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a b s t r a c t

Solar access has a critical influence on human thermal comfort. In shaded areas, direct shortwave ra-
diation fluxes decrease and a cooling effect is produced. The percentage and position of shaded areas in
an open space depend on sun position and urban morphology, so they change during the day, affecting
attendance distribution over time. The study assessed the relationship between daily shading patterns,
attendance and thermal comfort during summer at San Silvestro square in Rome, Italy. Field in-
vestigations were conducted on 1st and 2nd August 2014, including meteorological measurements and
unobtrusive observations. The assessment of thermal comfort was based on the Physiologically Equiv-
alent Temperature (PET), calculated using the RayMan model. The majority of visitors at San Silvestro
square sought shaded locations when sitting, resulting in a variation of attendance throughout the day.
The attendance in unshaded location passed from 0 to 2 people at 11:00 to 2e10 at 12:00, whereas the
attendance in shaded locations had a minimum of 0e4 at 12:00 and a maximum of 52e94 at 18:00. This
preference was strongly correlated with thermal comfort analysis, as PET values were significantly lower
in shaded areas. The minimum difference in the median of PET from shaded and unshaded locations was
2 �C at 18:00 and the maximum difference was 7 �C at 11:00. The main findings of this study highlight
the importance of considering daily shading pattern when renovating open spaces in Mediterranean
climate and can be used as reference for future renovations.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Urban open spaces include all the outdoor areas of cities that are
physically accessible to the public with few restrictions [1]. Within
the fragmentation of contemporary city, due to political and soci-
oeconomical issues (such as urban sprawl and the emphasis on
private transportation) the morphology and use of open spaces
appear particularly heterogeneous. While some open spaces are
considered mere leftover expanse with no defined purpose, mostly
used as a car park, thus increasingly deteriorating, well designed
open spaces have enhanced over time the social and environmental
quality of towns. They accommodate several activities, planned or
spontaneous, promoting the interaction of citizens and their feeling
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of identity and security, and, indirectly, improving local economy
and people's health [2,3].

The presence of visitors has often been considered as an indi-
cator of the success of a public open space [4]. Although urban
design does not always have an immediate effect over the quality of
people's social contacts, numerous factors concerning the physical
framework and the usability of the space appear to be correlated
with visitors' attendance: for example location, dimensions, spatial
and perceptive characteristics, design detailing and provision of
furniture [5e8]. Among these factors, several researches high-
lighted the significant influence of urban microclimate and human
thermal comfort on people's behaviour and usage patterns in open
spaces, for different climates [9e12].

Human body does not possess specific receptors for thermal
parameters, but it rather perceives the thermal environment as a
global, multidimensional experience [13]. From the physiological
point of view, human thermal comfort is reached when heat flows
to and from the human body are balanced and skin temperature
and sweat rate are within a comfort range [14]. To evaluate human
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thermal comfort, numerous thermal indices have been developed,
comprehending the Universal Thermal Climate Index (UTCI [15]),
the Outdoor Standard Effective Temperature (OUT_SET* [16]) and
the Physiologically Equivalent Temperature (PET [13,17]) among the
most used. All these indices consider the energy balance of the
human body and take into account fundamental thermo-
physioregolatory processes, like the constriction or dilation of pe-
ripheral blood vessels and the physiological sweat rate, in order to
produce a comprehensive, reliable representation of human body's
actual physiological sensations. They are essentially controlled by
four meteorological variables: air temperature (Ta), water vapour
pressure (VP), air velocity (v) and mean radiant temperature (Tmrt).

Mean radiant temperature parameterizes the impact of all
short- and long-wave radiation fluxes on human body [18]. During
daytime, it represents the most important variable influencing
human thermal comfort [19] and it is strongly related to solar ac-
cess. When solar access is restrained, as in shaded areas, direct
shortwave radiation fluxes are reduced and the temperature of
shaded surfaces decreases; thus, long-wave radiation fluxes from
the surface decline as well, producing a general cooling effect
[20,21].

