven by already available know-

how, data as well as financial and human resources. 

The main methodological development of the 

project is the detailed allocation of sectors to NACE 

categories (2 digits) and assuring consistency with 

economic data from the system of National 

Accounts (regarding especially the disaggregation of 

manufacturing).  

Data had been collected from the different 

available sources between 2000 and 2008).The new 

version of the Hungarian NAMEA system is now in 

accordance with EUROSTAT requirements. Thus, 

the analysis covers: 

 CO2, Biomass CO2, N2O, CH4, 

 HFC, PFC, SF6, 

 SOX, NOX, NH3 and 

 NMVOC, CO, PM10. 

Air emissions originated from the consumption 

of fossil fuels, anthropogenic activities and different 

technological processes (NACE 2 digit level). 
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Emissions originated from so-called pyrogenic 

processes (combustion of fossil fuels) and from 

anthropogenic (but not pyrogenic) activities have 

been calculated separately.  

Concerning calculation of emissions originated 

from combustion processes, aggregation has been 

made according to the detailed energy statistics on 

use of fossil fuels. 

Results, sustainability 

 In the followings the main results will be 

demonstrated. A brief dataset will be presented and 

explanation will be given on the trends of the most 

important air emissions– greenhouse gases, 

acidifying substances and ozone precursors – of ten 

years (2000-2009). Data are combined with economic 

variables according to the industry classification of 

NACE from tables of chapter six.  

Emission of greenhouse gases 

Greenhouse gases are gases in the atmosphere that 

absorb and emit radiation within the thermal infrared 

range. This process is the fundamental cause of the 

greenhouse effect. Primary greenhouse gases in the 

Earth's atmosphere include carbon-dioxide, methane 

and nitrous oxide. The Global Warming Potential 

(GWP) of the individual gases varies. (In a time 

horizon of 100 years for CO2=1, for CH4=21 and 

N2O=310. It means that in a 100 year’s time 1 tonnes 

of methane cause as much warming as 21 tonnes of 

carbon dioxide.) Thus, it enables scientists and policy 

makers to compare the indicators of greenhouse gas 

emissions expressed in GWP. 

The most polluting industry in Hungary in terms 

of emission of greenhouse gases is the electricity, 

gas, and water supply, which represents around 30-

32% of the total emission, although its size and 

proportion is solidly decreasing (Fig. 3). The 

agriculture, hunting, forestry as well as 

manufacturing are responsible for one-fifth of the 

emissions, while the share of transport, storage and 

communication industry continued to grow from 

9.7% in 2000 to 16.7% in 2009. 

Figure 4 shows that carbon dioxide (CO2) is the 

most important greenhouse gas in Hungary and its 

rate decreases less rapidly than that of nitrous oxide 

(N2O) and methane (CH4). 

In Hungary, 81-82% of emissions of greenhouse 

gases directly stem from economic activity, the rest 

originates in household consumptions. 

 

Fig. 3: The structure of emissions of aggregated greenhouse 

gases from the Hungarian economy by industries 

 

 

Fig. 4: The distribution of emissions of greenhouse gases 

from the Hungarian economy 

Emission of acidifying substances 

Sulphur oxides (SOX), nitrogen oxide (NOX) and 

ammonia (NH3) are examples of acidifying 

substances emitted into the air. Emissions from 

stationary and mobile sources have adverse impacts 

on the air quality, especially in cities. SOX, NOX and 

NH3 lead to acid rain and changes in the chemical 

composition of soil and surface water after 

deposition. In addition, they place great pressure on 

flora and fauna. Acidification has harmful effects on 

the biological ecosystems, forests, surface water, 

water supply systems, buildings and monuments.  

Eutrophication of aquifers, lakes and 

watercourses results in excess growth of algae. 

In the Hungarian economy the aggregate value 

of acidifying substances sank from 688 thousand 

tons of SO2-equvivalent in 2000 drastically to 287 

thousand tons in 2009. The reason of this decline is 

the sweeping technological changes in the 

electricity, gas, steam and water supply branch (Fig. 

