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Abstract

The heat stress modification capacity of urban trees is widely acknowledged and makes these natu-
ral landscape elements very important in the field of climate conscious urban planning. Many studies 
proved that shading, i.e. the reduction of direct solar radiation is the most effective way to moderate 
summer heat stress under Central European climatic conditions. The investigation aims at determining 
the transmissivity of four tree species that occur frequently in Hungarian cities: Sophora japonica, Tilia 
cordata, Celtis occidentalis and Aesculus hippocastanum. In order to accomplish that, a systematic radi-
ation measurement campaign was carried out in the South-Hungarian city of Szeged, from early sum-
mer (foliated condition of trees) to late autumn (nearly leafless condition). Short-wave radiation from 
the upper hemisphere was measured with Kipp & Zonen pyranometers under carefully selected tree 
specimens (transmitted radiation), as well as on a roof station free from sky obstruction (actual value 
of global radiation). The calculated transmissivity values varied greatly with the seasonal status of the 
canopy (the median value of transmissivity increased from 0.03 to 0.47 in case of A. hippocastanum), 
and we found considerable inter-species differences too, evidencing that solar permeability depends on 
the amount of leaves, leaf density and other tree crown-related characteristics.
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Introduction
Urban adaptation strategies become ever more impor-
tant, considering the rapid growth in urban popula-
tion as well as the predicted effects of climate change 
(UNFPA, 2011; IPCC, 2014). According to the latest re-
search results, summer heat stress will increase more 
in cities than in rural and natural areas (Pochter, Ben-
Shalom, 2013; Zuvela-Aloise, et al., 2015). More severe 
and longer-lasting heat stress periods are expected, 
which means even greater challenge for city dwellers. 
Several earlier studies have demonstrated that many 
urban design-related microclimates result in signifi-
cant level of bioclimatic stress in certain periods, es-
pecially in summer. Under Central-European climate 
conditions, extreme heat stress at the street level is 
usually the effect of high solar radiation and the re-
sulting high radiation budget of pedestrians (eg. Gu-

lyás, Unger, 2010; Kántor, Unger, 2011; Égerházi, et al., 
2013; Lee, et al., 2014). Carefully designed shading is 
therefore essential in the fight against heat stress and 
in the creation of comfortable outdoor places (Lee, et 
al., 2013). The most obvious way of shadowing, which 
incidentally also offers the most additional services in 
urban ecosystems, is the usage of vegetation, especial-
ly shade trees (Carver, et al., 2004; Shashua-Bar, et al., 
2009; Shadidan, et al., 2010). 

The heat stress mitigating nature of urban trees is 
widely acknowledged and makes these natural land-
scape elements very important in the field of climate-
conscious urban planning (Shashua-Bar, Hoffmann, 
2000; Bowler, et al., 2010; Erell, et al., 2011; Shashua-Bar, 
et al., 2011). Many studies based on micrometeorological 
measurements and/or model simulations have proved 
that shading, i.e. the reduction of direct solar radiation 
is the most effective way to moderate summer heat stress 
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under Central-European climate conditions (e.g. May-
er, 2008; Mayer, et al., 2008; Égerházi, et al., 2013,2014; 
Kántor, et al., 2016). Shade trees have positive effect not 
only on outdoor thermal comfort, but also on thermal 
conditions inside buildings (Akbari, et al., 1997; Dono-
van, Butry, 2009). The shadowing of exposed walls, es-
pecially west- or south-facing ones (in Central-Europe), 
lessens the warming of interiors. In a hot climate, trees 
planted around buildings (when applying the right spe-
cies to the right place) positively influence the energy 
balance and reduce the energy requirements of cooling 
them through sheltering the windows, walls, and roof-
tops from strong direct solar radiation and from the ra-
diation reflected from the surroundings (Nakaohkubo, 
Hoyano, 2011; Berry, et al., 2013).

