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Abstract

Klein J., Rózová Z.: Methods of trees evaluation with the site-specific effect for microclimate in urban 
environment: the case of study Nitra (Slovakia). Ekológia (Bratislava), Vol. 36, No. 1, p.  40–51, 2017.

Microclimatic factors in selected vegetation structures have been monitored in a compact histori-
cal built-up layout in the Nitra municipality. We have observed relationship between microcli-
matic factors (air temperature, relative air humidity and surface temperature) and microclimatic 
environment indices (MEI). MEI were created for selected trees with varied structure on the basis 
of synthesis of input data (layout samples of canopy layer and urban geometry). They point out 
the impact of trees and environment on microclimate in an urban environment during hot days. 
Surface temperature is a significant factor. The model shows that the surface temperature in vari-
ous structures of trees and varied urban geometry could be identified through MEI. From the mi-
croclimatic point of view, the tree cover in the narrow street with 8 MEI has the greatest cooling 
effect. MEI from 8 to 13 proved the cooling effect with regard to the general diameter of the area. 
The higher the number of MEI, the lower is the cooling effect of the trees.
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Introduction

Urban environment with its characteristics creates urban climate. Built-up areas with 
artificial surfaces increase the air temperature. Trees in urbanised environment work 
as stabilisers and improve the urban climate at the local level depending on the size 
of its area and structure. Rosenfeld et al. (1995) found out that except increasing the 
albedo, tree planting may also reduce or efficiently reverse the urban heat island (UHI) 
effect and conserve energy. Lowering the air temperature by canopy layer, cities will 
enjoy (a) reduced air conditioning loads in buildings and (b) improved thermal com-
fort for pedestrians in outdoor urban spaces (Erell et al., 2012). Trees cool the air by 
evapotranspiration and prevent its overheating by shading the artificial surfaces. A more 
extensive tree cover may provide significant ecosystem services such as regulation of 
urban microclimate by moderating temperatures, decrease in the urban water outflow, 
reduction of the energy consumption of buildings and reduction of air pollution (Pa-
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taki et al., 2011; Nowak et al., 2006). Many factors have an impact on the microclimate. 
Shashua-Bar and Hoffman defined it as ‘site-specific effect’. It encompasses the effect of 
all unspecified variables governing the site microclimate such as geometric configura-
tion, tree characteristics and growth factors. The shading coverage effect expresses the 
effect of the factors governing the penetration of solar radiation. The canopy shading is 
determined interalia by canopy shape and depth and leaf area distribution, spacing of 
the trees and growth factors such as cultivation and irrigation regime. Different levels 
of shading will produce different levels of the cooling effect (Shashua-Bar, Hoffman, 
2000). The maximize cooling effect of shade trees is possible by careful selection of spe-
cies based on their canopy and leaf characteristics (Bau-Show,Yann-Jou, 2010). As the 
amount of vegetation cover increases, the radiative temperature recorded by a sensor ap-
proximates more closely the temperatures of green leaves, and the canopy temperature at 
spectral vegetation maximum or complete canopy cover. It is of significance to scrutinize 
the temperatures of each part of the vegetation-ground system (such as shaded ground, 
sunny ground, shade vegetation, and sunny vegetation) and to examine the effects of 
different canopy structures (Caselles et al., 1992; Kimes, 1983). Wang and Akbari (2015) 
have found out, that increasing tree crown diameter could provide significant reduction 
of air temperature, than increasing tree height, because of the bigger shading areas could 
reduce solar energy absorption in summer. Planting trees without space between the tree 
crowns could maximise to the environmental effect.

The aim of this study was to create a simple assessment tool for evaluation of trees, 
their structures and environment by the selected variables and to compare it to the meas-
ured microclimatic factors of the environment (air temperature, surface temperature, air 
flow and relative air humidity).