Beyond the physiological consequences of shade, several re-
searches indicated that people living in a specific climate have
different perception of shade's influence on thermal comfort,
depending on their expectations [22,23]. Studies conducted on
temperate climate concluded that, during both winter and summer,
the higher the solar access, the higher the attendance at an open
space [24,25]. On the other hand, attendance in warmer regions
during summer was strongly reduced when shade was not pro-
vided. Cohen et al. [9], Nikolopoulou and Lykoudis [26], Lin et al.
[11,27], Watanabe et al. [28] underlined the high use of shaded
locations in summer for Mediterranean urban areas in Tel Aviv and
Athens and in Tropical urban areas in Taiwan and Nagoya, Japan. A
direct comparison between the attendance of open spaces in Japan
and Sweden confirmed these conclusions [12]. People from the two
countries expressed a dissimilar attitude towards shade, with more
Japanese people seeking shade when air temperatures are higher
than 20 �C, while sunbathing was a very common activity in Swe-
den, but it was extremely rare in Japan (0.2% of people in a park,
0.6% of people in a square).

This critical role of shade for human thermal comfort can be
directly promoted by urban design. In fact, for a given open space,
shade is determined by sun position, orientation and urban
morphology, namely the shape and position of buildings and
vegetation [29]. Mediterranean historical city centres are often
characterized by a minimal use of greenery. Several urban regen-
eration plans considered greenery an extraneous, not traditional
element, taking as a model the paved “placas duras” of Barcelona's
urban revitalization programme for the Olympic games of 1992
[30]. For these open spaces, daily shading patterns depend on
buildings rather than vegetation.

The analysis of daily shading patterns, changing during the day
for different points of a single open space, has seldom been taken
into account by previous researches on attendance and thermal
comfort for Mediterranean climates, which focused on the com-
parison of various open spaces [9], or studied meteorological var-
iables separately [26]. However, given the importance of shade for
warm climates [27], this analysis is paramount to inform renova-
tion projects, thus indirectly promoting the attendance of public
open spaces in Mediterranean regions during summer period.
Following this assumption, the aims of the current study were to:

� investigate the relationship between attendance and daily
shading patterns at an open space in the Mediterranean climate
during summer;
� examine the influence of daily shading patterns on human
thermal comfort;

� compare the attendance and the thermal comfort conditions of
different points of the square, characterized by different daily
shading patterns.
2. Methodology

2.1. Study field

The square selected for the study, called San Silvestro square
(Fig. 1), is located in the city centre of Rome (coordinates 41�540 N
12�300 E, elevation 20 m), the capital of Italy and its largest and
most populated city. Rome extends on the river Tiber and its centre
is about 24 km from the Mediterranean Sea; its climate is dry-
summer subtropic Csa, according to K€oppen-Geigen classification
[31], with mild, humid winters and hot, dry summers.

San Silvestro square is a quadrangular paved open space of
approximately 80 � 60 m2, situated in the core of the historic
part of Rome, close to relevant touristic sites, shopping boule-
vards and offices (Fig. 2). The square area is restricted to
pedestrian traffic and flanked by two vehicular roads on NNW
and SSE sides, which represent also the main accesses. It is tra-
versed by many pedestrian routes and it is well connected to
public transport. It used to be a main bus hub until it was
pedestrianised in 2011, when the transportation network of the
area underwent major changes. The renovation project proposed
a recreational use of the square, furnishing it with long, marble
benches, arranged according to a formal pattern that provides
almost equally distributed sitting facilities. However, it did not
have any distinct concern for the microclimatic conditions and
the thermal behaviour of the place.

The selection of this square for the study presented several
advantages. It is relevant to the topic, because of its shape: on the
SSE side there is a flanked road, so the daily shading patterns of the
effective pedestrian area derived mainly from two buildings on the
WSW and ENE sides, whose casted shade significantly changes
during the day according to sun position. The absence of vegetation
and the homogeneity of pavement's material and benches' material
reduce the incidence of surface cover on thermal comfort for
different points. There are no privileged accesses or predominant
activities that could interfere with people's distribution within the
square. The square was designed as a typical example of “placa
dura”, devoid of any greenery, thus it is representative of a common
urban open space type in Mediterranean historical cities.