The shading potential of trees is usually described 
by their transmissivity values (or solar permeability), 
i.e. by the proportion of solar radiation transmitted 
through their foliage (Cantón, et al., 1994; Konarska, 
et al., 2014). Despite the importance of the thermal 
stress reducing effect of shade trees, the number of 
relevant studies with practical outcomes is very small, 
and there is a lack of information about the species-
specific shading and bioclimate-regulation capacity of 
trees. In order to help fill in the knowledge gap we aim 
to determine the transmissivity differences among 
common urban trees that occur frequently in Cen-
tral-European climate conditions, and analyze the 

intra-annual changes in transmissivity as well. Our 
long-term objective is to provide a reliable picture of 
the radiation-modification effect of urban trees. In or-
der to accomplish this, a systematic series of measure-
ments were carried out in the city of Szeged (SE Hun-
gary), on common urban tree species, which covered 
the whole vegetation period. 

This study aims to present the main findings and ex-
periences from the first year of these long-term trans-
missivity measurements (2014) focusing mainly on

• the temporal change in transmissivity induced 
by autumn defoliation,

• and the inter-species differences.

These results can be used in microclimate simulation 
software to enable more reliable modeling, and thus 
provide help for urban designers and landscape archi-
tects in selecting the appropriate shade tree species.

Methods and data
Szeged is situated in the south-eastern part of Hun-
gary (46°N, 20°E; 82 m above sea level), with a pop-
ulation of about 162 000. This region of Hungary can 
be characterized with dry-warm continental climate, 
with significant drought susceptibility at summer.  
Based on data from the Hungarian Meteorological 
Service, the total annual sunshine is 2023 hours; the 

Figure 1. The examined tree specimens and study areas in Szeged, Southeast Hungary



Solar Permeability of Different Tree Species  
in Szeged, Hungary

34 Geographica Pannonica • Volume 20, Issue 1, 32-41 (March 2016)

mean annual temperature is 10.5°C, while the annu-
al sum of precipitation is only 495 mm (WMO, 1996). 
The street network of the city forms a circuit-avenue 
system, and there are several different land-use types 
from the densely built-up inner city to the detached 
housing suburban region. The study areas for this in-
vestigation are recreational places (at the Búvár lake, 
Kodály sq., Mátyás sq., and Rákóczi sq.) in the urban-
ized region of Szeged (Figure 1). 

A systematic measurement series was organized in 
order to analyze the intra-annual changes of trans-
missivity of four tree species frequently planted in 
Hungarian towns as street trees or park trees. The spe-
cies are:

• Tilia cordata (small-leaved linden)
• Sophora japonica (pagoda tree)
• Celtis occidentalis (common hackberry)
• Aesculus hippocastanum (horse-chestnut). 

To calculate the species-dependent transmissivity 
values, we measured the global radiation (total short-
wave radiation from the upper hemisphere; sum of di-
rect and diffuse solar radiation) at two locations:

• Gtrans [W/m2] is the transmitted solar radiation 
measured in the shade of the selected urban tree,

• Gact [W/m2] is the actual value of global radia-
tion measured in a reference station (inner-city 
weather station) free from sky obstruction.

Transmissivity is then calculated as the ratio of 
these values (Gtrans / Gact).

In order to select the ideal tree specimens and loca-
tions for the investigations more field trips were con-
ducted before the actual radiation measurements. The 
main criteria were to find healthy and adult individuals 
in the case of all investigated species without the dis-
turbing effect of other natural or artificial landscape el-
ements, i.e. to ensure that other objects do not influence 
the recorded parameters significantly during the meas-
urement period (typically from 10 am to 4 pm). Suita-
ble T. cordata and S. japonica individuals were found in 
Mátyás square within 1 km distance from the reference 
station (Table 1). The selected C. occidentalis tree stands 
by the Búvár-lake at a distance of over 2 km, while the 

A. hippocastanum specimen is in Rákóczi square within 
almost 1.1 km. However, during the first summer peri-
od this specific tree was attacked by Cameraria ohridel-
la (horse-chestnut leaf miner), resulting in earlier defo-
liation. In order to ensure continuous measurements a 
new, healthy A. hippocastanum individual was selected 
in Kodály square at a distance of almost 2.5 km (Table 1).