5).  

http://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
http://en.wikipedia.org/wiki/Emission_(electromagnetic_radiation)
http://en.wikipedia.org/wiki/Infrared#Different_regions_in_the_infrared
http://en.wikipedia.org/wiki/Greenhouse_effect
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Nitrous_oxide
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Besides the quantity of acidifying gases, a 

significant rearrangement occurred also in the 

proportions of the ingredients (Fig. 6). The sulphur 

oxides emission decreased to about one-tenths of 

total, so the direct emissions of ammonia and 

nitrogen oxide have become dominant in the 

examined time interval. 

An increasingly significant proportion of total 

emissions of acidifying substances is being caused 

by households in Hungary. This rate doubled 

between 2000 and 2009. In 2009 it amounted to 17% 

of total acidifying substances emission. The amount 

of emissions from households also fell during the 

examined years, but not as rapidly as in the case of 

industry. The reason for this trend is that 

technological changes in the households are not as 

substantial as in the industry. 

 

 

Fig. 5: The structure of emissions of aggregated 

acidifying substances from the Hungarian economy by 

industries 

 

Fig. 6: The distribution of emissions of acidifying 

substances from the Hungarian economy 

Emission of ozone precursors 

Tropospheric ozone nearby the Earth surface is in 

connection with transboundary environmental 

issue. The ground-level ozone is not emitted directly 

into the air, but is created by chemical reactions 

between nitrogen oxides (NOX), carbon-monoxide 

(CO) and volatile organic compounds (VOC) in the 

presence of sunlight. Emissions from industrial 

facilities and electric utilities, motor vehicle exhaust, 

gasoline vapours, and chemical solvents are some of 

the major sources of NOX and VOC. At ground level 

ozone is a harmful pollutant. 

The emissions of ozone precursors grew slowly 

from 2000 (337 thousand tons of NMVOC-

equivalent) until 2008 (351 thousand tons), then fell 

back to 321 thousand tons in 2009. While the 

majority of economic sectors reduced the emission 

of precursors, in the most polluting industry, 

namely the transportation, storage and 

telecommunication, it increased by 15-16% (Fig. 7). 

Figure 8 illustrates that among ozone precursors, 

the non-methane organic compounds and nitrogen 

oxides are the most significant. In 2009, the 

manufacturing industry was responsible for more 

than two third of NMVOC emissions from 

Hungarian economy. 

The Hungarian economy accounts for less than 

four-fifths of total ozone precursor emission, while 

households amount to more than 20%. This means 

that households’ emission is the highest in the case 

of ozone precursors among the three groups of 

contaminants scrutinized (greenhouse gases, 

acidifying substances and ozone precursors). 

 

 

Fig. 7: The structure of emissions of aggregated ozone 

precursors from the Hungarian economy by industries 
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Fig. 8: The distribution of emissions of ozone precursors 

from the Hungarian economy 

Environmental – economic profile by main 

industries 

Air emissions accounts present air emissions by 

industries which are the same as shown in the 

National Accounts. This offers the possibility to 

compare several air emissions with economic 

parameters, hereby providing the base for 

conducting a deep analysis on a certain industry’s 

emission. In so called environmental – economic 

profiles, both parameters can be demonstrated 

jointly for selected single industries. Those profiles 

show the share of a particular industry out of 

industry’s total for a number of parameters such as 

greenhouse gas emissions, emissions of acidifying 

substances and ozone precursors, gross value added 

and the number of people employed. 

In the case of direct emission of greenhouse 

gases, the electricity, gas, and water supply was the 

major emitting economic sector in Hungary (Fig. 11). 

However, taking into account emission per gross 

output, the industry with its 7.8 tons of CO2-

equivalent barely reaches 60% of mining and 

quarrying (12.3 tons of CO2) in 2008. The difference 

is even greater if we consider the emission per 

employment. In the mining industry it equals to 262 

tons of CO2-equivalent of greenhouse gas emission, 

in the agriculture, hunting, forestry and fishing 

industry to 93 tons, in the transport storage and 

communication sector to 30 tons, while in the 

electricity, gas and water supply “only” 29 tons. 

