
Annals of Warsaw University of Life Sciences – SGGW
Horticulture and Landscape Architecture No 35, 2014: 25–38
(Ann. Warsaw Univ. Life Sci. – SGGW, Horticult. Landsc. Architect. 35, 2014)

Abstract: Avenue trees – esthetic preferences and 
safety. In the planning of avenue trees, various 
criteria are taken into account, including esthet-
ics and safety. Although the safety aspect is much 
debated, there is little research into the actual per-
ception of trees as potentially hazardous. The aim 
of this paper is to answer the following question: 
are trees with potentially hazardous features in-
tuitively rejected? It is hoped to understand what 
kind of criteria are considered in the assessment 
of trees’ attractiveness, and whether one can 
speak of intuitive recognition of the risk posed by 
trees with impaired static properties. A survey was 
carried out among a group of 110 respondents, 
of whom 10% had professional experience with 
avenue trees. The questionnaire took the form of 
a graphical presentation consisting of three parts: 
(a) 18 sets of black-and-white silhouette models 
of single trees standing by the road; (b) 3 visual-
izations of trees in an avenue setting; and (c) 3 real 
photographs in full color with different roadside 
arrangements (presence of large trees, small trees, 
and low vegetation). The  rst 21 sets contrasted 
stable trees with trees of impaired stability. The 
results showed that trees with structural defects 
and potentially hazardous features (tall trees with 
widespread, asymmetrical crowns and ill-formed 
forks) were considered more attractive. The only 
hazardous features considered unattractive were 
unnatural lean and high slenderness. 

Key words: avenue trees, safety, esthetic prefer-
ences, hazard tree, tree assessment

INTRODUCTION

Many criteria are taken into considera-
tion when planning avenue trees; espe-

cially important are the aspects of safety 
and esthetics. As regards safety, opinions 
are divided, for some see road trees as 
an advantage and others as a disadvan-
tage. Most research on the safety issue 
concerns the features of trees that in  u-
ence their stability and can lead to acci-
dents; there has been little or no research 
into the perception of trees as potentially 
hazardous. When considering the func-
tion of avenue trees, many factors are 
taken into account, including safety and 
esthetics among others. The basic func-
tion of a road of any kind is to enable 
its users to arrive quickly and safely at 
their destination. The trees should in no 
way endanger road users or hinder their 
journey. More and more publications are 
appearing which discuss rules governing 
the proper choice of tree species in corre-
lation with the condition of a given road 
or street [Borowski and Latocha 2006], 
and there are also many publications ad-
vising on the arrangement of forestation 
so that it optically improves the traf  c, 
warns about dangers, prevents dazzle 
and driver weariness, and protects from 
storms [Reda and Hrynkiewicz-Sudnik 
1999, Oleksyn 2007, Szczepanowska 
2010]. Guidance is also given with re-
gard to safety measures, including the 
avoidance of trees prone to failure, with 
widespread crowns [Haber 2001] or with 
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structural defects which impair their sta-
bility [Coder 2000, Ros on-Szery ska 
and Sikorski 2011].

In planning and arranging the areas 
around roads and streets, esthetics are 
equally important. Much research shows 
that in their choice of trees, people con-
sider the safety aspect in correlation 
with tree species that are well-known to 
them and are associated with their fam-
ily home. There are a few evolutionary 
esthetic approaches, such as those of 
Orians [1980] or Sommer and Summit 
[1996], according to which society pre-
fers a landscape of savannah and trees 
with widespread crowns typical of Aca-
cia species. On the other hand, Schroed-
er [2006] claims that residents prefer 
smaller and slower-growing trees, while 
according to Williams’s [2002] survey 
respondents prefer medium-sized trees 
with widespread crowns. 

Researchers only occasionally con-
sider the question that will be addressed 
here: are people aware of the dangers 
connected with trees’ stability, or do they 
intuitively prefer trees with bene  cial 
structural features and shape which de-
crease the risk of breakage and failure? 
Ros on-Szery ska and Sikorski [2011] 
researched the issue of trees’ safety and 
exposure in forestations. 