Two micrometeorological stations, equipped with 
Kipp & Zonen net radiometers (CNR1 and CNR4), 
were used to record Gtrans values under the selected 
trees. The comparability of the two pyranometers of 
these net radiometers was tested on a cloudy and a to-
tally clear summer day, and the average differences 
between the measured G values were only 10.14 and 
3.8 W/m2 on the 2 days, respectively. All data consid-
ered, the differences ranged from -35 to 50 W/m2 and 
did not exceed 25 W/m2 in absolute value in more than 
80% of the cases. During the measurement series the 
sensors were placed at a distance of 2 m on the north-
ern side of the tree trunks, with special care concern-
ing the right orientation, height and leveling.  Pyra-
nometers were situated at 1.1 m above ground level 
which corresponds to the gravity center of an adult 
European man, the usually applied standard subject 
in outdoor thermal comfort investigations (Mayer, 
2008; Mayer, et al., 2008). 

The reference Kipp & Zonen pyranometer, meas-
uring the Gact values necessary for the transmissivi-
ty calculations, is located on the top of the four-storey 
building of the University of Szeged. It is run by the 
Hungarian Meteorological Service and records 10-min-
ute mean values of global radiation. In order to be con-
sistent with this temporal resolution, the Gtrans values 
measured with 1-minute resolution were also averaged. 

In 2014 the field campaign lasted from June (foli-
ated condition of trees) to November (nearly leafless 
condition) to determine not only the interspecies dif-
ferences, but also the intra-annual changes of trans-
missivity induced by the autumn defoliation (Table 2). 
After the first four days, parallel measurements under 
the canopies of two different tree species were carried 
out at the same time allowing the comparison of their 
solar permeability under completely identical meteor-
ological background conditions.

Table 1. Main dimensional attributes of the investigated urban trees

Species Tilia cordata Sophora japonica
Celtis 

occidentalis
Aesculus 

hippocastanum I
Aesculus 

hippocastanum II

Distance from roof-
pyranometer [m]

740 945 2260 1140 2450

Full height [m] 15.5 12 9 15 13.5

Trunk height [m] 2.5 3 1.8 2 2.5

Canopy diameter [m] 9 12 14 10 9

Trunk diameter [cm] 70.5 75 70 78 57
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Results

Seasonal change of the foliage
As clear sky conditions occurred most frequently in 
the case of A. hippocastanum, the effect of foliation 
status on solar permeability is presented on the exam-
ple of this species. Figure 2 illustrates the daily curves 
of global radiation, transmitted radiation as well as 

the calculated values of transmissivity on four clear 
days.

The daily maximum of Gact was approx. 900 W/
m2 on 4 / Jul / 2014, while it reached only 500 W/m2 
on the last measurement day (28 / Oct / 2014) (Fig-
ure 2). The autumn defoliation effect is clearly shown: 
although Gact decreased from midsummer to late au-
tumn, Gtrans and consequently the transmissivity val-

Table 2. Measurement days and intervals in 2014 (colored days were selected for the analyses)

