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ABSTRACT
This research aims to investigate the bioclimatic conditions in different ground cover types in the
greater Athens area, Greece: a major street with heavy traffic (MS), an adjacent pedestrian street
(PS) with irrigated plants and an urban park. Four sites were selected: one in each of the streets,
and two in the park, one of which is covered by irrigated plants (IPS) while the other is covered by
non-irrigated plants (NIPS). Air temperature and relative humidity were monitored in each site during
the periods of July-August and September-October of the years 2009 and 2010. These parameters
were used for the calculation of the thermohygrometric index based on which bioclimatic conditions
were evaluated. The “Hot” class prevailed at all sites during the July-August period while similar
bioclimatic conditions detected at all environments with irrigated plants at the aforementioned period.
During autumn, the “Comfortable” class prevailed at the PS and the urban park compared to the MS.
The findings of our study could provide useful information for the design of outdoor spaces with
irrigated vegetation as well as for the plantation and irrigation of plant species on city roads with
heavy traffic.
KEYWORDS: thermohygrometric index, air temperature, relative humidity, major street, pedestrian
street, urban park, irrigation, shading, Athens.
INTRODUCTION
The outdoor recreation in urban environments is of special importance (Toy and Yilmaz, 2010) and
the use of green spaces by the visitors of the surrounding build up areas offers social and
psychological benefits. Likewise, in the urban centers of Greece, mainly during the summer, the
inhabitants like to spend their leisure time outdoors in advantageous comfortable environments.
Favorable bioclimatic conditions and lower temperatures are provided inside the parks and other
green spaces located within urban centers compared to areas with various ground cover types of
concrete and asphalt (Chow et al., 2011). For densely populated urban environments, green spaces
with woody plant species provide the effect of shading and contribute to the reducing of air
temperature (Ng et al., 2012). Therefore, the creation of the aforementioned areas and the planting
of vegetation in urban environments are supposed to be the main strategies for the mitigation of the
urban warming controlling the Urban Heat Island effect (Yu and Hien, 2006).
The urban parks and other green spaces such as pedestrian streets, transitional areas between
vegetated and built up areas are used as ideal areas for walking, sports and other cultural activities,
especially during the warmest months and early autumn period in urban areas of Greece.
The thermal environment is influenced by the built environment and ground surface covering types
(Matsoukis et al., 2012), by the evaporation of bare soil and the evapotranspiration of plants (Robitu
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et al., 2006; Larcher, 2003) and by the shading of trees and the occurrence of watery surfaces (Lin
et al., 2010; Matsoukis et al., 2012).
The occurrence of trees in the urban environments causes a cooling effect during the warmest
months (Leuzinger et al., 2010) influencing the local microclimate of the surrounding regions. In
parks, where tree vegetation dominated, more advantageous biometeorological conditions were
prevailed in comparison with other open green spaces, because of the high shading (Cohen et al.,
2012). Considerable shading resulted in the increase of the duration of cool conditions. The benefits
of this effect are noticed mainly during summer (Hwang et al., 2011) when the solar radiation
presents its higher values.
This study aims to investigate the outdoor bioclimatic conditions of different ground cover types of an
urban park in a densely populated municipality (Nea Smirni, NS) and of urban streets in the center of
Athens.
MATERIALS AND METHODS
The field experiment was performed in two places of the greater Athens area in Greece. The first
study area was the district Neo Pagrati (Figure 1a, b) located in the central part of Athens with
commercial and residential housing blocks as well as narrow and wide streets. The second area
(Figure 1a, c), Nea Smirni (NS), is located 3.5 Km southwest of the aforementioned one, on the
southern part of Athens. The Neo Pagrati area comprised two study sites which are characterized by
different ground cover types (Table 1).
Table 1. Sites and ground cover types of the study area in the greater area of Athens, Greece
Area

Neo
Pagrati

Nea
Smirni
Urban
Park

Locations
(site)

Latitude

Longitude

Filolaou
Str.
(S1)

37 57′ 58.3′′ N

23 45′ 09.7′′ E

Laskou
Str.
(S2)
IPS
(S3)
(S4)
NIPS
(S5)
(S6)

o

o

37 57′ 55.8′′ N

o

o

23 45′ 08.2′′ E

Pavement

Dominated vegetation
Morus alba L.
Morus alba L., Pittosporum
chinense Dom., Ligustrum
japonicum Thunb.,
Duranta plumieri Jacg.

Grass

Pinus halepensis Mill.,
Phoenix dactylifera L.

o

Bare soil

Pinus halepensis Mill.,
Eucalyptus sp.

