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ABSZTRAKT
A vérosi zoldfeliiletek rendszerében kulcsszerepet tol-
tenek be a koztertileten all6 fak, amelyeknek egyre
nagyobb kihivasokkal kell szembenézniiik az urbaniza-
cid, a klimavaltozas és az emberi beavatkozasok hatasai
miatt. A zoldteriiletek jelentésen javitjak a mikroklimat,
tdmogatjak a bioldgiai sokféleség megorzését, és eszté-
tikai értékiik is jelentds, ezért védelmiik és fejlesztésiik
kiemelten fontos. Kutatdsunk a budapesti szabadterek
lombkorona-fedettségét értékeli a telepitési stirtiség fligg-
vényében, kiilonos figyelemmel a terek és utcak fas szara
novényeinek telepitési tavolsagara és az ebb6l adodo bori-
tottsagi értékek osszehasonlitdsara. Vizsgalataink soran
figyelembe vettiik a telepitéskori, jelenkori és a teljesen
kifejlett lombkorona aranyadnak mennyiségi és minségi
valtozasait, hogy az egyes fafajok igényeit és sajatossagait
(koronaforma, novekedési erély) figyelembe véve idea-
lis telepitési ajanlasokat fogalmazhassunk meg. Masodik
esettanulmanyunk soran a Szent Gellért tér fadllomanyat
vizsgaltuk. Az értékelés soran megallapitottuk, hogy a
linedris facsoportok egyedei - taxontdl fiiggetlentil - habi-
tusuk, lombkoronaformajuk és telepitési stirtiségiik alap-
jan kozel idedlis feltételek mellett fejlédnek, és varhatdan

a jovében is jol fejlodhetnek. Ezzel szemben a zoldkazet-
tdkban 4ll6 fak kozil elsdsorban a facsoport kiils6 egyedei
bizonyulnak hosszu tavon is értékesnek az 6kosziszté-
ma-szolgaltatdsok szempontjabdl. A jelenlegi nyilt lomb-
feltiletek aranya g7%, amely a vizsgalt szabadterek kozott
a legjobb értékek kozé tartozik, azonban a fak kifejlett
koraban a zoldkazettdban ez az arany 52%-ra, mig a line-
drisan iiltetett facsoportok esetében 71%-ra esik vissza,
ezért kijelenthet6, hogy a zoldkazettdkban 4ll6 taxonok a
rossz telepitési stirliség kovetkeztében jelentésen aka-
dalyozni fogjak egymas fejlédését, és kedvez6 hatasaikat
sem képesek teljes mértékben kifejteni majd a jovében.

Kulesszavak: varosfasitds, fasorok, lombkorona-boritottsdg,
telepitési stirtiség ©

4D 74, 32-41. (2024)

Table 1: Case study sites
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Kozteriilet neve / Elhelyezkedés / Kiterjedés /  Zéldfeliilet-boritottsdg/ Fak szama/
Name of the public area Location Size Green space coverage Number of trees
Méricz Zsigmond kortér/ Méricz Zsigmond Square XI. kertilet / 11" district 11.200m? 1380m? 76db

Szent Gellért tér / St. Gellért Square X kertilet / 11" district 5300m? 1760m? 32db

Széll Kalman tér / Széll Kdlmdn Square 11, XIL keriilet / 2nd, 12" district 21.000m? 3450m? 112db

Olimpiai park / Olimpia park V. kertilet / 5™ district 8100m? 6425m? kb db
Podmaniczky Frigyes tér / Podmaniczky Frigyes Square V. kertilet / 5 district 4700m? 750m? 60db

Févam tér / Févam Square IX. kertlet / 9" district 5300m? 740m? 38db

ABSTRACT
Trees in public places have a key role in the urban green
space system and are facing increasing challenges due
to urbanisation, climate change and human interven-
tions. Green spaces significantly improve the microcli-
mate, support biodiversity conservation and have signif-
icant aesthetic value, which makes their protection and
enhancement a priority. Our study assesses the canopy
cover of open spaces in Budapest as a function of plant-
ing density, with a special focus on the planting distance
of woody plants in open spaces and streets, to compare
the resulting cover values. Our studies have taken into
account quantitative and qualitative variations in the pro-
portion of canopy at the time of planting, at the present
time and at full maturity, in order to formulate ideal plant-
ing recommendations taking into account the needs and
characteristics (crown shape, growth vigour) of each tree
species. Our second case study focused on the tree popu-
lation of St Gellért Square. The assessment showed that
the specimens of linear tree groups, regardless of taxon,
are growing under near ideal conditions in terms of habit,
canopy shape and planting density, and are expected to
continue to grow well in the future. In contrast, the trees