The aim of this paper is to investigate 
social preferences towards trees in corre-
spondence with features responsible for 
their stability. It is hoped to understand 
what kind of criteria are considered in 
the assessment of trees’ attractiveness, 
and whether one can speak of intuitive 
recognition of the risk posed by trees 
with impaired static properties. 

MATERIAL AND METHODS

The survey was carried out among a 
group of 110 people, of whom 90% were 
chosen randomly. The remaining 10% 
were chosen among people with knowl-
edge of the principles of the planting 
of avenue trees (even though the actual 
percentage of such people in the general 
population would be slightly lower), in 
order to investigate whether this group 
would assess the attractiveness of trees 
with awareness of safety, or would rather 
evaluate the two aspects separately. For 
the purpose of the survey, an anonymous 
questionnaire was made available online 
in the form of a graphic presentation. 
The presentation consisted of three parts, 
each with three types of graphics to be 
evaluated, presenting: (a) black-and-
-white silhouette models of single trees 
standing by the road; (b) visualization of 
trees in an avenue setting; and (c) real 
photographs showing three ways of ar-
ranging the side of the road (presence of 
large trees, small trees, and low vegeta-
tion). The models used in the  rst two 
parts were prepared in Adobe Photoshop 
[Wojtyna 2012] on the basis of models 
of hazard trees likely to break or fail, ac-
cording to the WID method of Ros on-
-Szery ska [2006, 2012]. The trees were 
not meant to represent any speci  c spe-
cies, in order to avoid choices in  uenced 
by sentiment for well-known trees, e.g. 
from childhood; additionally, a uniform 
background was used to minimize the 
in  uence of other factors. The sets pre-
senting particular features/defects were 
randomly placed in the questionnaire, 
one per page, and the trees with correct 
stability were randomly placed on the 
right or left side of the page. In each case, 



Avenue trees – esthetic preferences and safety     27

respondents were asked to pick a tree/av-
enue which seemed the most attractive 
to them. The response was meant to be 
quick and intuitive. The respondents had 
no knowledge that the survey was con-
nected with the issue of safety. 

The  rst part of the presentation in-
cluded 18 sets of single trees with op-
posite features. In each case a tree with 
no crown defects was placed together 
with a tree presenting a high chance of 
breakage or failure. The following fea-
tures were chosen for the evaluation, 
on the basis of a thorough analysis of 
critical literature concerning this subject 
[Ros on-Szery ska 2006]:

height – measured from the bottom 
of the trunk to the peak of the crown. 
A height of 8 m was assumed safe, 
while a height of above 20 m exposes 
the tree to twice as much pressure 
from the wind [Sinn 1983, Niklas and 
Spatz 2000] – Figure 1; 
slenderness – the ratio of H to D, 
where H stands for height and D stands 
for the trunk’s diameter measured at 
a height of 1.3 m from the base of 
the trunk. Safe trees have a slender-
ness value lower than 20, whereas for 

•

•

hazardous trees it is higher than 50 
[Sinn 2000] – Figure 2;
crown’s force resistance – based on 
Coder [2000], hazardous trees have 
a cylinder-shaped crown (force resist-
ance parameter 0.625) while safe 
trees have a cone (0.333) or neiloid 
( 0.250) shaped crown (Fig. 3);
lean – measured by the degree of in-
clination from the vertical. According 
to the scale of Zaj czkowski [1991], 
a natural lean cannot exceed 45º 
(Fig. 4), and an unnatural lean should 
not be higher than 10º (Fig. 5);
crown shape – the classi  cation of 
Coder [2000] was used, according 
to which safe trees are arrow-shaped 
with a clear central leader and branch-
es bending at an angle of not more 
than 40–45º; moreover branches and 
boughs should not be more than half 
the thickness of the leader (Fig. 6).
Certain features which have a signi  -

cant in  uence on tree stability (wood de-
cay, damaged roots, cracks in the trunk) 
were omitted, for the reason that they are 
dif  cult to present graphically and assess 
on the basis of photographs. 