In the case of acidifying gases the most 

significant change occurred in the electricity, gas 

and water supply industry, where due to stricter 

regulations more efficient filters were installed, 

reducing the emission of acidifying substances 

considerably (Fig. 11). This change led to the 

increase in the share of other industries’ acidifying 

gas emissions. 

For the emission of ozone precursors, the share of 

different sectors did not change significantly 

between 2000 and 2008. Transport, storage and 

communication sector still have the highest share 

(45%, illustrated in Fig. 12), followed by the 

manufacturing industry (nearly 35%, shown in Fig. 10). 

 

 

Fig. 9: The environmental – economic profile by 

agriculture, hunting, forestry and fishing industry 

 

 

Fig. 10: The environmental – economic profile by 

manufacturing industry 

 

 

Fig. 11: The environmental – economic profile by 

electricity, gas and water supply industry 
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Fig. 12: The environmental – economic profile by 

transport, storage and communication industry 

 

What is favourable with respect to the future and 

sustainability is that the emitted quantity of the 

examined contaminants decreased in all three 

groups. Greenhouse gas emission fell by 50% 

between 2000 and 2008. The emission of acidifying 

gases per gross output (calculated at current prices) 

also saw a drop of approximately 18kg, from 23.4 kg 

to 5.3kg in the same period, meaning that the 

production of goods and service entails less damage 

to the environment. For the ozone precursors, 

emission per gross output - expressed in NMVOC 

equivalent - sank from 11.5kg to 6.2kg. 

Conclusion 

By meeting EU requirements and successfully 

adopting the different, harmonised statistical 

method, a sustainable system that can provide long 

term assistance in compiling NAMEA air accounts 

year by year was established. 

On the one hand, the project provided expertise 

and training to have a deeper insight into the 

compilation of environmental accounts. On the other 

hand, it helped standardize the procedures for the 

regular production of environmental accounts. As a 

long term objective of our work, the system can 

serve as a comprehensive analysing tool for policy 

making processes. 
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Abstract 

This study demonstrates the feasibility of using GIS 

in the assessment of landscape visual quality. Based 

on the digital elevation model achieved by 

processing the 1:5000 scale topographic plans, 

Viewshed analysis application was performed for 5 

observation points of the territory, which were 

selected by objective criteria. We tried to quantify the 

landscape values of Piatra Neamt administrative 

territory through an objective analysis of the reality 

on the ground reflected from the observation points, 

taking into consideration also the human perception 

regarding these aspects (a hardly accepted domain 

by the scientific community). The analysis can lead 

to precise values of the landscape, yet the only 

element more difficult to quantify remains human 

perception.  

The application was possible starting from the 

mathematical interpretation of the landscape 

proposed by Neuray G. in 1987, but a great 

importance in achieving the expected results is held 

by the specific GIS techniques mentioned above. The 

main purpose is to highlight the landscape potential 

of the area of study, noting that this analysis can be 

applied to any other area.  
 

Keywords: GIS, landscape assessment, Piatra Neamț 

Rezumat. Utilizarea tehnicilor GIS în evaluarea 
calității vizuale a peisajului: o abordare 
metodologică aplicată la Piatra Neamț, România 

Studiul de față demonstrează fezabilitatea utilizării 

tehnicilor SIG în evaluarea calității vizuale a 

peisajului. Pe baza modelului digital al terenului 

realizat după planurile topografice la scara 1:5000 s-a 

efectuat aplicația Viewshed analysis pentru 5 puncte 

ale teritoriului, selectate după criterii obiective. S-a 

încercat o cuantificare a valorilor vizuale ale 

peisajului din aria municipiului Piatra Neamț în 

urma analizei obiective a realității din teren reflectate 

din punctele de observație, dar și prin prisma 

percepției umane (domeniu mai greu acceptat de 

comunitatea științifică). Astfel, se poate ajunge la 

valori precise ale peisajului, singurul element mai 

greu cuantificabil fiind  percepția umană.   