Material and methods

The study was under way in the locality 
Compact layout (CL) in the town his-
torical centre of the Nitra municipality 
in Slovakia according to Klein and Ró-
zová (2016). Land cover of CL consists 
of the following three elements rep-
resented as percentages of tree cover: 
(1) tree canopy with grass/herbaceous 
(greenspaces), (2) canopy layer and (3) 
impervious surface. Buffer of the whole 
locality points out the ratio of density 
of the built-up areas (81%) and green 
spaces (19%). Canopy layer overlaps, at 
the same time, the green spaces and the 
built-up areas. Its representation is 9% 
of the buffer area. The densely built-up 
historical part of the town represents 
more of the strengthened sites than 
the industrial part of the town, and it 
is a typical example of numerous towns Fig.1.Sites in the locality Compact layout in the town historical centre.
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with urban climate, which is under the influ-
ence of reduction of surfaces covered with 
vegetation (Kuttler, 2008). The size of the 
buffer (150 m) was determined based on the 
distance from A to K site (150 m) at the Far-
ská street where the trees showed its cooling 
effect (Klein, Rózová, 2016). Eleven sites have 
been selected in the locality (Fig. 1), taking 
into consideration the northern–southern 
orientation of the streets. The sites represent 
the public greenery. Seven sites represent var-
ied structure of woody plants (sites A, B, D, 
E, G, H and I). One site represents only the 
strengthened surfaces without any impact of 
vegetation (site K). Three supplement sites 
are located outside the buffer (sites C, F, J). 
In the sites I, H and A, the temperature of the 
tree bark has also been recorded. The sites I 
and H represent diseased woody plants that 
are visually recognisable (Fig. 11).

The site A (Fig. 2) is located at the Farská 
street with an alley of trees in a narrow street 
corridor. The tree cover is composed of Tilia 
cordata (Mill.) with Acer sp. (cultivar). In this 
street, there is also the site K (Fig. 3), which 
represents only the spaces without vegetation 
(Klein, Rózová, 2016).

In the site B (Fig. 4), there are adult trees, 
mostly Aesculus hippocastanum (L.) and Acer 
pseudoplatanus (L.) at the Piaristická street. 
It is small and square bordered from three 
sides. The studied tree cover is complement-
ed here by trimmed shrubs.

The site E (Fig. 5) is located at the Pia-
ristická street and it goes to an open space 
of a car park. The tree cover is composed of 
Chamaecyparis pisifera, which is situated in 
the grass traffic island. A part of the site is 
densely covered by Hedera helix (L.).

The site C (Fig. 6) at the Ďurkova street is 
of open space character with the tree cover of 
Tilia cordata (Mill.). The site has the biggest 
diversity of neighbouring trees.

The site D (Fig. 7) is at the Piaristická 
street. In the narrow part of the street that 
leads to the open space of the small square 
of the site B, there is the tree cover of Acer 
platanoides (L.).

The site F (Fig. 8) is located at the Jozef 
Vurum street in a narrow street space with 
three young individuals of Fraxinus sp. (cul-
tivar) in a grassy island.

The site G (Fig. 9) is located in the Na vŕšku square and it is composed by an open space with a chapel in 
the middle. The tree cover consists of young individuals of Tilia cordata (Mill.) in a grass traffic island.

Fig. 2. Site A – Farská street (photo: J. Klein, 2016).

Fig. 3. Hard surface of site K without vegetation effect, Farská 
street (photo: J.Klein, 2016).

Fig. 4. Site B, Piaristická street (photo: J.Klein, 2016).
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In the site J (Fig. 10), there are separate 
trees of Corylus colurna (L.) along the mar-
gin of the Svätopluk square. The site is com-
posed of an open space.

The site H (Fig. 11) is located to the 
north of the site A at the Farská street in a 
narrow street corridor. The tree Tilia cor-
data (Mill.) is a diseased individual, which 
is visually recognisable (withered branches).

In the site I (Fig. 11), there is also a dis-
eased individual of T. cordata (Mill.) that is 
situated opposite to the site B in the margin 
of a small square at the Piaristická street.