•

•

•

8 m 

20 m 

2 m                                    3 m 

FIGURE 1. Example of a set with trees varying in height. Tree without foliage with safe height (1) and 
hazardous height (2). The slenderness criterion remains the same for both trees
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H=
 10

 m
 

H=
 10
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D= 0,55 m D= 0,18 m 

H/D = 18 H/D = 55 

FIGURE 2. Example of a set with trees varying in slenderness, in correspondence to tree statics: within 
the safe range (1), and hazardous (2). The remaining features (height, crown shape) are the same

force resistance  (0,875) force resistance  (0,125) 

FIGURE 3. Example of a set with trees presenting high wind force resistance (1) and low wind force 
resistance (2). Both examples include trees with foliage, for the reason that force resistance is much 
lower without. The height of the trees is 10 m, and the slenderness value is 22

 50° 0° 

FIGURE 4. Example of a set with two asymmetrical trees, one straight (2) and one with a critical lean 
of 50º indicating a likely failure (1). The height of both trees is 10 m, and the slenderness value is 18
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The models show trees varying in one 
feature (i.e. height), or in several con-
nected features (i.e. defects of the crown 
shape, high force resistance and height) 
(Figs 7–8). In order to increase the re-
liability of the results, two or three sets 
of trees were prepared for each case (for 
each feature and group of features). 

The results of the survey are veri  ed 
in the second part of the questionnaire, 
which contrasts trees in an avenue setting 
that have no structural defects with trees 
that have a large number of defects (are 

too tall, too slender, ill-shaped with high 
force resistance of the crown). The fea-
tures foregrounded in this case are height, 
crown shape, and structural defects of the 
boughs. The  rst two sets present trees of 
varying height (20 and 8 m). The third set 
presents trees of the same height, where 
well-structured trees are contrasted with 
trees with ill-formed silhouettes (compet-
ing leaders and horizontal boughs that are 
too thick) – Figure 9.

The  nal part of the questionnaire 
aimed to the separate the issues of safety 

 20° 

FIGURE 5. Example of a set with a well-shaped tree (1), contrasted with a tree with unnatural lean of 
20º (2). The height of both trees is 10 m, and the slenderness value is 22

S1 

B1 

B2 

B3 

S1 

S3 

S4 

S2 

~90° Ø B1; B2; B3  0,5 x Ø S1 Ø S2; S3 > 0,5 x Ø S1 

FIGURE 6. Example of a set with trees without foliage and with crowns of varying build. One of the 
trees is well-shaped (1), whereas the other has too thick branches, competing leaders and ill-formed 
forks (2). The height of both trees is 10 m, and the slenderness value remains within the safe range (20 
and 18)
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H=
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H=
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S1 

~90° 

S2 

S3 

Ø S2; S3 > 0,5 x Ø S1 

FIGURE 7. Example of a set with a tree of seemingly stable silhouette (2) and a tree likely to break (1) 
due to extensive height, ill-structured forks, competing leaders and hazardous lean

H=
 12

 m
 

S1 

S2 

H=
 8 

m
 

Ø S2 > 0,5 x Ø S1 

force resistance (0,125) 

FIGURE 8. Example of a set with an evergreen with a safe, cone-shaped silhouette (2) and an asym-
metrical, leaning tree with ill-formed forks and competing leaders (1)

FIGURE 9. Set with trees of the same height and varying crown structure, with (1) aerodynamic and 
(2) defective structure (D. Wojtyna)



Avenue trees – esthetic preferences and safety     31

and attractiveness. Three photographs 
of roads with large trees, small trees or 
low vegetation growing alongside were 
presented together, in order to assess 
how the sense of road esthetics changes 
depending on the adjacent trees or lack 
thereof, and how this relates to the feeling 
of safety (Figs 10–12). The photographs 
presented below represent existing roads 
of a similar quality, without center lines, 
shoulder or sidewalks. It was assumed 
that all photographs present a visually at-
tractive reality. Respondents were tasked 

with grading the photographs based on 
their attractiveness and safety. A three-
-point scale was used, where one stood 
for attractive or safe, and three for un-
attractive or unsafe, where both criteria 
were evaluated separately. 

