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Abstract 
The aim of this study is to record the existing situation and to evaluate the trees of three 
representative types in the avenues chosen by their density of greenery, in the Municipality of 
Thessaloniki. The aim also included the formulation of proposals in order to make some 
improvement in the choice of species so as to increase the amount of spaces in the city. The results 
of the research showed that the most important problems the trees had in the three roads were the 
attack on the leaves by insects and fungi as well as the dry and broken branches of the crown. It was 
also realized that the majority of trees are in a moderate condition. The values of the surface 
indicator and volume indicator that were calculated depend not only on the number of trees but also 
on the average volume of their crowns. Finally, it was estimated a linear model for the volume 
indicator for which there is a physical explanation.   
Keywords: Urban greenery; surface indicator; volume indicator; problems of urban trees; suitable species. 
 
1. INTRODUCTION 
 
The 20th century was the century of urbanization. Nowadays, it is calculated that above half of the 
world population lives in urban regions while by 2030 the urban population is expected to be twice 
as large as the corresponding rural [1,2,3,4,5]. Urban greenery is of fundamental importance for the 
quality of life on our ever increasingly urbanized societies [6,7]. More specifically, this term refers 
to open spaces that are located in the urban web and which include parks, avenues of trees and other 
garden areas [8,9,10]. 
 
The urban environment constitutes a difficult biotope for the trees. The environmental pressures 
decrease the vitality of many species and increase their sensitivity to diseases and parasitic attacks. 
The trees that are developing in the cities suffer from the effects of various negative factors, such as 
poor soils (compressed and with insufficient or low proportion of humidity and nutrients), the 
polluted atmosphere and vandalism. These problems can only be faced by choosing the proper 
species [11,12,13,14,15].  
 
The aim of this study is to record the existing situation and to evaluate the trees of three 
representative types in the avenues chosen by their density of greenery, in the Municipality of 
Thessaloniki. The aim also included the formulation of proposals in order to make some 
improvement in the choice of species so as to increase the amount of spaces in the city. More 
specifically the issues studied were: 
 

 What problems do these trees face now, and will face in the future?  
 Do the characteristics of the trees influence the density of greenery? 
 Is there a linear model to correlate the volume indicator to the characteristics of the trees? 
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2. MATERIALS AND METHODS 
 
The research took place in the region of the Municipality of Thessaloniki, which is located in North 
Greece. The research included the study of the trees along three central roads of Thessaloniki city, 
which are a) Nikis Avenue b) Egnatia Street and c) Karamanli Avenue. The three roads were 
chosen not only for the traffic condition but also for the species, the age and hence the 
characteristics of the trees that line these roads. These three avenues of trees were chosen in order to 
study the condition and to evaluate the behavior of the species Platanus orientalis, Celtis australis, 
Albizia julibrissin, Liquidambar orientalis, Cupressus arizonica and the clone Populus Χ 
euramericana cv. 'Ι-45/51' in correlation to the surface that they occupy in the three representative 
roads of the city. The first avenue of trees, in Nikis Avenue, was constituted exclusively by the 
species Platanus orientalis, the second one, in Egnatia Street, by the species Celtis australis and the 
third one, in Karamanli Avenue, by the species Albizia julibrissin, Liquidambar orientalis, 
Cupressus arizonica  and the clone Populus Χ euramericana cv. 'Ι-45/51'. 
  
The total number of trees that was recorded in the three roads was 913 but analytic measurements 
were taken from 20% of the individuals that is to say; 248 trees (Nikis Avenue 81 trees, Egnatia 
Street 70 trees and Karamanli Avenue (including the trees in the central division) 97 trees). The 
trees of our sample were chosen by the method of systematic sampling. Each sample tree was 
measured for height, height of the start of the crown and crown dimensions. Τhe crown length, the 
projection of the crown in the ground and the crown volume were calculated. The crown projection 
was calculated by the type: G=(G1+G2)/2, where Gi=π/4xdi

2, i= 1,2 is the surface of a circle with 
diameter di. The two diameters for each tree were measured along the street and vertical to this. The 
crown volume was calculated by the type: V= GxL/3, where L is the crown length which results if 
the height of the start of the crown is subtracted from the total height tree. The product: (crown 
projection of the average tree) x (number of trees in each road) was characterized as active surface 
while the product: (volume of the medium tree) x (number of trees in each road) was characterized 
as active volume. 
 
The crown shape of every tree, its general condition and the damages that it presented were 
recorded. The recording of the damages was done according to a specific damage diagnosis 
catalogue [16]. Finally, for each road the surface indicator (active surface of the crowns divided by 
the length of the road) and the volume indicator (active volume of the crowns divided by the length 
of the road) were calculated. With regard to the relationship between the surface indicator and the 
tree characteristics, a linear model was estimated using the statistic programme SPSS version 12.0 
for Windows.  
  