2.2. Field data collection

The field data collection was based on measurements of mete-
orological parameters and on unobtrusive observations of the vis-
itors of the square. Since the study focused on summer conditions,
the analysis was conducted on Friday 1st and Saturday 2nd August
2014, to explore people's behaviour on work days and during the
weekend. Both observations and measurements were acquired
every 10 min from 8:00 to 19:50. Following the definition given by
K�antor and Unger [32], data about the number of visitors every
10 min are referred to as momentary attendance. We took into ac-
count the behaviour of people depending on local time during
summer, so all results refer to Local Standard Time (LST) þ 1.

2.2.1. Meteorological measurements
A Humidity Temperature Meter HH314A, with a measurement

resolution of 0.1 K and 0.1%, was used to measure air temperature
and relative humidity every 10 min. The instrument was mounted



Fig. 1. Location of the study site: San Silvestro square in Rome, Italy. The subdivision indicates the sub-zones (from A to H) used to perform the unobtrusive observation and to
calculate thermal comfort using PET index. Point M represents the position of the meteorological measuring instrument at the square.
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on a lightweight aluminium tripod camera stands at a height of
1.1 m, corresponding to the average height of the gravity centre of
adults [33]; its accuracy is 2.5% for relative humidity and 0.7 K for
air temperature. Following Oke's recommendations [34], the in-
strument was positioned in an open point of the square (sky view
factor ¼ 0.56), sufficiently distant from vertical surfaces, and it was
sheltered from direct solar radiation. Fig. 1 shows the exact location
of the instrument at the square, represented by the point M. Data
with 10 min resolution for cloud cover and air velocity were ob-
tained from the Collegio Romano meteorological station, which is
located approximately 500 m from San Silvestro square. Since the
station is above roof level (40 m above ground), air velocity was
reduced to the reference height of 1.1 m:

v1:1 ¼ vh $

�
1:1
h

�a

(1)

a ¼ 0:12 $ z0 þ 0:18 (2)

where v1.1 is the air velocity at 1.1 m height, vh is the air velocity at
the meteorological station's height, h is the meteorological station's
height, a is an empirical exponent depending on the surface
roughness and z0 is the roughness length. In this study, z0 was set at
1.5 m, which represents a densely built-up urban area (high floor
area ratio) according to the classification of Davenport [35]. This
reduction is supported by other studies on thermal comfort con-
ducted in urban environments [26,36,37].
2.2.2. People observations
The main usage of the square is resting on the benches, so un-

obtrusive observations recorded only the visitors sitting or other-
wise lingering at the square for more than 10min, excluding people
who were only passing through the area. We registered also the
gender and, approximately, the age of visitors, separating them by
looks into four groups: children, adult males, adult females, elderly
people. We took into account the most common activities of the
visitors as well, such as relaxing, eating or drinking. In order to
connect attendance, shading patterns and thermal comfort, we
divided the area into 8 rectangular sub-zones, indicated with the
letters A to H, along the WSW-ENE axis of the square, following the
layout of the benches (Fig. 1); each sub-zone is shaded by the
surrounding buildings during different periods of the day. As a



Fig. 2. A picture of san Silvestro square taken in March 2015 (for this reason, there are so many visitors lingering on the sunny benches).
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result of the special conformation of sitting facilities (few long
benches) and of the orientation of the square, it was possible to
accurately separate the number of people staying in shaded or
unshaded locations.