Measurements in research areas

Microclimatic data (air temperature, relative 
air humidity, surface temperature and air flow) have been obtained by the anemometer TSI VelociCalc 9565 – 
P. Measurements were taken at midday (from 12:00 till 13:00 of the summer time) in the areas of high pressure 
and the air flow of maximum 2 m/s. The surface on which temperature was measured represents only asphalt 
with an exception of the site J, where there was natural stone paving. The site has been selected by taking into 
consideration the geometry of the street and tree cover. Measurements have been carried out in the shade of 
the tree cover directly under a tree or under the biggest individual from the tree cover. The measuring probe 
has been located at the height of 150 cm. The measurements were carried out from July to August 2015. The 
data have been statistically evaluated by the one-way analysis of variance (ANOVA) test and verified by Tukey’s 
honest significant difference (HSD) test of the Statistica 7 software.

Structure of vegetated areas

Visual processing of the tree cover structure has been made by normalised difference vegetation index from 
the infrared images of Pleiádes Satellite Imagery (2014) of high-resolution (0.5 * 0.5 m/pixel). Because canopy 
layer may be discontinuous between urban structures, accurate 
representation of UHI requires high resolution of satellite im-
agery (Nichol, 1994). The selected locality has been reclassified, 
recoded and vectorised in the Quantum GIS 2.10.1 Pisa software. 
The objects of buildings have been taken from OSM maps (open-
streetmap.org) and finished according to the images and current 
status. The output represents the vector objects of anthropogenic 
surfaces, green surfaces and the canopy layer. Canopy layer (Fig. 
1) is a healthy tree cover (on the basis of a good chlorophyll re-
flectance). The sites H and I with their diseased individuals do 
not have any or have only a small object of visualisation (canopy 
layer – Fig. 1) that also shows their deteriorated health condition.

Evaluation of vegetation structure with site-specific effect	

Microclimatic environment indices are composed by five factors 
(Table 1):

•	 Green spaces (GS) – the presence/absence (1; 2) of 
grassy surfaces in the spaces under trees.

•	 Neighbouring trees (NT) – mutual distance of trees in 
relation to the intersection of crowns (1–4, where 4 = 
separate tree; 3 = neighbouring trees in a distance more 
than the width of its crown; 2 = crowns are in contact; 

Fig. 5. Site E, Piaristická street (photo: J.Klein, 2016).

Fig. 6. Site C, Ďurkova street (photo: 
J.Klein, 2016).
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1 = crowns have impact on each other).
•	 Openness of spaces (OS) – average distance from four marginal points of a street corridor subse-

quently converted by rounding the indexed number (up to 10 m = 1; 10–20m = 2 and the like). If we 
were not able to determine the fourth marginal point, the average of the remaining three was multi-
plied by 1.5. The individual points are patterned on the distance from – 1 to 7).

•	 Crown size (CS) – average width of a tree crown or tree crowns of the whole tree cover in metres 
from the biggest to the smallest (1–5, where 1 = site B (Fig. 3) and site C (Fig. 8); 2 = site A (Fig. 2) 
and site D (Fig. 4); 3 = site E (Fig. 6); 4 = sites H, I (Fig. 7) and site F (Fig. 10); 5 = site G (Fig.11) 
and site J (Fig. 9)).

•	 Crown density (CD) – density of the sunspots in the tree cover shade (1–5, where 1 = dense crown 
(sites A, E, C, B); 2 = sites D and J; 3 = site G; 4 = sites H and I; 5 = thin crown (site F)). Shade fac-
tor plays a major role in determining the cooling effect of the site. Different levels of shading will 
produce different levels of the cooling effect. The shading coverage effect expresses the effect of the 
factors governing the penetration of solar radiation (Shashua-Bar, Hoffman, 2000).