3. RESULTS AND DISCUSSION 
 
A brief presentation using box and whisker plots of the results of the statistic processing of the tree 
height values and tree diameter values in the studied roads is given in Figures 1 (1. Nikis Avenue, 2. 
Egnatia Street, 3. Karamanli Avenue, 4. central division of Karamanli Avenue). In Figures 2 there is 
a corresponding presentation of the tree height values and tree diameter values of the studied 
silvicultural species (1. Platanus orientalis, 2. Celtis australis, 3. Albizia julibrissin, 4. Liquidambar 
orientalis , 5. Cupressus arizonica, 6. Populus Χ euramericana cv. 'Ι-45/51').  
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Figure 1. Box-and-whisker plots of height and breast diameter of the three central roads  
and the central division. 

Figure 2. Box-and-whisker plots of height and breast diameter of the six silvicultural species. 
 
According to Figure 1, the distribution of height data is normal in Egnatia Street (road 2) while the 
corresponding of breast diameter data is normal in Nikis Avenue (road 1) and in the central division 
of Karamanli Avenue (road 4). According to Figure 2, the distribution of height data is normal in 
the species Celtis australis (species 2) and Populus Χ euramericana cv. 'Ι-45/51' (species 6) while 
the corresponding of breast diameter data is normal in the species Platanus orientalis (species 1), 
Cupressus arizonica  (species 5) and Populus Χ euramericana cv. 'Ι-45/51' (species 6).   
  
The problems that the trees of each species faced are presented in Figures 3,4,5,6,7,8 (1. drying out 
of the crown, 2. insect and fungal damage, 3. ivy on trunk, 4. tree too close to road, 5. long crown 
depth close to asphalt surface, 6. crown width over road, 7. tree too close to buildings, 8. crowns 
touching each other, 9. crowns touching buildings, 10. damage from construction, 11. trees too 
close to cables or light source, 12. inadequate root space depth, 13. compaction of soil, 14. soil 
removal, 15. root damage due to construction work, 16. pavement damage due to roots, 17. root 
damage, 18. fluid secretion on trunk, 19. bark damage, 20. tree decay, 21. narrow bi-furcation, 22. 
water retention in bi-furcation, 23. dry and broken branches, 24. spreading branches, 25. branch 
tufts due to pruning, 26. intensive pruning).         
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Figure 3. Platanus orientalis problems.                         Figure 4. Celtis australis problems. 
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       Figure 5. Albizia julibrissin problems.                Figure 6. Populus Χ euramericana cv.'Ι-45/51' 

       problems. 
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    Figure 7. Liquidambar orientalis problems.                Figure 8. Cupressus arizonica problems.             
 
The results of the research showed that the most important problems the trees had in the three roads 
were the followings: 
 

• Insect and fungal damage (this problem dominates in the trees of the species Platanus 
orientalis and the clone Populus Χ euramericana cv. 'Ι-45/51') 

• Dry and broken branches of the crown (this problem dominates in the trees of the species 
Celtis australis, Albizia julibrissin, Liquidambar orientalis, Cupressus arizonica and the 
clone Populus Χ euramericana cv. 'Ι-45/51' ) 

• Bark damage (this problem dominates in the trees of the species Celtis australis and Albizia 
julibrissin) 

• Trees whose crown touches the crown of other trees (this is a big percentage in the species 
Cupressus arizonica and Platanus orientalis) 
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With regard to the crown shape of the trees in the three avenues, it was found that the majority of 
the trees of Platanus orientalis and Populus Χ euramericana cv. 'Ι-45/51' have an irregular crown 
while in the trees of the species Celtis australis and Liquidambar orientalis dominates the spherical 
shape. Most of the trees of Albizia julibrissin have umbrella-shaped crown and those of Cupressus 
arizonica  pyramidical one.  
 
The general condition of the trees of the species Platanus orientalis, Celtis australis and Cupressus 
arizonica was characterized as moderate while the majority of the trees of the species Albizia 
julibrissin, Liquidambar orientalis  and Populus Χ euramericana cv. 'Ι-45/51' is in a good condition.   
 
The values of the surface indicator and volume indicator are highest in Nikis Avenue, which is 
consisted by Platanus orientalis. Finally, using the multiple linear regression and considering as 
independent variables the tree height, the height of the start of the crown and the crown projection, 
the following volume indicator model was estimated: Y = -104,048 + 14,64x(height) – 18,73x(height 
of the start of the crown) + 3,48x(crown projection). The value of coefficient of determination was 
R2= 93,5%. All model coefficients are significant at the 0.05 level of significance. There is also a 
good adaptation of the model to our data while the analysis of variance showed a high significance. 
The estimation of this model may help to the description of our data and its use is indicative.  
 
4. CONCLUSIONS 
 
The analysis of the results led to the following conclusions about the damages that the species 
presented, the density of ery in the three roads and the volume indicator: 
 

• The attacks on the leaves of Platanus orientalis and Populus Χ euramericana cv. 'Ι-45/51' 
by fungi and insects are mainly due to the limited available growing space and the 
insufficient soil and moisture conditions.   

• The dry and broken branches that the crown of many species presents are due to the pruning 
method, which resulted in the development of tufts of branch shoots. These branch shoots 
had desiccation problems because of the self-thinning, which is a functional reaction of the 
plant to the excessive increase of branches. This problem is intensified by the insufficient 
soil and moisture conditions. In the case of Cupressus arizonica, the specific problem is due 
to the premature ageing that this species presents.      