in green cassettes are mainly the outer ones of the tree
group, which are of long-term value for ecosystem ser-
vices. The current open canopy cover of 97% is among the
highest of the open spaces studied, but this falls to 52%

in the green cassette and 71% in the linear planted tree
groups when the trees reach maturity, suggesting that
the green cassette species will significantly impede each
other’s development due to poor planting density and will
not be able to fully develop their beneficial effects in the
future.

Keywords: urban forestry, allées, tree canopy cover,
planting density

1.INTRODUCTION
The role of urban trees has been increasing in the context
of urbanisation and climate change, as they contribute to
heat island effect reduction, microclimate regulation and
air filtration, while their root systems improve soil struc-
ture, reduce erosion [1-3] and increase social interaction
[4-7], while they have recreational and cultural [7-g] value.
At the same time, trees in urban environments have dif-
ficulty in adapting to increased human activity and the
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consequences of global climate change [10]. The qual-
ity and quantity of green spaces are degraded by urban
development, including the growth of covered surfaces
and vehicular traffic [2,3,11]. In addition, the life span of
urban trees is significantly shorter than in natural envi-
ronments, making the preservation and enhancement of
green spaces a priority for the future [12-16].

The ecosystem services provided by urban trees can
be divided into four main categories: provisioning, regu-
lating, supporting and cultural services [17]. International
studies have investigated different aspects of ecosystem
services, including the energy-saving potential of urban
trees and the use of allometric equations to estimate can-
opy size [18-22].

Our research aims to explore the problems of urban
tree planting and to determine the ideal planting dis-
tances for different taxa in order to maximise the climatic,
ecological and aesthetic benefits of the canopy.

2.METHODS
Our studies were conducted at individual level in the
major open spaces of Budapest and their directly con-
nected tree-lined areas (Table 1).

We assessed the woody taxa in the open spaces at
three different times: when the square was renovated,
in its current state, and when the taxa had reached their
adult size.

For the 2011 data on “growth vigour” [24] by Gabor
Schmidt, several values were identified that needed fur-
ther clarification, so a growth factor was calculated from
the variable tree dimensions (crown diameter/canopy
volume) and age, and the taxa were redefined according
to their growth vigour. To define mature canopy cover, we
introduced a “growth Factor” based on the taxa’s develop-
ment to date, which can be slow (0-0.2), average (0.3-0.5)
and fast (0.6>) [23,25].

current size of the canopy
canopy size at planting

Growth factor =
age of the tree

Based on the calculations, we have identified free (green
in the figures), partially overlapping (yellow) and signifi-
cantly overlapping (red) crown categories for the individu-
als studied. In terms of overlapping, an important differ-
ence was that we recorded the overlapping of the crowns
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<<Fig. 1: Habits of the dominant taxa of St. Gellért Square at planting,
present day and maturity: 1) Quercus robur ‘Fastigiata’, 2) Malus tchonoskii
‘Belmonte’, 3) Corylus colurna, 4) Tilia platyphyllos
<<Fig. 2: Canopy cover changes in St Gellért Square at the time of reno-
vation (1%), currently (17%) and when the trees reached maturity (23%)
Table 2: Assessment of the woody taxa of St. Gellért Square according to

their growth vigour
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Taxonok / Taxa Telepités Lombkorona Schmidt-féle Schmidt-féle Atlagos Ndvekedési erély
éve / Year atmérs* koronaforma/ novekedési novekedési a Szent Gellért
of planting  2023-ban Cronw shape erély / Growth tényezt / téren / Growth

(m) / Crown according to potential Average vigour on the St.
diameter* in Schmidt [24] according to growth Gellért Square
2023 (m) Schmidt [24] factor

Acer negundo 1980 14,8 Tojés / Oval Gyors / Fast 04 Atlagos / Average

Chamaecyparis lawsoniana cv. 2003 3,2 Kap / Conical Atlagos / Average 0,3 Atlagos / Average

Corylus colurna 2003 94 Tojés / Oval Atlagos / Average 0,3 Atlagos / Average

Fraxinus ornus 2003 73 Tojas / Oval Lasst / Slow 04 Atlagos / Average

Malus tchonoskii ‘Belmonte’ 2003 5,3 Tojés / Oval Atlagos / Average 03 Atlagos / Average