MEI is a numerical expression of the ‘site-specific effect’. They are the selected variables such as greenspaces, 
neighbour trees, openess of spaces, crown density and crown 
size. Shashua-Bar and Hoffman (2000) have mentioned it as the 
effect of all unspecified variables governing the site microclimate 
such as geometric configuration, tree characteristics and growth 
factors. The lowest number of MEI expresses the best character-
istics of the ‘site-specific effect’ from the viewpoint of the po-
tential cooling effect of vegetation and the potential impact of 
street configuration on the microclimate. The highest number 
expresses the potentially lowest cooling effect of vegetation and 
the potential impact of street configuration on the microclimate. 
The primal expression of a potential progression for comparing 
the microclimatic factors displayed through the MEI is showed 
in Table 2. MEI are represented by the sites, and they are linked 
to them. To check the relation between the ‘site-specific effect’ 
displayed through MEI and the selected microclimatic factors, 
the linear regression model has been used.

Results and discussion

In evaluating the data of the measured microclimat-
ic factors – air flow, air temperature, relative air hu-

midity and surface temperature in 
the selected sites – we have used the 
one-way ANOVA analysis. The dif-
ference in the surface temperature 
factor (Fig. 12) amongst the sites 
was statistically significant (one-
way ANOVA, α = 0.05, df = 10, p 
= 0.000). P value has been verified 
by Tukey’s HSD test. P < 0.05 was 
amongst the sites A, B, C, E and 
K. The air flow has been evaluated 
only in the selected sites (Fig. 13) 
for the check. None of the sites ex-

Fig. 7. Site D, Piaristická street (photo: 
J.Klein, 2016).

Fig. 8. Site F, Jozef Vurum street (photo: J.Klein, 2016).
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ceeded 2 m/s according to the methodology. The 
site F showed higher values of the air flow in com-
parison with the other sites, though the difference 
was not statistically significant (one-way ANOVA, α 
= 0.05, df = 4, p = 0.000). Tukey’s HSD test has not 
shown significance. We consider this fact important 
for comparing the microclimatic factors amongst 
the sites. The differences amongst the sites depending on the air temperature (Fig. 14) 
and relative air humidity (Fig. 15) were not statistically significant at the level of signifi-
cance α = 0.05.

The sites were arranged by the created MEI from the lowest to the highest (Figs 12–
14). The box plots show the measured microclimatic data in the sites. Linear fit points 
out the sites being on the uptrend (depending on the factors).

The sites arranged from the lowest value of MEI to the highest value of MEI were 
compared to the sites ordered from the lowest value to the highest value in the units 

Fig. 9. Site G, Na vŕšku square (photo: 
J.Klein, 2016).

Fig. 10. Site J, Svätopluk square (photo: 
J.Klein, 2016).
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Microclimatic environment indices (MEI)

T a b l e  1. Overview of the sites and factors ( f) for the created MEI.

T a b l e  2. Comparison of the sites according to MEI and micro-
climatic data ordered from the lowest to the highest for the indi-
vidual factors (H(MEI), relative air humidity visualised through 
MEI; AT(MEI), air temperature visualised through MEI; ST(MEI), 
surface temperature visualised through MEI).

H(MEI) AT(MEI) ST(MEI) MEI Sites
13 8 8 8 A
8 11 11 9 B

17 13 13 11 C
11 19 9 12 D
15 14 19 13 E
x 17 17 14 F
9 9 12 15 G

19 12 14 17 H
14 x 15 18 I
12 18 18 19 J
18 15 x x K
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of the microclimatic fac-
tors displayed through 
MEI (Tables 3–5). The 
overall overview can be 
seen in Table 2. To check 
the upward tendency (or 
the downward tendency 
in the case of relative hu-
midity), we compared MEI 
with the measured micro-
climatic data by simple 
linear regression. The re-
gression analysis for the 
surface temperature (Fig. 
16) shows that if we in-
crease the MEI by one unit, 

the surface temperature will be in-
creased by 1.01 oC. Even when the 
Pearson correlation coefficient (r = 
0.729) shows the high degree of de-
pendence, the quality of the model 
(coefficient of determination) (r2 = 
0.532) is only 53.2%. This indicated 
that different structure of canopy 
layer could help to reduce the sur-
face temperature. If we consider the 
site J (MEI 19), the surface of which 
consists of natural stone with lower 
temperature capacity than asphalt, 
by its omission, we obtain a more 
precise estimation. Then we will in-
crease the precision of the model to 
67.8% (surface temperature: MEI: y 
= -17.9141 + 1.0474*x; r = 0.8232; p 
= 0.0000; r2 = 0.6777).