23 42′ 57.2′′ E
o
23 43′ 01.3′′ E

o

23 43′ 0.6′′ E
o
23 42′ 55.9′′E

37 57′ 04.8′′ N
o
37 57′ 03.0′′ N

Asphalt

Ground cover type

o

o

37 57′ 01.6′′ N
o
37 57′ 00.9′′ N

Ground
surface

The first site S1 was located in Filolaou street, a wide major street (MS) with northeast (NE) southwest (SW) orientation, which is characterized by heavy traffic during the whole period of the
year. The second site S2 was located in the Laskou street, one of the parallels of the
aforementioned road with the same orientation (Figure 1a, b). This is a pedestrian narrow street (PS)
covered by irrigated trees and woody shrubs as well as by structural materials.
The second study area NS (Figure 1a, c) has a central urban park which occupies an area of
approximately 5 ha and comprised two studied ground cover types (Table 1). The first type is
covered by irrigated plant species (IPS) and includes small watery surfaces and a fountain. This type
comprised the sites S3 and S4. The second type is covered by non-irrigated plant species (NIPS)
and included the sites S5 and S6 as shown in Figure 1a, c.
In each study site of the two examined areas, air temperature and relative humidity data were
monitored simultaneously every 15 min by sensors with data loggers (Hobo type Pro, H08-032-08,
USA, accuracy ± 0.2 oC at 25 oC for air temperature and ± 3.0 % for relative humidity over 50-60 oC)
during the period of 2009 and 2010. The aforementioned instruments, before the installation in the
measurement locations, were calibrated in the laboratory against reference sensors and tested for a
period of five days. Additionally, every six months, the instruments were tested in situ against
reference sensors. These tests revealed no shift errors for any of the sensors. The instruments were
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enclosed in appropriate shelters screened from precipitation and direct solar radiation and mounded
under selected trees 1.5 m above ground surface. The form of the shelters allowed acceptable air
ventilation. The aforementioned measuring height was selected for comparison reasons, taking into
account that the meteorological shelter is located at the height of 1.5 m approximately above the
ground surface (Flocas, 1997). It is noted that the most rapid fluctuations of meteorological
parameters take place within the lowest few meters above ground surface (W.M.O., 1981).
Air temperature and relative humidity averages were calculated on an hourly basis for each study
site, separately for the years 2009 and 2010. These values were used for the calculation of the
average hourly values of a simple index (Toy et al., 2007), the thermohygrometric index (THI), at
each study site, according to the following equation:
THI (0C)= t-[(0.55-0.0055f)(t-14.5)]

(1)

o

where t=air temperature ( C) and f=relative humidity (%). This index was selected because it is
practical and easily applicable (Chronopoulos et al., 2012) in urban environments in Greece
(Kamoutsis et al., 2007; Matsoukis et al., 2009; Chronopoulou-Sereli and Chronopoulos, 2011) and
is based on data of environmental parameters which exist in the majority of the meteorological
stations of our country. The use of more complex indices (MCI), like the Physiological Equivalent
Temperature (PET) or Universal Thermal Climate Index (UTCI), which are based on the energy
balance of the human body (Nastos and Matzarakis, 2012; Matzarakis and Nastos, 2010) requires
more meteorological parameters (e.g. global solar radiation, wind speed etc.). This, along with the
absence of appropriate instruments for their measurement in the majority of the meteorological
stations of our country synthesize a restrictive factor of MCI use (Chronopoulos et al., 2012)
because the comparison of the results with these from other regions in Greece will not be possible.
In the case of the NS urban park, average THI values were calculated for each ground cover type of
the respective examined sites.
The mean value of average temperature in Athens was 18.2 oC according to the nearby
meteorological station of Agricultural University of Athens, from 1991 to 2011. The mean
temperature values during summer and winter were 27.3 oC and 10.2 oC, respectively, while the
mean temperature during autumn was higher by 3.0 oC compared to the respective value during
spring. Also, it has been reported that between the transitional seasons, autumn is warmer than
spring (Mariolopoulos, 1938). Therefore, in this paper we choose to present autumn, and specifically
its warmest months, September and October, as the warmest transitional season of the year. Also,
we present July and August as the warmest months of the absolute warmest period of the year,
summer, while we do not take into account the winter season. It is noted that in the aforementioned
examined months, the visitors prefer green spaces than other ground cover types.

Lonngitude (N)

Latitude (E)

(b)

(c)

Figure 1. Study region (square with
black color) in Attica, Greece (a)
and study sites of examined ground
cover types* in (b) Neo Pagrati (S1,
S2) and (c) urban park of Nea Smirni
(S3, S4, S5, S6) in the greater area
of Athens, Greece
(Source: Google Earth 2013, on 23-62012).
*The ground cover types were not
changed after the field measurements
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Average THI values were used for the evaluation of bioclimatic conditions (Table 2) as modified from
Toy et al. (2007). It has been reported that the discomfort levels of a precursor index, the Thom’s
index, were predicted in the Greater Athens Area using artificial neural network models during the
hot season of the year (Vouterakos et al., 2012). The relative frequencies of THI values for both
study years were calculated on an hourly basis during the examined periods.
Table 2. Relation of bioclimatic conditions with thermohygrometric index (THI)
Bioclimatic conditions
Cool
Comfortable
Hot
Very Hot

