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Abstract: A vast amount of studies on typical urban green and open spaces such as parks and urban squares does ex-
ist. Studies on small-scale clusters such as open spaces between buildings and similar design features that may provide 
passive cooling potential are, however, in general, limited. This study examines the microclimatic conditions of small-
scale open spaces such as courtyards and small backyards in Athens. Courtyards are common architectural solutions 
that can be positive or negative urban climatic elements. Backyards, the result of regulations due to the high building 

-
yards were appropriately monitored along with two reference sites during the summer of 2019. A detailed statistical 

1 Introduction
-

perature among urban and suburban locations reaching up to 4.5 K (Giannopoulou et al. 2011, Livada et al. 2002). 

of Athens, large urban green spaces (i.e. parks) have been found to play a critical role in the pattern of UHI but their 
-

mal conditions as a result of vegetation absence (Zoulia et al. 2009). In contrast, the thermal behavior of small spaces 
(green or not) whose existence may not even be the result of intentional design, such as irregular open spaces between 

quantitative studies in Greece showed that under heat wave conditions, air temperature values   in small vegetated areas 

courtyards   may be used as passive cooling tools for buildings, contributing to the reduction of energy consumption 
during the summer months (Tsiros 2010). This study is aimed at quantifying the contribution of small urban green 
spaces to mitigate adverse bioclimatic conditions within the urban environment of Athens during summer, where the 
UHI phenomenon is aggravated.

2 Data and Methodology

2.1 Location and Data
Measurement sites were established in a typical neighborhood of Athens, Patisia, and included three courtyards located 
in the interior of urban blocks and one at the roof level open to the sky, all located within an 80 m radius (Fig 1). In the 

-
lit conditions (Garden Sunlit) and one in the same garden but under tree canopy (Garden Shade). The second courtyard 
is a typical non-vegetated small backyard (Backyard) shaded mainly from the surrounding walls and the third courtyard 

mainly the result of regulations due to high building density construction in the 1950–1970 period in Athens. During 
that period, the old family houses were replaced by small apartment blocks resulting to the backyard areas, irregularly 
shaped spaces, usually without plants and trees, mainly designed for daylight and ventilation to the backside rooms 

Filadelfeia station (Hellenic National Meteorological Service - HNMS) located approximately 3.8 km from the neigh-
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-

inside white aluminum louvered solar radiation shields, placed in approximate 1,1 m of the ground and programmed 

National Meteorological Service in the form of three-hour averages. Measurements were conducted in a twenty-six-
day period August 18 - September 12, 2019.

Fig. 1. Measurement positions. 1, Garden Sunlit; 2, Garden Shade; 3. Roof; 4, Backyard and 5, . 

2.2 Methodology
All air temperature data recorded in-site were averaged in one-hour timesteps and hourly minimum and maximum val-
ues were also calculated. Data obtained from the HNMS Station where downscaled from three-hour values to one-hour 
values using linear interpolation. To examine warming and cooling patterns in the study area, hourly air temperature 
values (Tair) recorded at the monitoring sites were compared with the corresponding values of the reference site. In or-

2.3 Statistical analysis 

meteorological conditions, measured at the reference site. Kruskal-Wallis H test was used to identify the potential sta-

were similar for all groups, as assessed by visual inspection of a boxplot. Pairwise comparisons were performed using 
Dunn’s procedure with a Bonferroni correction for multiple comparisons. Tair data showed a non-normal distribution 

s
) were used to examine the association between them. Linear regression 

homoscedasticity and normality of residuals were met.

3 Results
-

were calculated. Minimum average Tair (27.3°C) recorded in the reference site outside of the examined urban cluster 
and maximum (29.3°C) was recorded in the Roof. Among the three courtyards the lowest average Tair values were 
recorded in the Garden Shade (

the reference station (19.8 

(4.8 K) which is the least exposed to the sky. The daily pattern of minimum and maximum Tair values (Fig. 2) portray 
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the lowest between all positions.

island patterns in the morning until noon with peak hour approximately 9:00 and an extended peak period of four 
hours (09:00-13:00) for . Heat island patterns peak in the afternoon and all night with peak hours 
approximately from 18:00 to 20:00. 

Table 1. (a) Air temperature (Tair) in examined locations and the reference site during measurement period and (b) Air 

Abbreviations: SD, Standard Deviation; Abs, Absolut; DM, Daily Mean; GSu-F, Garden Sunlit - HNMS Station; GSh-

Roof - HNMS Station.

Fig. 2. Daily minimum and maximum air temperature patterns in examined locations and reference site during the 

HNMS Station.
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Fig. 3. during the monitoring period. Negative values (green cells) 

every measuring position. Abbreviations: GSu-F, Garden Sunlit - HNMS Station; GSh-F, Garden Shade - HNMS Sta-

-

-

s
>0.8) and a weaker 

(p<0.001, r
s

and HNMS Station (p<0.001, r
s

s

(p<0.001, r
s

accounting for 

temperature (Tair in reference site).

Table 2. 
Station). Maximum Tair 38.8 °C was recorded at the reference site for the year 2019.

Abbreviations: GSu-F, Garden Sunlit - HNMS Station; GSh-F, Garden Shade - HNMS Station; B-F, Backyard - HNMS 

4 Conclusions
This study analyzed data from in-situ measurements concerning air temperature patterns in typical small urban open 

-
rounding buildings in typical urban blocks should, however, be studied further as a separate cooling factor. Further 
studies should also focus on the correlation of meteorological parameters between a standard meteorological station 
outside the examined urban cluster and a reference location inside the cluster (i.e. a roof or a nearby square) to have a 
versatile way of modeling the thermal conditions in various urban environments. 
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