Date Sky conditions Tilia cordata Sophora japonica Celtis occidentalis
Aesculus 

hippocastanum

27 / Jun /2014 cloudy 10:10 – 17:20

1 / Jul / 2014 overcast 10:10 – 17:30

2 / Jul / 2014 cloudy 9:50 – 18:10

4 / Jul / 2014 clear 10:10 – 17:40

24 / Jul / 2014 cloudy 9:40 – 18:10 10:10 – 16:50

25 / Jul / 2014 cloudy 9:40 – 17:50 10:00 – 17:40

28 / Aug / 2014 cloudy 10:00 – 16:50 10:20 – 16:30

9 / Sep / 2014 mostly clear 9:50 – 17:20 10:10 – 17:00

18 / Sep / 2014 mostly clear 10:00 – 16:30 10:20 – 16:10

29 / Sep / 2014 clear 10:00 – 16:30 10:20 – 16:10

30 / Sep / 2014 clear 9:40 – 16:40 10:00 – 16:20

28 / Oct / 2014 clear 10:10 – 15:00 10:40 – 14:50

4 / Nov / 2014 clear 10:00 – 14:50 10:20 – 14:30

Figure 2. Seasonal change of solar permeability through the foliage of A. hippocastanum (time is in CET, Gact – actual 
value of global radiation, Gtrans – transmitted radiation)
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ues as well increased continuously in the same peri-
od. Gtrans remained under 25 W/m2 during almost the 
whole measurement interval on the first day, and had 
only a slight peak around 12:20 (CET – Central Eu-
ropean Time). More remarkable increases (up to 200-
300 W/m2) occurred between 15:20 and 16:10 indicat-
ing that the point where we placed the mobile station 
got more insolation. The transmissivity values for the 
fully shaded interval ranged between 0.02 and 0.1 and 
increased above 0.4 only in the mentioned afternoon 
period with the chance of more direct irradiation. On 
9 / Sep / 2014 Gtrans was continuously around 100 W/m2, 
except the short period from 10:50 to 11:30. The most 
common Gtrans values ranged between 100–200 W/m2 
on the last day of September, and the peaks were more 
pronounced: 500 W/m2 and 300 W/m2 around 11:00 

and 12:00, respectively. The last day can be character-
ized with the highest Gtrans values scattering around 
200 W/m2, peaking at about 400 W/m2 (Figure 2).

In conjunction with the decreasing Gact and in-
creasing Gtrans values during the summer-autumn in-
terval, the transmissivity of A. hippocastanum contin-
uously increased because of the autumn defoliation 
(Table 3, Figure 3). Since the arithmetic mean val-
ues are very sensitive to the extremes, we consider it 
more appropriate to characterize the frequency distri-
bution of transmissivity with the median and mode. 
Half of the calculated transmissivity values were be-
low 0.03 on the midsummer measurement day, while 
the medians were 0.08, 0.15, 0.21 and 0.47 on the sub-
sequent measurement days. The corresponding mode 
values were almost the same, but a little lower: 0.02, 
0.06, 0.13, 0.11 and 0.46, respectively. The mean and 
minimum values of transmissivity followed the same 
increasing order parallel with the defoliation process. 
The mean, median and mode values were always clos-
er to the daily minimums than to the maximum val-
ues (Table 3, Figure 3). 

An important shortcoming of the original meas-
urement concept related to cloudy sky conditions can 
be noticed on the transmissivity curve of 9 / Sep / 2014 
(Figure 2). Transmissivity increased sharply twice dur-
ing the day, at 13:00 and 15:40, while the curve of Gtrans 
remained consistent. These apparent jumps in trans-
missivity did not mean a real increase in the solar per-
meability of A. hippocastanum. They can be explained 
with cumulus clouds above the reference station that 
caused immediate drops in the value of global radi-
ation – however Gact was measured more than 2 km 
away from the tree, which was thus unaffected by the 
clouds’ shadow. If the reference Gact value was meas-
ured on the top of an adjacent building, such sharp 
decreases of Gact would be synchronous with the mod-
erated decreases of Gtrans curve.

Interspecies differences
As the outlined problem of ‘apparent transmissivi-
ty increase’ has occurred many times on measure-
ment days with variable sky conditions, it is advisable 
to compare the different species based on the data of 
clear days only. Another important criteria is to have 
as similar weather conditions as possible, namely to 

Figure 3. Transmissivity values of the Aesculus 
hippocastanum on different measurement days

Table 3. Basic descriptive statistics of Aesculus hippocastanum’s transmissivity on different days

Date N Mean SD Mode Median Min. Max.