• The biggest density of greenery is presented in the Nikis Avenue, which is consisted by 
Platanus orientalis, because the values of the surface indicator and volume indicator are the 
biggest in this avenue. This conclusion results from the fact that the trees of Platanus 
orientalis have the biggest average values of height, height of the start of the crown, crown 
projection and breast diameter in relation to the trees of the other roads.  

• With regard to the linear model that concerns the volume indicator [Y = -104,048 + 
14,64x(height) – 18,73x(height of the start of the crown) + 3,48x(crown projection)], we 
must notice that it can be physically explained. The volume indicator increases with the 
increase of the height and the crown projection and decreases with the increase of the height 
of the start of the crown because the crown length decreases.  

 
5. PROPOSALS 
 

• The species that line Nikis Avenue is Platanus orientalis, which is a very large one. In order 
to achieve the normal development of the crown and the vertical position of the trunks, a 
bigger spacing should be applied so the crown can be aired and the interactions between 
trees to be avoided. 
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• Egnatia Street has a small surface because of its narrow pavements that prohibit the right 
growth of the trees. We suggest the filling of the gaps using the same species, Celtis 
australis, and the trees should not be pruned where this is possible.  

• Karamanli Avenue has a low surface despite the width of the road and the central division. 
Τhis avenue should be studied systematically. The poplar and cypress must be removed and 
substituted with a suitable urban–friendly species. The former, because it is susceptible to 
branch breakage by windfall and this is dangerous. The latter, because its crown presents 
thinning in an urban environment.   

• With regard to the species Celtis australis, Albizia julibrissin and Liquidambar orientalis it 
is recommended the avoidance of their pruning or where this is necessary it should be done 
according to the pruning guidelines.     

 
References 
 
1. Girardet, H., 1992. The GAIA Atlas of Cities: New Directions for Sustainable Urban Living. 

Anchor Books/Doubleday, New York.  
2. EEA, 1995. Europe’s environment: the Dobris assessment. (eds. D. Stanners, Ph. Bourdeau), 

European Environment Agency, Copenhagen. 
3. EEA, 1998. State of the European environment. European Environment Agency, Copenhagen.  
4. Kuchelmeister, G., 1998. Urban for local needs-improving quality of life through multipurpose 

urban forestry in developing countries. Proceedings of the First International Conference on 
Quality of Life in Cities, March 4-6, Singapore, Vol. 1, 181-191. 

5. Konijnendijk, C.C., 2000. Adapting forestry to urban demands-role of communication in urban 
forestry. Landscape and urban planning, 52, 89-100. 

6. Chiesura, A., 2004. The role of urban parks for the sustainable city. Landscape and urban 
planning, 68, 129-138. 

7. Tsitsoni, Th., Samara, Th., 2002. The existing situation and management of urban forests and 
trees in western Macedonia. Proceedings of the 10th Panhellenic Forest Science Conference, 
May 26-29, Tripoli, Greece, 136-147 (in Greek).   

8. http://www.hellenic-landscapes.gr (accessed August 28, 2005). 
9. Ganatsas, P., Tsitsoni, Th., Zagas, Th., Tsakaldimi, M., 2002. Evaluation of the urban space in 

Thessaloniki city. Proceedings of the 10th Panhellenic Forest Science Conference, May 26-29, 
Tripoli, Greece, 627-637 (in Greek). 

10. Tsitsoni, Th., Zagas, Th., 1999. Estimation of adaptability of tree species on the basis of tree 
condition and human activities. Proceedings of the Urban ing and Landscape Arhitecture 
research symposium (ed. Th. B. Rundrup), June 23-25, Copenhagen, Demark, Vol. 2, 58-59.    

11. Beatty, R.A., Heckman, C., 1981. Survey of municipal tree systems in the United States. Urban 
Ecology, 5, 81-102. 

12. Kuchelmeister, G., Braatz, S., 1993. Urban forestry revisited. Urban and periurban forestry, 
FAO, UNASYLVA, Vol. 44, No. 173. 

13. Samara, Th., Tsitsoni, Th., 2003. Tree quality control and care measures in urban environment. 
Proceedings of the 11th Panhellenic Forest Science Conference, October 1-3, Ancient Olymbia, 
Greece, 705-721 (in Greek). 

14. Tsitsoni, Th., Zagas, Th., 2001. Silvicultural measures for improved adaptability of tree species 
to the urban environment. Proceedings of International Conference on Ecological Protection of 
the Planet Earth (eds. V. Tsihritzis and Ph. Tsalides), June 5-8, Xanthi, Greece, Vol. 2, 415-422.  

15. Tsitsoni, Th., Batala, E., Zagas, Th., 2005. Management of urban and suggestions for its upgrade 
in the Municipality of Thessaloniki. Proceedings of the 12th Panhellenic Forest Science 
Conference, October 2-4, Drama, Greece, 231-242 (in Greek).  

16. Dafis, Sp., 2001. Urban forestry. Art of Text, Thessaloniki. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