Growing tendency of air tem-
perature and relative air humidity 
according to MEI in the sites has 
not shown itself to be statistically 
significant. Regression analysis has 
proved the low model quality (Figs 
17 and 18). Even when consider-
ing the mentioned site J, the mod-

Fig. 11. Diseased trees of both Site I, Piaristická street, and site H, Farská 
street (photo: J.Klein, 2016).
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Fig. 12. Surface temperature on sites, arranged by MEI.

Fig. 13. Airflow on sites, arranged by MEI.
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Fig. 14. Air temperature on sites, arranged by MEI.

Fig. 15. Relative air humidity on selected sites, arranged by MEI.

Fig. 16. Relation between MEI and the surface temperature in 
the sites.

el quality was not increased (air 
temperature: MEI: y = -36.9829 + 
1.4101*x; r= 0.3448; p = 0.0293; r2 
= 0.1189; relative humidity: MEI: y 
= 16.6009 – 0.0977*x; r = -0.1837; p 
= 0.2565; r2 = 0.0338). Tukey’s HSD 
test has not shown significance for 
the p value of one-way ANOVA.

The average air temperature in 
the locality was 31.2oC. The aver-
age relative air humidity was 29.7%, 
and the average surface temperature 
was 35.9oC. The sites with value of 
the observed factor lower than the 
average values of the whole local-
ity factors had cooling effect on the 
surroundings. The factor of surface 
temperature points to the cooling 
effect in the sites with 8, 9, 11 and 13 
MEI (Table 3). The factor of air tem-
perature points to the cooling effect 
in the sites with 8, 11, 13, 14 and 19 
MEI (Table 5). The surroundings of 
the site J with 19 MEI consists of a 
paving of natural stone. We assume 
that this factor has an impact on the 
air temperature in the site. The fac-
tor of relative air humidity points to 
the cooling effect in the sites with 8, 
11, 13 and 17 MEI (Table 4).

The site H with 17 MEI repre-
sents a diseased tree with poten-
tially lower transpiration capability. 
We presume that the site is under 
influence of the street canyon effect 
of which the canopy layer may have 
an impact on the surrounding sites. 
The healthy tree cover of the site A 
with 8 MEI, which is in approxi-
mately 50 m distance from the dis-
eased tree in the site H with 17 MEI, 
represents the 16.7% difference in 
the relative air humidity. We assume 
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that the site E with 13 MEI shows 
the highest relative air humidity 
because of the dense undergrowth 
of Hedera helix (L.). It is a semper-
virent (always green) tree cover.

The tree cover and urban geom-
etry have an impact on the micro-
climate of the sites. A street canyon 
with tree cover keeps its cooling 
effect more than a tree cover in a 
wider street. Average difference in 
the air temperature between the site 
with tree cover (site A) and the one 
without tree cover (site K) in the 
street canyon was 1.42 oC, whilst the 
biggest difference achieved was 1.9 
oC. Difference between the street 
canyon and the sites that were more 
open was also bigger. We presume 
that the air flow and openness of 
spaces influence the microclimate 
and their intensity influences the 
other observed microclimatic fac-
tors. The air flow may influence the 
heating effect of a wide street too. 
That can be an important factor 
and should be taken into considera-
tion in the design of trees in a street 
(Shashua-Bar, Hoffman, 2000). We 
assume that the street canyon raise 
the microclimatic effect of the tree 
cover. A higher tree cover could lim-
it the turbulent flow and have a pos-
itive impact on the maintenance of 
a microclimate. A higher canopy will 
allow less vertical mixing of warm air 
down to 1.5 m above the surface as 

there is a greater distance for turbulent eddies to penetrate (Hardwicket al., 2015).