RESULTS AND DISCUSSION

The results concerning esthetic prefer-
ences in relation to tree height showed 
that the majority of respondents prefer 
tall trees (76–81%). Similar results were 
obtained in the group of respondents 
with professional experience/knowledge 
of avenue trees (70%). With the sets 
where height was one of several vary-
ing features, 65 to 75% of respondents 
chose taller trees. The trend continued in 
the second part of the survey (with trees 
in an avenue setting), with the majority 
of respondents choosing taller trees (72 
and 85%). It should be noted that the 
presence or absence of tree foliage had 
some in  uence on the assessment. In 
the sets of trees varying only in height 
there were 10% fewer tall trees chosen if 
they had no foliage, whereas in the sets 

FIGURE 10. Road with large trees that are struc-
turally defective and situated close to the edge of 
the road

FIGURE 11. Road with small trees that show 
a tendency to develop ill-formed forks, but are 
situated a safe distance from the road

FIGURE 12. Road with open view, devoid of for-
estation
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presenting more than one varying feature 
(tree silhouette or asymmetric shape of 
the crown) the number of tall trees was 
20% lower (Fig. 13). The results of the 
third part of the survey also con  rmed 
the aforementioned preference. 

As far as slenderness was concerned, 
the majority of respondents preferred 
trees within the safe range (H/D  20). 
Only 13% found highly slender trees at-
tractive. Trees with a dangerously thin 
trunk relative to the mass of the crown 
and tree height were always rejected. 
Also trees with an unnatural lean of 20° 
were not favored by respondents, as 90% 
chose vertical trees. However, this pref-

erence changed in the case of trees with 
a natural lean, where respondents slightly 
more often (56%) chose trees with a high 
lean rather than vertical ones (Fig. 14).

The results concerning esthetic pref-
erences regarding trees with varying 
crown surface showed that trees with 
a widespread and dense crown (and thus 
with high wind force resistance) are con-
sidered more attractive. This preference 
was not highly dominant for the  rst set, 
where a cylindrical crown (preferred 
by 56%) was contrasted with a cone-
shaped crown. However, the trend was 
clearly visible in the case of the second 
set, presenting a tree with a widespread 

FIGURE 13. Preference results for trees in an avenue setting varying in height: part 1 – simple sets 
varying in one feature (height); part 2 – complex sets varying in several features (height, crown shape 
and force resistance, and tree silhouette)

FIGURE 14. Preference results in relation to trees’ lean (natural and unnatural) and slenderness (% of 
votes)
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crown (preferred by 71%) and a tree with 
a neiloid-shaped crown. Finally, in the 
third set, which presented trees varying 
in two features (crown force resistance 
and ill-formed shape of the boughs), the 
preference for defective trees was most 
visible (77% preferred trees with de-
fects) – Figure 15. 

The assessment of tree crowns vary-
ing in shape showed similar tendencies. 
Crowns with defects that could indicate 
a hazard were found by respondents to 
be more attractive. There was a clear ten-
dency to choose trees with picturesque, 
widespread crowns and ill-formed 
boughs with many leaders and forked 

branches. The assessment of the same 
tree presented in different locations (sin-
gle tree – part 1; avenue setting – part 
2) differed only by one response. As few 
as 23.5% of respondents preferred trees 
with a stable build. When trees with and 
without foliage are compared, more re-
spondents chose well-structured trees 
if no foliage was present (36%). It is 
important to note, however, that within 
that group most of the respondents had 
previous knowledge of dendrology. 
Among the respondents with specialist 
knowledge of trees, 87% chose safe trees 
(Fig. 16). 

FIGURE 15. Preference results for trees in an avenue setting in relation to crown build (high or low 
force resistance)

FIGURE 16. Preference results in relation to crown shape. Part 1 – set with trees without foliage pres-
ent, a outbranching tree contrasted with an arrow-shaped tree (one dominant stem); part 2 – trees with 
foliage present, well-formed contrasted with structurally defective trees; part 3 – trees from part 2 in 
an avenue setting
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Depending on the set, a large number 
of respondents preferred highly defec-
tive trees; even among the group that 
had professional experience with avenue 
trees the choice tended towards large 
trees with multiple features that could 
indicate risk of failure. The results were 
similar for the sets presenting conifers. 
The vast majority preferred larger trees 
with asymmetrical crown, leaning sil-
houette and competing leaders. Oval- 
and cone-shaped silhouettes of small 
trees were not attractive (Fig. 17).