4 / Jul /2014 46 0.07 0.10 0.02 0.03 0.02 0.47

24 / Jul / 2014 41 0.15 0.15 0.06 0.08 0.05 0.94

9 / Sep / 2014 42 0.18 0.10 0.13 0.15 0.09 0.57

30 / Sep / 2014 39 0.25 0.14 0.11 0.21 0.12 0.87

28 / Oct / 2014 26 0.47 0.22 0.46 0.47 0.17 1.00
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investigate consecutive days when analyzing inter-
species differences. From the 2014 database only the 
last days of September meet these demands (Table 2). 
Both days had nearly bell-shaped curves of global ra-
diation (Gact) with maximum values around 650 W/
m2, but the Gtrans-curves are obviously different indi-
cating the differences between the tree canopies of the 
four species (Figure 4).

On 29 / Sep / 2014 S. japonica had clearly higher 
transmissivity than T. cordata: median values are 0.13 
vs. 0.08 and the means are about 0.15 vs. 0.12, respec-
tively (Table 4, Figure 5). The differences on 30 / Sep 
/ 2014 between the other tree-pair are even greater. A. 

hippocastanum’s median transmissivity is 0.21 (mean: 
0.25), while C. occidentalis can be characterized with 
the most effective shading: its median transmissivity 
is only 0.04 (mean: 0.07). The latter’s shading potential 
is 5-times stronger in the end of September than that 
of A. hippocastanum. Not only the median, mean and 
mode values are higher in the case of A. hippocasta-
num’s solar permeability, but it also has a more even 
distribution, and the values cover a wider range: 0.12–
0.87. On the contrary, in the case of the other species 
the transmissivity values are clustered around a very 
specific mode: this is 0.04 for C. occidentalis and T. 
cordata, and 0.1 for S. japonica (Table 4, Figure 5).

Figure 4. Transmissivity differences between the four trees on two consecutive clear days  
(time is in CET, Gact – actual value of global radiation, Gtrans – transmitted radiation)

Table 4. Basic descriptive statistics of the investigated species’ transmissivity on the last two days of September 2014

Species N Mean SD Mode Median Min. Max.

Celtis occidentalis 43 0.07 0.07 0.04 0.04 0.02 0.36

Tilia cordata 40 0.12 0.13 0.04 0.08 0.04 0.70

Sophora japonica 36 0.15 0.08 0.10 0.13 0.09 0.52

Aesculus hippocastanum 39 0.25 0.14 0.12 0.21 0.12 0.87
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Discussion

Discussion of the results
The results from the end of September (Figures 4-5, 
Table 4) indicated higher shading capacity in the case 
of T. cordata and C. occidentalis, while S. japonica’s 
sparser canopy could be characterized with high-
er transmissivity. The analysis clearly revealed a low-
er shading capacity in the case of A. hippocastanum, 
which is in line with our field observations, as this 
species starts autumn defoliation the earliest. There-
fore the higher solar permeability of this tree can be 
explained with the half-leafless condition of the cano-
py at the end of September. T. cordata and C. occiden-
talis start to lose their leaves almost at the same time, 
after A. hippocastanum and before S. japonica. Never-
theless, compared only to T. cordata and C. occiden-
talis, S. japonica still had higher solar permeability in 
the end of September, thus the transmissivity in this 
case may depend more on the leaf area density (LAD) 
than on the amount of leaves on the tree. T. cordata 
and C. occidentalis have greater leaf surface and their 
foliage is denser than that of S. japonica’s.

However it is worth noting that the foliation pat-
tern during the spring follows a similar order: A. hip-
pocastanum is the first to come into leaf and S. japon-
ica the last. Therefore a longer and more thorough 

measurement campaign is planned including all rel-
evant seasons of the foliation-defoliation process. In 
that way the results are expected to offer more de-
tailed and reliable picture about the shading efficiency 
of common Hungarian park and street trees. Anoth-
er good reason for prolonged research with many in-
vestigation days is that we found higher intra-annual 
changes in the case of the same tree (A. hippocasta-
num; Figures 2-3, Table 3) than the inter-species dif-
ferences at the same time of the year (end of Septem-
ber; Figures 4-5, Table 4).