Aplicația a fost posibilă plecând de la interpretarea 

matematică a peisajului propusă de Neuray G. in 

1987, urmând ca un rol deosebit de important în 

atingerea rezultatelor dorite să-l aibă tehnicile 

specifice SIG amintite anterior. Scopul principal este 

de a vedea potenţialul peisagistic obiectiv al 

teritoriului studiat, însă această aplicație poate fi  

realizată pentru orice areal.  

 

Cuvinte-cheie: tehnici SIG, evaluare peisaj, Piatra 

Neamț 

 

Introduction 

The landscape approach is widely recognised 

today as a powerful method of multidisciplinary 

environmental research. Integrating data both on 

natural geoecosystems and socio-economic impacts 

and their relationships, it offers an ideal frame of 

territorial sampling for evaluating, mapping and 

modelling environmental status and dynamics 

(Lioubimtseva et Defourny, 1999). 

Frequently, the plurality of position regarding 

the meaning of the term geosystem replaces this 

very complex reality of the concept of landscape. At 

least for pressing practical reasons, its assessment 

(operation that involves rigorous quantification) 

should be based on scientifically validated 

methodology. In fact, the promoters of this 
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assessment have not yet established whether 

landscape values to be measured are economic, 

social, functional, ecological, economic, aesthetic etc.  

(Ungureanu I., 2005). 

The landscape is an external manifestation, an 

indicator image or key reflecting the processes 

(natural and anthropic) that take place within a 

territory. As a source of information, the landscape 

requires interpretation. (...) The absence of a clear 

concept of landscape, plus the difficulty in reducing 

the amount of information it provides to 

manageable quantities, have led to the recent 

development of methods for its analysis. The large 

number of features that make up the landscape have 

given rise to many different approaches (some of 

which are complementary) to its study (Pastor et al., 

2007). 

Landscape assessment is a much requested 

direction in geography today. The high priority 

given to landscape states on European and global 

scale requires a thorough study of them, and the 

establishment of methodologies for assessing their 

status (Dumitrașcu M., 2006).   

Techniques for assessing landscape attractiveness 

are becoming increasingly important in 

environmental planning. They are a manifestation of 

the growing need to monitor landscape 

deterioration, to help preserve natural beauty, to 

learn about our cultural perceptions, and to satisfy 

an ever-increasing body of environmental law. 

(Kane, 1981) 

Geographical information systems (GIS) are 

excellent tools for landscape modelling and three-

dimensional analysis. They allow easy digitalisation 

of geographical information and coverage structure, 

as well as facilitating graphical representation. 

(Hernandez et al., 2004) 

THE AREA UNDER STUDY 

Geographically, the Piatra Neamt town location 

is quite original, the initial built perimeter is 

sheltered by heights with steep slopes carved into 

flysch and it expanded to the Bistrita valley and its 

affluents (Fig. 1), especially on terraces, but also in 

meadows, areas that show optimal urbigene 

conditions. 

The great diversity of natural conditions of Piatra 

Neamt have led to a great complexity of 

anthropogenic use, which gives a distinctive note to 

the landscape of the area (Apostol et Chelaru, 2011). 

 

 

Fig. 1. Localization of area under study 

Data and Methods 

Based on the mathematical interpretation of the 

landscape proposed by Neuray G (1987) , there can 

be reach precise values of the landscape; the only 

more difficult to quantify element remains human 

perception. Thus, the application starts from 

expressing landscape value by: 

V`` = L*R*S where L is the length or the visual 

distance calculated using the formula L= ½*10*log 10 

l (l – maximum length of the distant plan visually 

perceived); the height of the visual area (R is an 

expression given by the formula R = 1 + sin α + sin β 

+ sin λ + d/100, => V``= (L*R).; α, β, λ are the angles 

formed by horizontal line with elements located in 

the foreground and in the following existing plans 

in the area of predefined field of view , and d is the 

inclination or slope, T is the valorisation factor and 

represents the sum of all natural and anthropogenic 

components which are intercepted by the visual 

field coverage (180o) and this factor is introduced in 

the formula S= 1 + T/100. 

The last step consists in calculating the total 

value of the landscape, which is given by the 

objective landscape value summed up with the 

value of the visual elements (in other words - the 

perception of each person on the landscape 

observed).   