K�antor and Unger [32] underlined the importance of the type
and amount of benches for park's attendance. We postulate that
this assertion can be extended to all kind of public open spaces and
that it most likely applies to San Silvestro square, which has mainly
a resting function and has very few possibilities for informal sitting,
such as buildings' steps or flowerpots. To account for the potential
and effective usage of the square, we calculated the maximum oc-
cupancy of each area, that is, the maximum number of single sitting
places. Since the benches do not have a standardized shape and
have a continuous sitting area along the perimeter, we expressed
the maximum occupancy according to the following equation:

Oci ¼ Li
Lp

(3)

where Oci is the maximum occupancy of each zone, Li is the length
of the effective sitting area in m and Lp ¼ 0.6 m is considered as the
standard space occupied by a sitting adult.
2.3. Thermal comfort analysis

Physiological Equivalent Temperature (PET) index was selected
for this study, in order to assess human thermal comfort. PET for a
given place, indoors or outdoors, is defined as “the air temperature
at which, in a typical indoor setting, the heat balance of a human
body is maintained with core and skin temperatures equal to those
under the conditions to assess” [13,17]. Thus, PET allows people to
compare the comprehensive influence of a complex outdoor envi-
ronment on their thermal sensation to the sensation they experi-
ence indoor, which is easier for individuals to estimate. The
following assumptions are made for the indoor reference climate:
Ta ¼ Tmrt; v ¼ 0.1 ms�1; VP ¼ 12 hPa (or relative humidity ¼ 50% at
Ta ¼ 20 �C).

The reasons to select PET index among the other thermal indices
comprehend its extensive use to study urban environments with
complex shading patterns [38,39] and its application in different
climatic conditions, including summer period in Mediterranean
climates [9]. Its measurement unit (�C) makes results easy
understandable to urban planners or decision makers, who are
generally not so familiar with modern human biometeorological
terminology [40].

To calculate PET and Tmrt we used the RayMan model, which
calculates the radiation fluxeswithin the urban environment, based
onmorphological, meteorological and thermo-physiological factors
[19,41]. The model takes shading patterns caused by buildings and
vegetation into account when calculating Tmrt [39,42].

In order to determine Tmrt and PET, the input data for the Ray-
Man model were: air temperature and relative humidity measured
at San Silvestro square; cloud cover and air velocity from the Col-
legio Romano meteorological station. All these data had a 10 min
sampling resolution and comprised the two analysis days, 1st and
2nd August 2014, from 8:00 to 19:50. A vector file, representing the
shape and height of buildings and vegetation at San Silvestro
square, was also included. As for the thermo-physiological param-
eter of the human body, we assumed a “typical European male” (35
years old, 1.75 m tall, weight 75 kg), with a clothing index of 0.9 clo
(corresponding to a business suit) and an activity rate of 80 W.

2.4. Daily shading patterns observation and simulation

The shading patterns of the whole square were recorded hourly
and they substantially matched with hourly shading simulations
performed in the RayMan model. Based on the simulations we
calculate, at a hourly timestep, the percentage of shaded area of the
square.

We also analysed the shading patterns of the sub-zones of the
square, taking into account the central point of each sub-zone as
the reference point for the whole sub-zone. In order to quantify the
shaded and unshaded daily period for each of these points, we
produced a fisheeye diagram with the RayMan model, including
the hemispheric calculation of the solid angle of surrounding
buildings, the daily sun path and the daily sunshine duration on 1st

August 2014 (Table 1).

3. Results and discussion

3.1. Micro-meteorological conditions

During the two days of analysis, 1st and 2nd August 2014 from
8:00 to 19:00, the minimum value of air temperature of 22.6 �C



Table 1
Sub-zones descriptions.

Sub-zone Area (m2) Occupancy Fisheeye
diagram

SVF Shading period

A 980 87 0.476 8:00e11:00
19:30e20:00

B 920 87 0.475 8:00e11:15
18:30e20:00

C 700 58 0.544 8:00e09:30
17:00e20:00

D 670 58 0.546 8:00e09:30
16:30e20:00

E 370 33 0.497 8:00e09:00
15:00e20:00

F 370 33 0.481 8:00e08:30
15:00e20:00

G 350 33 0.407 8:00e08:30
13:30e20:00

H 350 33 0.409 13:45e20:00

Fig. 3. Momentary attendance of San Silvestro square on 1st and 2nd August 2014,
observed from 8:00 to 20:00, with 10 min resolution.