Seasonal comparison would be more creditable if 
the same A. hippocastanum specimen could be kept 
throughout the whole measurement period, because 
the dimensions of the studied trees (Table 1) may af-
fect the Gtrans values. The greater tree crown volume in 
the first A. hippocastanum individual means a longer 
distance through the tree crown that the solar beam 
has to pass, enhancing the foliage absorption there-
fore lowering Gtrans. On the other hand, the greater 
trunk height in the second A. hippocastanum spec-
imen means that larger amount of diffuse radiation 
may reach the sensor placed under the tree from later-
al directions. Theoretically, both of these size-related 
differences allow measuring greater Gtrans under the 
second A. hippocastanum at the same time of the year, 
provided that both individuals are healthy.

Understanding the importance of the mentioned 
dimensional attributes and many other factors re-
quires longer and deeper investigation. Namely, the 
microclimate regulation potential of trees depends 
not only on dimensional characteristics and age but 
other factors including leaf area, shape and structure 
of canopy, etc. Moreover, these factors vary if the trees’ 
state of health deteriorates (Nowak, et al., 2008). The 
decline in health is more pronounced if the tree spec-
imen does not tolerate harsh urban growing condi-
tions or does not demonstrate resilience to other local 
conditions (Jim, 2012). Climate-conscious planning, 
preliminary site assessment and prudent selection of 
species (or cultivars) positively influence the health of 
the planted trees, and ensure that they can offer the 
full scale of their ecosystem services that the urban 
population expects from them. This study may be 
considered as the basic step offering direct data about 
the shading capacity, i.e. the micro-climate regulation 
services of different urban trees.

Application of the results
In order to facilitate urban landscape planning it 
would be important to use specific transmissivity val-
ues in numerical models that characterize appropri-
ately the tree species planted frequently as street and 
park trees in a given geographical region. The out-
comes of this study, as well as the results presented 

Figure 5. Transmissivity values of the different species on 
the last two days of September 2014
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by earlier research (e.g. Shashua-Bar, et al., 2010; Ko-
narska, et al., 2014), evince that canopy transmission 
shows huge differences reaching 4-30% in summer 
and 40-80% (deciduous trees) in winter. Although so-
lar permeability depends on the leaf density, orienta-
tion of the leaves, and other tree crown-related char-
acteristics influenced by the health conditions and the 
annual foliation cycle, microclimate simulation stud-
ies usually set a single default value to this attribute for 
all tree species. However, by the use of the SOLWEIG 
model (Lindberg, et al., 2008; Lindberg, Grimmond, 
2011) it would be possible to alter this parameter (Ko-
narska, et al., 2014). 

The empirical transmissivity values of typical Hun-
garian tree species are planned to be integrated into 
radiation and micro-bioclimate modeling. In that way 
we can support the work of Hungarian landscape de-
signers to simulate the bioclimatic effect of different-
ly vegetated (planted with different species or culti-
vars in different extent) recreation areas, moreover to 
simulate the micro-bioclimatic effect of vegetation in 
the different seasons according to the foliation-defoli-
ation process.

Conclusion

Summary
Human thermal comfort and the related thermal 
stress mitigation is one of the most intensively investi-
gated issues of urban bioclimatology. The importance 
of this field is obvious when we consider the predict-
ed trends of climate change and the increasing num-
ber of city-dwellers who would live under the even 
warmer climatic conditions of urbanized areas. Plant-
ing trees for their shading (shortwave radiation re-
duction) and evaporative cooling are axiomatic and 
simple ‘means’ in the hand of urban planners to mit-
igate thermal stress in the climate regions with long 
and warm summers. But there is still a great need for 
studies which offer quantitative data about the shad-
ing capacity as well as heat stress reduction potential 
of different types of trees. In order to help the work 
of urban planners and landscape designers, as well 
as to fill this research gap in Hungary, a long-term 
transmissivity-measurement campaign was started 
in the South-Hungarian city of Szeged. Tilia corda-
ta, Sophora japonica, Celtis occidentalis and Aesculus 
hippocastanum were selected to investigate the inter-
species differences and temporal changes in solar per-
meability, as these species occur frequently in urban 
parks, squares and streets in Central-European cli-
mate conditions. 