Prunus x eminens ‘Umbraculifera’ 2023 1,2 Gomb / Round Atlagos / Average 0,2 Lasst/ Slow

Quercus robur ‘Fastigiata’ 2003 48 Oszlop / Columnar Atlagos / Average 0,3 Atlagos / Average

Tilia platyphyllos 2003 5 Tojés / Oval Atlagos / Average 0,2 Lassti / Slow

* a vizsgalt egyedek aktudlis koronadtmérd adatok atlaga alapjén /* based on the average of the actual crown diameter data of the studied specimens

of two different specimens as partially overlapping (yel-
low), while more than two specimens were defined as
significantly overlapping (red). The asymmetry and crown
distortions caused by buildings were also represented
with red. All these indicate which individuals have a less
than ideal distance from the planting site or buildings
which leads to an underdeveloped character and limited
growth over time [23].

The second site of our research is St. Gellért Square,
which, like Mdricz Zsigmond Square, is located in the
11th district of Budapest. The square has been landscaped
since 1952 and was last renovated in 2003. From an urban
and environmental point of view, it is a very varied square,
as the Danube and the Gellért Hill determine the microcli-
matic conditions to a large extent, while the metro line 4
and the surface tram and bus transport put a heavy strain
on the green spaces [26,27].

3. RESULTS
A total of 28 woody specimens belonging to 8 differ-
ent taxa were found in St Gellért Square. Pyramid oaks
(Quercus robur ‘Fastigiata’) are dominant, with 10 spec-
imens. The habit of the trees identifies three types of

crowns: columnar, globular and flattened conical (Fig. 1).
All 28 trees are located in green areas. The exact date

of the planting of the old green maple (Acer negundo) is
unknown, but it is assumed that it was planted in the
1980s at the north-east corner of the Gellért Hotel. In
2024, two American tulip trees (Liriodendron tulipifera)
were planted in the green box next to the metro station,
but they died due to the dry summer. The trees in the
green cassette next to the metro are 3 to 5 metres apart,
while the trees in the arched planting in front of the
Gellért Hotel are 5 to 6 metres apart. Their distance from
the buildings is 7-8 metres, which does not hinder their
growth [23].

3.1. Canopy cover assessment
In order to define the canopy cover in the future, the
growth vigour of taxa was investigated. The revised
growth factor showed that most taxa in St Gellért Square
grow more slowly than the values of Schmidt. The large-
leaved linden (Tilia platyphyllos) and the dwarf sour cherry
(Prunus x eminens ‘Umbraculifera’), considered to be of
‘average’ growth, show ‘slow’ growth in this environment,
while the green maple (Acer negundo), classified as ‘fast’,
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and the flowering ash (Fraxinus ornus), considered to be
‘slow’, both show ‘average’ growth rates. The growth rates
of Tschonoskii apple (Malus tchonoskii ‘Belmonte’), Turkish
hazel (Corylus colurna), pyramid oak (Quercus robur ‘Fastig-
iata’) and Oregon false cypress (Chamaecyparis lawsoniana
cv.) are in line with those of Schmidt (Table 2).

Since the renovation in 2003, the pyramidal oaks
(Quercus robur ‘Fastigiata’) in green cassettes have
become the dominant feature on the eastern side of the
square. However, we observed significant differences in
size between the specimens: the canopies of the trees
at the edge of the group is much more developed than
those of their counterparts in the interior, which have less
space and are in a shadier environment. Differences in
height of up to 2-2.5m were observed, while differences
in crown width of up to 3m were noted. The growth and
vigour of linden trees in green cassettes is significantly
below that of the other species. Their crowns are dry and
their vigour is below that of an average 20-year-old large-
leaved linden. In contrast, no significant differences were
observed in the specimens of Tchonoskii apples (Malus
tchonoskii ‘Belmonte’) and Turkish hazel (Corylus colurna)
in front of the hotel.

Free canopy

Partially overlapping canopy

- Significantly overlapping canopy

o/

=l TOR

When canopy cover was examined, it was found that
the Turkish hazel, which currently provides high shade,
would be the taxon with the largest canopy cover. The
current canopy cover of the 5300 m? square is go3m?,
while it is assumed that the canopy cover will be more
than 1200m? when the trees are mature, resulting in an
overall canopy cover of 23% (Figure 2) [23].