Fig. 4. Gender and age distribution of attendance of San Silvestro square on 1st and 2nd

August 2014, observed from 8:00 to 20:00.
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was recorded at 8:00 on 1st August 2014, while the maximum
value of 32.1 �C occurred at 13:00 of the same day. The average
air temperature in daytime for both days was 29.2 �C. The
average of water vapour pressure in daytime for both days was
23.1 hPa. The minimum value of water vapour pressure of
19.9 hPa was reached at 18:10 on 1st August 2014, while the
maximum value was 25.9 hPa at 9:20 and 9:40 on the same day.

3.2. Attendance at San Silvestro square

The momentary attendance at the square for the two analysis
days, recorded every 10 min, is depicted in Fig. 3. The attendance
profile indicates a similar trend for both days. During themorning it
was about 20 people, then it decreased around midday and later
increased reaching amaximum in the late afternoon. Theminimum
attendance on 1st August 2014 was 5 at 12:20 and 12:50, on 2nd

August 2014 it was 4 at 13:30. The maximum attendance on 1st
August 2014 was 83 at 19:50, on 2nd August 2014 was 107 at 18:10.
The activity patterns of the workday and the weekend day could
account for some differences in attendance. On Friday 1st August
2014, there were more visitors early in the morning, who pre-
sumably comprised the workers of the nearby offices, having
breakfast of reading newspapers at the square before going to work
around 9:00. There were also more visitors at lunchtime (in Central
Italy, lunchtime takes place approximately from 13:00 to 14:30),
probably on account of the workers again. On Saturday 2nd August
2014, there was a higher momentary attendance after 16:00, which
could depend on the Italian custom of strolling and shopping in the
city centres during the afternoon of weekend days. However, the
relevant number of tourist that are to be expected in the city centre
of Rome in August prevented a more detailed analysis of these
differences.

Considering the age and gender of the visitor, there was a
distinct prevalence of adults, almost equally divided into male
(39.7% of the total) and female (36.7% of the total), while elderly
people accounted for the 18.5% and children only for the 5.0% This
could result from the absence of children's facilities in the vicinity
of the square (Fig. 4).
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3.3. Relationship between attendance and daily shading patterns

The momentary attendance was compared with daily shading
patterns and maximum occupancy, combining the data of both
analysis days (Fig. 5).

Shade was determined almost entirely by the vertical surfaces of
thebuildingson theWSWandENEsidesof the square,witha total lack
of artificial or natural horizontal obstructions. Therefore, the per-
centageof shadedareawas lowduring themiddayhours (13%at12:00
and 14:00, 7% at 13:00) and progressively increased towards the early
morning and late afternoon hours (99% at 8:00 and 100% at 20:00).

For the entire day, the momentary attendance in unshaded lo-
cations was significantly lower in shaded locations, except from
midday hours at 12:00 and 13:00, because of the reduction of
shaded area, which accounted for 13% of the square at 12:00 and 7%
of the square at 13:00.

Thus, the vast majority of visitors at the square sought for
shaded locations, throughout the day, whenever possible. The
momentary attendance observed in unshaded locations changed
from 0 to 2 people at 11:00 to 2e10 at 12:00. The momentary
attendance in shade adhered to the daily trend of visitors at the
square for work days and during the weekend. During the morning
from 8:00 to 11:00, the number of visitors extended from 8 to 20
people at 10:00 to 11e25 at 11:00; then, it drastically lowered to
0e4 people at 12:00 and 0e9 at 13:00, to increase in the afternoon,
reaching 52e94 at 18:00.
Fig. 5. Hourly median and standard deviation of the attendance for shaded (dark grey)
and unshaded (light grey) locations, on 1st and 2nd August 2014, from 8:00 to 19:00,
compared with the hourly percentage of shaded area (white bars) and to the hourly
maximum occupancy available in shaded locations (dashed line).
The low attendance at 12:00 and 13:00 corresponded well with
a complete absence of sitting possibilities in shade on the benches
of the square (the maximum occupancy in shaded locations was 0),
with very few possibilities for informal sitting, such as building's
steps or flowerpots. In fact, at 14:00, when the number of shaded
sitting possibilities increased up to 60 places with the same per-
centage of shaded area (13%), the momentary attendance in shaded
location increased as well, reaching 28e40 visitors.