THI (oC)
+13.0 to +14.9
+15.0 to +19.9
+20.0 to +26.4
+26.5 to +29.9

RESULTS AND DISCUSSION
Bioclimatic conditions as expressed by the relative frequencies of different THI classes in each hour
for the examined periods at the ground cover types of the studied locations are presented in Figures
2 and 3. The classes “Hot” and “Very Hot” were detected during the hottest period (July-August) at
all study sites, with “Hot” prevailing (relative frequency > 86.0%) during almost the whole day (Figure
2a, b, c, d).
Noticeable percentages of the THI values (33.1% at MS and 23.5% at NIPS) were classed as “Very
Hot” from 10:00 to 19:00 h (Figure 2a, c). Small percentages (approximately 5.0%) of these values
were detected in both PS (Figure 2b) and IPS (Figure 2d). Also, a small percentage of the THI
values (totally 5.4%) occupied the “Comfortable” class in IPS site from 04:00 h to 06:00 h (Figure
2d).
Disadvantageous biometeorological conditions prevailed during the hottest period of the year at MS
and NIPS sites, because of the greater percentages of “Very Hot” class in comparison with the PS
and IPS sites. It is noted that MS is characterized by NE-SW orientation. Cohen et al. (2012)
reported that unfavorable thermal conditions were provided in the east-west oriented streets during
the summer. Also, the lack of irrigation at the MS and the NIPS sites causes a negative impact on
their thermal environment in relation to the PS and IPS sites.
During the September-October period the classes “Comfortable”, “Hot” and “Very Hot” were detected
at all study sites. The “Comfortable” class prevailed at the PS (> 52.2%), NIPS (> 49.3%) and IPS (>
52.1%) sites (Figure 3b, c, d, respectively) while the “Hot” class prevailed (> 56.0%) at the MS site.
At this site, a smaller percentage (42.2%) of THI values occupied the “Comfortable” class during the
whole day (Figure 3a) while noticeable percentages of the THI values were classed as “Hot” at the
PS (47.7%), NIPS (48.4%) and IPS (46.3%) sites (Figure 3b, c, d). Additionally, small percentages of
THI values were classed as “Very Hot” (Figure 3a, b, c, d) at all study sites (from 0.1% at PS to 1.3%
at MS) and “Cool” at IPS (1.4%) and NIPS (1.1%) sites (Figure 3c, d).
It seems that similar and more favorable bioclimatic conditions prevailed in both areas of PS and IPS
sites (smaller percentages of THI values as “Very Hot” in the summer and greater percentages of
these values as “Comfortable” in the autumn), in relation to MS and NIPS sites, during the whole
studied period. This fact could be attributed mainly to the irrigation of the trees and other plant
species in these areas. It is noted that watery surfaces are located near the IPS site. Regarding the
role of irrigation, and water in general, on local microclimate, the findings of our study are in
accordance with the study of Horbert et al. (1988) who mentioned that more advantageous
bioclimatic conditions prevailed in the heavily irrigated green areas (e.g. National Garden) in
comparison with natural wooded areas (e.g. slope of Lycabettus hill), in Athens, Greece during the
May-September period. Hassaan and Mahmoud (2011) indicated the beneficial effects of urban
parks on bioclimatic conditions and pointed out the combined impacts of trees and watery surfaces
on the shading effect and evaporative cooling.
Also, Leuzinger et al. (2010) have reported lower foliage temperature values in park trees than the
respective values of street trees in Basel, Switzerland.
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Time (LST)
Comfortable

Hot

Very Hot

Figure 2. Relative frequencies of different classes of thermohygrometric index (THI) values on hourly
basis in (a) the major (MS) and (b) pedestrian (PS) streets of Neo Pagrati, in the environments with
(c) non-irrigated (NIPS) and (d) irrigated (IPS) plant species of Nea Smirni urban park in the greater
area of Athens, Greece, during the July-August period of 2009 and 2010.
(LST: Local Standard Time=Greenwich Meridian time +2 h)
CONCLUSIONS
This study focuses on the investigation of bioclimatic conditions in different places of the greater
Athens area, Greece: a major street with heavy traffic, an adjacent pedestrian street with irrigated
plant species and different ground cover types of an urban park with irrigated and non-irrigated plant
species. The major conclusions are highlighted below:
 During the summer the “Hot” class prevailed at all study sites of the examined areas.
 Similar bioclimatic conditions during the summer were noticed between the two
environments with irrigated plants (pedestrian street and site with irrigated plant species
inside the park).
 The “Comfortable” class prevailed at the pedestrian street and at both ground cover types
inside the urban park (irrigated and non-irrigated) while the “Hot” class prevailed at the major
street during the autumn.
The findings of our study could be used for outdoor space design emphasizing the increase of
irrigated vegetation in open spaces, such as urban parks and pedestrian streets, especially in the
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hottest months of the year, as well as for the design of plantation of irrigated shrubs and trees on city
roads with heavy traffic.

Time (LST)
Cool

Comfortable

Hot

Very Hot

Figure 3. Relative frequencies of different classes of thermohygrometric index (THI) values on hourly
basis in (a) the major (MS) and (b) pedestrian (PS) streets of Neo Pagrati, in the environments with
(c) non-irrigated (NIPS) and (d) irrigated (IPS) plant species of Nea Smirni urban park in the greater
area of Athens, Greece, during the September-October period of 2009 and 2010.
(LST: Local Standard Time=Greenwich Meridian time +2 h)
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