Conclusion

The aim of this study was to create a model for the evaluation of the tree cover in ur-
ban environment that quantifies input factors such as green spaces, neighbour trees, 

T a b l e  3. Surface temperature in the sites with MEI arranged 
from the lowest to the highest value. Negative values in differ-
ences point to the cooling effect of the tree cover (∆ST, average 
surface temperature; r∆ST, difference of the site from the aver-
age of the whole locality; R∆ST, difference of the site from the 
average of the whole locality in percentage).

Sites MEI ∆ST (oC) r∆ST (oC) R∆ST (%)
A 8 28.18 −3.02 −9.69
C 11 29.20 −2.00 −6.40
E 13 29.53 −1.67 −5.36
B 9 30.38 −0.82 −2.64
J 19 31.30 0.10 0.33

H 17 31.75 0.55 1.77
D 12 32.03 0.83 2.65
F 14 32.23 1.03 3.29
G 15 33.03 1.83 5.86
I 18 34.38 3.18 10.19
K x 38.13 6.93 18.69

Sites MEI ∆H (%) r∆H (%) R∆HT (%)
E 13 35.45 5.79 19.53
A 8 35.25 5.59 18.86
H 17 30.30 0.64 2.17
C 11 29.70 0.04 0.14
G 15 28.93 −0.73 −2.47
K x 28.40 −1.26 −4.40
B 9 28.30 −1.36 −4.58
J 19 28.20 −1.46 −4.91
F 14 28.10 −1.56 −5.25
D 12 26.35 −3.31 −11.15
I 18 26.00 −3.66 −12.33

T a b l e  4. Relative air humidity in the sites with MEI arranged 
from the lowest to the highest value. Positive values in the dif-
ferences point to the cooling effect of the tree cover (∆H, aver-
age air temperature; r∆H, difference of the site from the average 
of the whole locality; R∆HT, difference of the site from the aver-
age of the whole locality in percentage).
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openess of spaces, crown size and 
crown density. Using MEI as an as-
sessment tool for trees and their 
surroundings did not show itself to 
be significant in relation to the air 
temperature and relative air humid-
ity. Because of the limited number 
of measurements used, however, 
these data should be considered in-
dicative rather than conclusive. The 
surface temperature is an interest-
ing factor. Statistically significant 
difference turned out to be between 
the surface temperatures in the sites 
whilst the regression analysis points 
to 53.2 or 67.8% significance. By 
that, the MEI point out the micro-
climatic differences in various tree 
cover layouts by taking into consid-
eration the urban geometry during 
hot days. MEI may be used to indi-
cate the temperature of asphalt sur-
face under the tree cover by which 
the extent of the cooling effect on 
the surface is quantified. The model 
shows that by increasing the MEI 
by one unit, the surface tempera-
ture could be increased by 1.01oC. It 
means that the tree cover with a low 
number of MEI has better effects on 
the surface temperature. The rela-
tionships between street structure 
and urban trees, when quantified, will allow managers to create and maintain functional 
and beneficial urban trees. Architects or urbanists often take into consideration mainly 
the aesthetic side of trees rather than the landscape value, suitability of tree types, spaces 
and connecting green elements. Empirically found benefits of trees are often generally 
interpreted or mentioned only as background information. One‘s got to consider how 
many decision-makers use the cooling function of trees as one of the primary ones. This 
may be contrary to the aesthetic function and suitability for selected sites. It is very dif-
ficult to plant trees in densely built-up localities without green spaces where the cooling 
function of trees is the most visible. In this type of built-up layout, it is the MEI that may 
help and through which we can indicate a site-specific effect. It is necessary to know 
various types of trees and environment structures to be capable to work with MEI values. 

   

Relative air humidity:MEI:   y = 17.2185 - 0.1028*x; r = -0.1855; p = 0.2280; r2 = 0.0344
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Fig. 17. Relation between MEI and relative air humidity in the sites.
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Fig. 18. Relation between MEI and the air temperature in the sites.
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The effect is within a long-term 
period, of course. Even when 
the relations between trees and 
urban environment are very ex-
tensive, researches dealing with 
them indicate that trees ensure 
better and healthier living of 
the inhabitants of towns.
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