After 18:00 the activity trends of the square coincided with the
shading pattern. The percentage of shaded area is higher than 62%
and there is a high number of potential visitors. During the week
days, workers of the nearby offices are expected to linger after
work; during the weekends, people are accustomed to go out
strolling in the city centre. This accordance corresponded to the
highest attendance of the square: between 48 and 83 visitors on
Friday 1st August 2014 and between 55 and 104 visitors on Saturday
2nd August 2014.

3.4. Influence of daily shading patterns on human thermal comfort

The preference for shaded locations was quite consistent with
human thermal comfort analysis. The relationship between hourly
shading patterns and thermal comfort is represented by the hourly
trend of PET for shaded and unshaded locations (Fig. 6).

The radiative exchanges of the human body, as depicted by Tmrt,
constitute the most important factor influencing PET in daytime.
The difference in direct solar radiation between shaded and un-
shaded areas accounts for a distinct change in PET values. The
maximum difference between the median of PET for shaded and
unshaded location was 7 �C at 11:00 (absolute values 44.0 �C and
37.0 �C) and the minimum difference was 2 �C at 18:00 (absolute
values 31.8 �C and 29.8 �C). In shaded locations, PET increased from
a median of 26.3 �C at 8:00 to a median of 38.7 �C at 12:00. In un-
shaded locations, the lowest median of PET of 29.3 �C was recorded
at 19:00, while the highest median of 44.7 �C occurred at 12:00.

Dividing the momentary attendance into four time intervals for
each day, the boxplot in Fig. 7 indicates that, when available, people
favoured locations where PET was lower than 35 �C, which coin-
cided with the shaded locations. In the interval from 8:00 to 10:50,
the highest median of momentary attendance of 12 corresponded
to a PET of 26 �Ce30 �C; from 14:00 to 19:50, the highest median of
momentary attendance reached 60 people for PET between 30 �C
Fig. 6. Hourly values of PET for shaded and unshaded locations of San Silvestro square
on 1st and 2nd August 2014, observed from 8:00 to 20:00.



Fig. 7. Attendance for classes of PET for four time intervals during the day: morning
(8:00 10:50), midday (11:00, 13.50), afternoon (14:00, 16:50), late afternoon (17:00,
19:50) in San Sivestro Square, on 1st and 2nd August 2014.
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and 35 �C. The only exception occurred in the interval 11:00e13:50,
when the highest median of attendance was 5.5 for PET between
35 �C and 40 �C. As already pointed out in Section 3.3, this was the
time interval with the lowest percentage of shading area and with
the fewest available sitting places in shaded locations.

This propensity for shade was extensive: visitors seemed to
select shaded locations even when unshaded ones presented a
relatively low PET of less than 30 �C, as depicted by the relationship
between PET values and momentary attendance for shaded and
unshaded locations (Fig. 8). For PET below 30 �C, the momentary
attendance in unshaded locations never surpassed amedian of 8 for
a PET of 29 �C. The highest median of momentary attendance in
shaded locations was 43 for a PET of 30 �C.

However, unshaded locations were never completely neglected.
Their momentary attendance, though low, comprised at least 2
visitors, even for PET above 40 �C, which occurred only in unshaded
locations. For PET equal to 46 �C, the maximum value of PET
calculated for the square, the median of momentary attendance
was 7. The number of visitors in unshaded location was also more
consistent than the one in shaded locations. Taking into account the
whole studying period, the median of momentary attendance in
Fig. 8. Relationship between attendance and PET values from 26 �C to 46 �C, in San
Sivestro Square, on 1st and 2nd August 2014.
unshaded locations was 4 ± 2; the median of momentary atten-
dance in shaded locations was 26 ± 25.