Each constituent element of the visual field is 

rated on a scale from -10 to 10. Elements that could 

damage the value of a landscape from 

anthropogenic structures that are not integrated into 

the landscape to polluted areas receive the lowest 

notes. Of course spectacular scenery will receive the 

maximum grade (mixed vegetation, historical 

monuments). 
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To see the perception tendency on natural and 

anthropogenic potential that match most of the 

population, there was applied a questionnaire with 

seven questions on a sample of 50 people. 

There results that Vt = V``+ Vv , where Vt – total 

landscape value, Vv – subjective visual value, based 

on perception.  

Methodologically, for achieving landscape value 

analysis, we used the ANALYSIS VIEWSHED 

application from the Microimages TNT Mips 

software to see the visual area from a point of 

observation with an 180° angle. 

The next step consists in quantitative and 

qualitative analysis of the landscape by applying the 

formula of Neurray G. explained above.   

Because the application depends on the relief 

configuration, it was necessary to achieve a more 

detailed Digital Elevation Model (DEM) to capture 

as accurately areas taken into observation. DEM was 

realised through the same Microimages TNT Mips 

professional software. Based on the analysis and 

processing the achieved database, DEM represents 

the support of the following cartographic material. 

The main data source for achieving the DEM are 

vector layers represented by contour lines and 

altitude rates. Vectorisation operation of the 

contours was a time-consuming step, because we 

used 1:5.000 scale topographic maps. Finally, there 

were assigned “z” values, resulting 3D vector layers. 

By using this method of interpolation, DEM 

accuracy is not maximum because the contour lines 

already represent interpolated values of elevation 

data extracted from the field, and for achieving 

DEM it is used a second interpolation (between 

contour lines). Thus, the data concentration along 

the contour lines and their absence between isolines 

result in a topographical uniformity between the 

contour lines.  

We have chosen to use detailed topographic 

plans at 1:5.000 scale, so that the accuracy of DEM to 

be higher. The final product was conducted at a 

resolution of 10 m, which allows us to visualize 

correctly the overall configuration of the landscape 

and the morphometric parameters taken into 

account. 

As far as we are concerned, the utilitiy of DEM is 

viewing the general relief configuration, which 

allows, by linking with other elements, to identify 

certain types of landscape; cartographic determining 

of morphometric elements with role in landscape 

structure, accurate measurements on different 

surfaces and drawing transversal profiles on 

different alignments to reflect geographical 

phenomena and processes.  

Results and Discussion 

The main goal is to see the landscape potential of 

the studied objective. Thus, we tried to quantify the 

landscape values reflected in Piatra Neamt 

municipality, through the analysis of the visual 

quality obtained by specific GIS techniques, using 

also the subjective component of the landscape, the 

aesthetical part that is every person’s perception.  

The visual quality is not the same as the aesthetic 

quality of the landscape, the latter depending on the 

perception of images. Even if a landscape has 

particular aesthetic qualities, it is useless if its image 

is not visible from certain points (Drăguț, 2000).  

The visual expression of landscapes affects 

people in many ways: aesthetic appreciation, health 

and well being (Tveit M. S., 2009). 

In order to achieve this study, there have been 

made five Viewshed observation points (view area), 

from different sites of the city, for an analysis as 

objective as possible, after which values were 

compared (Fig. 2, 3, 4, 5, 6). It should be noted that 

this application can be made for any point in the 

area.  

For a more realistic analysis of the phenomenon 

we studied, reference points were selected according 

to several criteria: depending on the areas most 

often frequented by people looking for great 

scenery, or by the impact of public perception on the 

entrance to the town (by road or rail) as follows: at 

the southeast entrance to the town on DN15, linking 

Bacau and Piatra Neamt, at the eastern entrance 

DN15D (Calea Romanului), very common route 

which allows the access to Iasi. 

Cross sections are intended to better illustrate the 

morphology of the area and are applied to the 

farthest distance plan. 
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Fig. 2. Viewshed application realised on observation point 1 – SE slope of the Pietricica mountain 

 

 

 

Fig. 3. Viewshed application realised on observation point 2 – southern slope of the Cozla mountain 
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