3.2. DETAILED ANALYSIS

OF TREE GROUPS
In the detailed analysis, three groups of trees with differ-
ent compositional roles and different taxa were examined.

3.2.1 Study of tree specimens

in the green cassette
A total of 13 specimens of two taxa are found in the 376 m?
central green box on the eastern side of the square. Of
the trees found here, seven of the columnar oaks are
larger (4.5m>) and three are smaller (<3.5m), while three
of the large-leaved lime trees are nearly the same size
(5m) (Fig.3).

Although 13 trees may seem like a lot in the green

space, the oaks have a high proportion of open canopy

QrF1 aktudlls f current
OrFl kifejlatt f mature
QrF2 aktuélis f current
QrF2 kifejlett { mature
QrF3 aktuilis f current
Qrf3 kifejlett / mature |

QrF4 aktudlis f current

QrF4 kifejlett / mature |

QrFS aktudlis f current
Qrfs kifejlett / mature
QrF6 aktudlis f current
Qrf6 kifejlett / mature
QrF7 aktualis f current.
QrF7 kifejlett / mature
QrFa aktuilis / current
QrfF8 kifejlett f mature
QrFe aktudlis f current
QrF9 kifejlett / mature
WwF10aktudlis / current
IrFL0 kifejlett / mature

Tpl aktualis § current
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Fig. 3.a-b: Canopy assessment of a tree group in the green cassette in

its current and predicted mature state

Fig. 4: Canopy assessment of a group of trees in the green cassette in the

current and mature state
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even when planted close together. Currently, five out of
ten have partial overlap, averaging only 0.8 m? A simi-
lar result is observed for linden trees, where the average
overlap is 1.2m? The overall results show that g6% of the
canopy of the tree groups is growing free, while the par-
tially overlapping area is 4%, and no significant overlap
was observed in any of the crowns (Figure 4).

If all specimens reach their assumed adult size in the
future, the expected results are less favourable. The per-
centage of useful canopy area will drop from g6% to only
32%, while the percentage of partially overlapping crowns
will increase to 41% on average. The largest change is in
the proportion of significantly overlapping crowns, where
almost one third (28%) of the total crowns will be in this
category. The most noticeable change in canopy cover will
be observed in the oaks near the lime trees. These oaks
have an average free canopy area of 4.5 m?. Even worse
ratios are obtained for the inner specimens of the oak
group, where more than half of the canopy will be sig-
nificantly overlapping. The columnar habit improves the
proportions slightly, but it can be concluded that only the
upper quarter of the canopy area will be aesthetically and
ecologically valuable.

Free canopy

Partially averlapping can

Significamtly overlapping

The oaks in the northern part of the green cassette
have a large amount of open canopy even at maturity, so
their beneficial effects will be significant. In contrast, the
proportion of partially overlapping canopies is on average
50% for linden trees [23].

3.2.2. The group of trees in front
of the Gellért Hotel

The detailed study of the northern section of the hotel
found two Turkish hazel (Corylus colurna), two Tschonoski
apple (Malus tschonoskii ‘Belmonte’) and an old green
maple (Acer negundo). The specimens were planted at
a spacing of 6-gm, which is ideal for both current and
mature size. The largest tree in the group is a green maple
with a crown 14.8 metres in diameter. Among the younger
trees, the apple and hazel trees are also growing ideally,
with crowns that are typical of the taxon and are ecologi-
cally and aesthetically outstanding (Figure 5).

The planted taxa have and will have significant use-
ful canopy area. The apple trees, which have an upward
branching system, show a slight overlap with the broader
habit hazel and maple trees around them. Due to the
linear planting, no significant overlapping crowns have

4D 74, 32-41. (2024)
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Fig. 5.a-b: Canopy assessment of the group of trees in front of the Gel-
lért Hotel in their current and predicted mature state
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developed in either the current or mature state. Cur-
rently, the proportion of open, free canopy cover aver-
ages 94% for the five individuals. Today, only one of the
ornamental apples is overlain by part of the foliage of
the nearby hazel. As the specimens in the urban environ-
ment are almost mature, the proportions will not change
significantly in the future. The open foliage is expected
to decrease by only 5%, while the percentage of partially
overlapping surfaces will average around 11% (Figure 6).