3.5. Comparison between attendance and thermal comfort
conditions of different points of the square

At the square, the daily shading pattern was determined almost
entirely by the vertical surfaces of the buildings presented at the
ENE and WSW sides, thus the percentage and position of the
shaded area changed during the day, affecting attendance in the
sub-zones. A comparison of the attendance and thermal comfort
conditions for two sub-zones of the square can better highlight this
effect. We chose the sub-zone B and sub-zone H (see Fig. 1) because
of their locations on the extremities ENE and of the square, which
corresponded to opposite intervals of solar access. The sub-zone B
was shaded from 8:00 to 11:10 and from 18:00 to 19:50 and the
sub-zone H was shaded from 13:50 to 19:50.

Fig. 9 depicts the mean of momentary attendance, Tmrt and PET
and the interval of shade for the sub-zone B and Fig. 10 for the sub-
zone H, for the whole analysis period.

In both areas, the sharp variation of PET and Tmrt, that corre-
sponded to a change in solar access, caused an almost immediate
sharp variation in momentary attendance.

In the sub-zone B, the mean of PET changed from 35 �C at
11:10e39.4 �C at 11.20, when the sub-zone became unshaded; the
mean of momentary attendance changed from 10 at 11:00 to 0 at
11:30. When the sub-zone became shaded again, the mean of PET
decreased from 35.7 �C at 17:50 to 31.4 �C at 18:00 and the mean of
momentary attendance increased from 1 at 17:40 to 8.5 at 18:00.

In the sub-zone H, the mean of PET diminished from 39.4 �C to
35.6 �C from 13:40 to 13:50, when the sub-area became shaded.
Correspondently, the mean of momentary attendance was 1.5 at
13:30 and increased to 18.5 at 14:00.

3.6. Comparison with other relevant studies in different climates

Several researches have analysed the relationship between hu-
man thermal comfort and attendance at urban open spaces, but few
Fig. 9. Mean of attendance compared with PET and Tmrt values, for the sub-zone B of
San Sivestro Square, on 1st and 2nd August 2014, from 8:00 to 20:00, with 10 min
resolution.



Fig. 10. Mean of attendance compared with PET and Tmrt values, for the sub-zone H of
San Sivestro Square, on 1st and 2nd August 2014, from 8:00 to 20:00, with 10 min
resolution.
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have taken into account the influence of shade. Section 1 pointed
out that people from different climates showa different response to
solar access during summer. In temperate climates, K�antor and
Unger [32] and Thorsson et al. [25]. observed that adaptation to
heat stress could involve behavioural changes, such as the decrease
of clothing level or the preference for shaded locations; however, a
significant number of visitors stayed under the sun even during
warmehot thermal periods with strong direct radiation.

In hot-humid climates, Lin et al. [11,43] indicated that shading is
the superior preference for people when adapting to a hot climate.
The highest attendance occurred when thermal conditions were
close to their thermal comfort range of visitors, determining two
complementary trends. Visitors decreased when thermal indices
exceed the comfort range or, for various-shaded public spaces, they
moved from unshaded to shaded areas to relieve their perception of
thermal discomfort.

Even if a direct comparison is not possible, due to differences in
methodology, the results of the current study generally agree with
the findings of Lin et al. [11,43]. According to the daily shading
pattern, San Silvestro square is under shade in different areas
during the course of the day. The daily variation in the total
attendance and the procedure used to perform people observations
(counting momentary attendance without accounting for the time
of permanence), did not allow us to verify if visitors moved from
unshaded to shaded locations during the day. Nevertheless, we can
affirm that new visitors sought significantly more shade than direct
sunshine when choosing their place to sit, thus concentrating in
shaded locations.