The last part of the survey concerned 
the varying structure of vegetation on 
the side of the road (trees of safe or ha-
zardous height, or absence of trees). The 
results show that the assessment of at-
tractiveness is inversely proportional 
to the safety of the evaluated trees. The 

photograph presenting a road with large 
trees was considered highly attractive by 
70.9% of respondents (mean score 2.13); 
however it also received the lowest score 
in terms of subjective feeling of safety 
(mean score 1.45). Exactly the opposite 
result was obtained for the photograph of 
a street with no surrounding trees, which 
received the highest score in terms of 
safety (mean score 1.95), and lowest in 
terms of attractiveness (mean score 145). 
The last photograph, presenting a road 
with small trees, received quite a high 
score for attractiveness, with 63 respond-
ents (mean score 1.65) considering it 
a very attractive scenario (Fig. 18). Only 
7.3% of respondents assessed the road 
as hazardous, which is a similar result 
to that for the road with no trees present 
(6.4%). The results were slightly differ-

FIGURE 17. Preference results for conifers and for trees in an avenue setting: trees with several struc-
tural defects contrasted with well-formed trees

FIGURE 18. Mean score of responses assessing the attractiveness and the safety of roads with varying 
con  gurations of plants at the roadside
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ent among respondents who had previ-
ous experience with avenue trees. Only 
one of these respondents assessed the 
road with large trees as hazardous, and 
40% regarded it as very hazardous. No-
body graded the roads with small trees or 
no trees as hazardous.

Figure 19 shows the number of re-
spondents whose assessment of attrac-
tiveness in correlation with the  ve se-
lected tree features was consistent with 
tree safety. The distribution of the data 
from the survey was analyzed, and the 
esthetic preferences of respondents were 
investigated in correlation with  ve cri-
teria of tree hazard assessment (slender-
ness, height, forks and sweeps, leaning, 
and crown shape).

Signi  cant differences were noted in 
the numbers of respondents within each 
of and between the  ve groups (Chi2 = 
82.55, p = 0.00). Therefore, safe trees 
were not always rated as attractive. The 
most consistent correspondence between 
attractiveness and safety is visible in the 
assessment of trees with varying slen-
derness. A great majority of respondents 
recognized as attractive the trees with 
favorable (low) H/D. On the other hand, 
the assessment of trees with varying tree 
crown resistance parameters shows large 
discrepancies between tree attractive-
ness and safety. Most of the respondents 
found attractive the trees with a (high-
-valued) crown resistance factor indicat-
ing risk of breakage or windthrow.

FIGURE 19. Tree assessment score distribution for  ve safety features of trees in correlation with at-
tractiveness (Chi2 = 82.55; p = 0.000)

FIGURE 20. Tree assessment score distribution for three safety features of trees in correlation with at-
tractiveness (Chi2 = 1.701; p = 0.427)
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Figure 20 shows the number of re-
spondents whose assessment of attrac-
tiveness in correlation with the three 
selected tree features was consistent 
with tree safety. There are no statisti-
cally signi  cant differences in the group 
numbers. The safety of trees according 
to the selected features is signi  cant 
(Chi2 = 1.701, p = 0.427). The assess-
ment of trees in correlation with tree 
height, lean and crown defects produced 
similar numbers in each group. In this 
case 29–38% chose the safe trees.

It was concluded that a majority of re-
spondents consider trees with structural 
defects or features indicating potential 
hazard to be more attractive; this corre-
sponds to the results obtained by Orians 
[1980], who concluded that people prefer 
trees which can be easily climbed on – 
leaning, with irregular, pendulous crowns. 
Similar results have also been presented 
by Sommer and Summit [1996, 1997], 
who claim that there is a preference for 
trees with round and spread crowns rather 
than cone- or arrow-shaped ones. On the 
other hand, research by Williams [2002] 
shows a strong tendency to choose trees 
of medium size, which is in disagreement 
with this and other research indicating 
a clear preference for tall trees. 

CONCLUSIONS

It has been shown that both people with 
professional knowledge and experience 
regarding trees, and those who have 
no knowledge of dendrology, perceive 
structurally defective trees as more visu-
ally appealing. Trees with a crown resist-
ance factor indicating risk of breakage or 
windthrow were found to be attractive 
by a majority of respondents. This trend 

is found in the case of assessment of 
both individual silhouettes and groups of 
avenue trees. 