3.2.3 Assessment of the St Gellért

embankment facies specimens
The longitudinal part of the St. Gellért embankment is tax-
onomically diverse. Flowering ash (Fraxinus ornus), field
maple (Acer campestre), common ash (Fraxinus excelsior),
hybrid cockspur thorn (Crataegus x lavallei ‘Carrierei’),
American hackberry (Celtis occidentalis), Russian olive
(Elaeagnus angustifolia) and Siberian elm (Ulmus pumila
‘Puszta’) were planted.

We have analysed specimens from the embankment
section directly adjacent to St Gellért Square, where
seven elms (Ulmus pumila ‘Puszta’) and one flowering ash
(Fraxinus ornus) are found. Specimens were generally

Free canopy

Partially overlapping canopy

Significantly overlapping canopy

1

planted at a distance of 6-7m, but in case of vacant tree
sites or disturbing infrastructure, this distance can exceed
1om. An examination of their current condition shows
that although they are not ideal from an aesthetic and
health point of view, their existing canopy is fully benefi-
cial in ecological terms, with all eight specimens having
100% free canopy cover. The elms grow a broad crown, so
significant crown overlap can be expected when mature.
The current 100% open canopy cover will decrease to
44%, while the proportion of partially overlapping crowns
will increase to 56% on average. As the Siberian elm has a
nearly horizontal branch system, the overlapping crowns
do not significantly interfere with each other. The free
canopy area percentage of flowering ash falls back to less
than one third at maturity, and it is not able to compen-
sate for these parts in terms of habit (Figure 7) [23].

4. DISCUSSION
The assessment of the woody vegetation of St Gellért
Square and St Gellért Embankment showed relatively pos-
itive results, especially in terms of canopy cover. When
looking at the canopy cover, it is important to note that
the heavy rail and vehicle traffic through St Gellért Square



~
o

A TELEPITEST SURUSEG ES A LOMBKORONA-BORITOTTSAG VIZSGALATA BUDAPESTI SZABADTEREKEN
STUDY OF PLANTING DENSITY AND CANOPY COVER IN OPEN SPACES IN BUDAPEST

Ccl aktudlis [ current
Cel kifejlett [ mature
Cc2 aktualis f current
Ce2 kifejlett | mature
Ivit6 aktudlis / current
M6 kifeflett / mature
Mt7 aktudlis / current
M7 kifejlett [ mature
Anl aktualis [ current

Anl kifejlett / mature

UpP1 aktudlis / current
UpP1 kifejlett / mature
UpP2 aktualis / current

UpP2 kifejlett / mature

UpP2 aktudlis [ current

UpP3 kifejlett / mature

UpP4 aktudlis [ current
UpP4 kifejlett [/ mature
UpP5 aktudlis [ current
UpP5 kifejlett / mature
UpP6 aktudlis / currant

UpP& kifejlett [ mature

UpP7 aktuélis / current

UpP7 kifejlatt / mature

Fo2 aktuilis / current

Fo2 kifejlett/ mature

o Szabad lombfelllet / Free canopy

breaks up the entire square for a considerable distance.
If we take the open space area - 3509 m?” - instead of the
actual area, the canopy cover is 26%, which is within the
ideal range (25-30%) [28].

Careful analysis of the planting distances showed that
the tree spacing correctly reflects the space requirements
of each taxon. As a result, the current canopy cover is
extremely high at g7%, one of the best values among the
open spaces studied. However, it should be noted that
this percentage will decrease to 52% as the trees mature,
mainly due to the dense planting of the green cassettes,
as the proportion of open canopy in the linearly planted
tree groups decreases to 71%. Partially overlapping and
significantly overlapping crowns will naturally increase
as they grow, from the current 4% to 45% and from 0% to
20% of the total, respectively.

The overall assessment shows that individuals in
linear tree groups, regardless of taxon, are and can be
expected to continue to develop in a near-ideal way in
terms of habit-canopy form-planting density, while among
the trees in green boxes, it is mainly the oaks on the outer
edge of the group and the globe oaks that can be of real
long-term benefit in terms of ecosystem services, while

“
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Részben atfeds lombfelilet / Partially overlapping canopy
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74%
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m JelentSsen atfedd lombfelilet [ Significantly overdapping canopy

the crowns of the currently undeveloped lime and inte-
rior oaks are largely dominated by the trees surrounding
them. ©
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Fig. 6: Canopy assessment of the tree group in front of the Gellért Hotel
in its current and predicted mature size

Fig. 7: Canopy assessment of the St Gellért embankment canopy in its
current and predicted mature state
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