These similarities between Mediterranean climate and Tropical
climate confirm the importance of the psychological aspects of
thermal comfort, involving previous experiences and expectations
on climatic conditions [22].

4. Conclusion and outlook

The main contribution of the study is to highlight the effect of
daily shading patterns on thermal comfort at a public open square
during summer period for Mediterranean climate. A significant
connection between shading patterns and attendance was identi-
fied, which influence the distribution of people and their decision
to move to different points of the square over time. A method to
calculate maximum occupancy for benches or informal sitting
places was also developed.

The majority of visitors at San Silvestro square were observed
sitting under shade, when available. The attendance in shaded lo-
cations had a minimum of 0e4 people at 12:00 and a maximum of
52e94 at 18:00, while the attendance in unshaded locations had a
minimum of 0e2 at 11:00 and a maximum of 2e10 at 12:00, due to
the absence of shade.

The preference for shaded areas was significantly correlated to
thermal comfort values, as well depicted by the PET index. PET
calculated in shaded locations was substantially lower than in un-
shaded locations and most of the people at the square selected
places to sit with a PET lower than 35 �C. The minimum difference
in the median of PET from shaded and unshaded locations was 2 �C
at 18:00 and a maximum difference was 17 �C at 11:00.

The position of shade changed over time according to the sun
position and momentary attendance changed accordingly. The
change in solar access at each sub-zone of the square was noted
with a drastic variation in PET and momentary attendance. When a
sub-zone became shaded, PET values abruptly decreased and the
momentary attendance increased. Likewise, when a sub-zone
became unshaded, the rise of PET values corresponded to a
reduction of momentary attendance.

Themaximum attendancewas observedwhen the daily trend of
visitors, according to the main uses of the square, coincided with
the highest shaded area. After 18:00, workers leave the nearby
offices during the week days and people go out strolling during the
weekend days. As the percentage of shaded area was higher than
62%, the attendance was accordingly high, between 48 and 83
visitors on Friday 1st August 2014 and between 55 and 104 visitors
on Saturday 2nd August 2014. At lunchtime, when a high number of
visitors could be expected as well, the attendance was relatively
low (between 8 and 18 visitors on Friday between 4 and 8 visitors
on Saturday) from 13:00 to 14:00, when no shaded sitting places
where available, to increase up to 49 on Friday and 49 on Saturday
from 14:00 to 14:30, only when more benches become shaded.

Some observations noted on the study could not be explained
entirely in terms of physiological adaptation, but should rather
depend on psychological adaptation factors. For instance, the
propensity towards shaded locations, even when unshaded ones
presents a relatively low PET below 30 �C, and the low, but con-
stant momentary attendance of unshaded locations, even for PET
above 40 �C.

This assessment could be further develop by a broader investi-
gation of the influence of daily shading patterns on thermal com-
fort and attendance in Mediterranean climate for the whole year;
particularly interesting would be the analysis of transitional sea-
sons, when a less significant relationship between shade and
attendance could possibly be expected.

Nevertheless, a few recommendations can be asserted from the
obtained results, regarding the renovation of open spaces in cities
of Mediterranean climate. First, the design phase should take into
account the daily shading patterns for the main point of the square,
performing shading analysis for specific days. Second, the use of
shading devices should be in accordance with the main uses of the
square, providing shade during the times when it is most needed.
For example, a square which is mostly attended during lunch
breaks should have numerous sitting areas shaded during lunch
time, or a square used as a playground for children after school
should be shaded in the afternoon, etc. Third, horizontal shading
devices should be provided to improve thermal comfort during the
midday hours, when no significant shade is cast by surrounding
buildings. This recommendation extends also to urban environ-
ment with a high floor area ratio, like historical city centres.
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If specific urban qualities of the place or design features restrain
the use of greenery, movable artificial shading devices can be
implemented, ensuring winter solar access. In general, multiple
shading types and levels are suggested, in order to fulfil people's
different preference for thermal conditions.
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