Nevertheless, one can note an intui-
tive rejection of trees with certain nega-
tive features relating to tree statics, such 
as unnatural lean and high slenderness. 
It is important to note that the presence 
or absence of foliage can alter assess-
ments of trees’ attractiveness somewhat. 
Preferences shift towards defective trees 
when foliage is present. 

The assessment of roads with differ-
ing states of vegetation (small or large 
trees or without any trees) shows that 
roads with tall, large trees are considered 
most attractive, but also most hazardous. 
Only respondents with knowledge of 
dendrology do not identify tall trees as 
highly dangerous. The results show that 
the well-formedness of a tree’s silhou-
ette is not important for the assessment 
of attractiveness, and moreover there is 
no correlation between the perception of 
safety and attractiveness. 

Although this form of research does 
not give the most reliable results, as trees 
can be perceived differently in direct 
contact, it still provides an overview of 
the way in which people perceive trees 
and which features are the most desir-
able. There are quite clear tendencies to 
choose trees that are picturesque, large, 
and with widespread crowns, rather than 
well-shaped, straight and safe trees. The 
height of trees is very signi  cant for their 
assessment, with a clear preference for 
tall trees. 

The results of the survey con  rm that 
although the issue of safety is important 
in spatial planning, it should not be the 
sole factor determining the planting of 
trees. Other important factors should not 
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be overlooked, including the environmen-
tal, esthetic and health-related values of 
trees. 
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Streszczeniey: Drzewa alejowe – preferencje 
estetyczne a bezpiecze stwo. W kszta towaniu 
drzew alejowych stosuje si  ró ne kryteria, w ród 
nich wa ne znaczenie ma aspekt bezpiecze stwa 
i estetyki. Cho  kwestia bezpiecze stwa budzi 
wiele kontrowersji, to jednak rzadko prowadzi si  
badania dotycz ce postrzegania drzew potencjal-
nie niebezpiecznych. Celem niniejszego artyku u 
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jest odpowied  na pytanie, czy drzewa posiadaj -
ce cechy sprzyjaj ce z amaniom s  intuicyjnie od-
rzucane przez u ytkowników. Jest to próba zba-
dania, czy spo ecze stwo w ocenie atrakcyjno ci 
drzew kieruje si  kryteriami zwi zanymi z bez-
piecze stwem i czy mo na mówi  o instynktow-
nym rozpoznaniu zagro e  powodowanych przez 
drzewa o os abionej statyce. Wykonano badanie 
sonda owe dotycz ce preferencji estetycznych 
drzew w grupie 110 respondentów, w ród których 
10% ankietowanych deklarowa o do wiadczenie 
zawodowe zwi zane z drzewami przyuliczny-
mi. Kwestionariusz zosta  przygotowany w for-
mie prezentacji z gra  kami drzew i sk ada  si  
z trzech cz ci: (a) 18 zestawów czarno-bia ych 
sylwetek drzew pojedynczych przedstawionych 

w relacji wysoko ciowej do skali cz owieka; (b) 
3 wizualizacje alei drzew w odcieniach szaro ci; 
(c) 3 realne fotogra  e dróg z poboczem poro ni -
tym przez du e drzewa, ma e drzewa i ro liny 
zielne. W pierwszych 21 arkuszach zestawiano 
drzewa stabilnej sylwetce i os abionej stabilno ci. 
Przeprowadzone badania wykaza y, e za atrak-
cyjniejsze wizualnie uznaje si  drzewa z wadami 
budowy. Preferowane s  drzewa wysokie, z roz o-
yst , stawiaj c  du y opór wiatrom koron  oraz 

z wadliwymi rozwidleniami. Jedyne cechy uzna-
wane za nieatrakcyjne i jednocze nie wskazuj ce 
na ryzyko z amania to nienaturalne pochylenie 
i wysoki wspó czynnik smuk o ci drzewa. Niniej-
sze opracowanie jest przyczynkiem do szczegó o-
wych bada  w tym zakresie.
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