The calculated transmissivity values varied greatly 
with the seasonal status of the canopy, and we found 

considerable inter-species differences too, evidenc-
ing that solar permeability depends on the amount of 
leaves, leaf density and other tree crown-related char-
acteristics. Nevertheless, most microclimate simula-
tion software set this attribute as default in the case of 
all trees. Our results therefore underline the impor-
tance of the usage of variable transmissivity values in 
numerical models in order to provide more reliable 
simulations. Such assessments can contribute to find-
ing the most suitable tree species in urban landscape 
planning. Besides the micro-scale results, they can 
also contribute to the methodological development of 
local scale heat stress mapping, moreover to the in-
dicator development for mapping climate regulation 
ecosystem services of urban green spaces.

Future research plans
Additional questions worth studying:

• How do the solar radiation reduction capacity of 
trees and their temporal and inter-species differ-
ences influence the bioclimatic conditions dur-
ing the different seasons?

• What is the effect of crown-health conditions on 
the above-mentioned? 

• Is it worth more to plant trees with smaller but 
denser foliage, or does a larger and sparser tree 
crown have more climatic benefits?

To meet the above-mentioned goals and to over-
come the problem of ‘apparent transmissivity increase’ 
caused by the variable sky conditions and the too dis-
tant reference station, a new research design was in-
troduced from the spring of 2015. Reference global ra-
diation (Gact) data are no more recorded using the 
pyranometer on the top of the university building (in-
ner-city weather station). Instead, one of the mobile sta-
tions is placed at an open point nearby the investigat-
ed trees. This arrangement ensures that both Gact and 
Gtrans are influenced by the very same sky conditions 
(sunny–cloudy periods); moreover, the temporal reso-
lution of the data is refined to 1-minute. A further ben-
efit of the new measurement design is the potential for 
complex microclimate analyses, as short- and long-
wave components of the radiation budget, air temper-
ature, humidity and wind velocity are measured not 
only under the tree crown but also at an open and sun-
ny point of the same study area. Besides the micro-bio-
climate regulating potential of the four tree species, the 
seasonal status of the canopy is also recorded via pho-
tos and fish-eye photos. To study the effect of foliage-
health conditions on transmissivity values, from 2015 
both the healthy A. hippocastanum and the leaf min-
er-attacked individuals are included into the investi-
gation-series. They are monitored on consecutive days 
with almost the same weather conditions.
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The measurement-based transmissivity values of 
different tree species can serve as input for radiation- 
and bioclimate modeling software to support more 
reliable simulations. In the near future we plan nu-
merical simulations to investigate the effect of tree 
species selection (meaning transmissivity and shad-
owed area differences) on the resulting reduction of 
radiation load. SOLWEIG software is planned to be-
come the basic tool for modeling the spatial distribu-
tion of mean radiant temperature in different urban 
structures (e.g. squares and streets with different ori-
entation) planted with different types of trees. Instead 
of preset transmissivity values, this software allows 
replacing them with real, measurement based trans-
missivity that characterizes properly the shading effi-
ciency of Hungarian street and park trees. Because of 
the significant annual change in transmissivity values 
(we found greater seasonal changes than inter-species 
differences at the same time of the year) we plan to 
incorporate these annual differences in the modeling 
procedure too.

Contribution to the knowledge about the thermal 
stress mitigation effect of different local tree species 
in urban areas will help landscape planners to design 
‘successful’ outdoor spaces which may be perceived 
more comfortable by people and used more frequent-
ly by the citizens.
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