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ABSTRACT

Due to climate change, the question of thermal comfort in cities is becoming more important in Central Europe. The aim of the study is
to design and experimentally verify the typology of outdoor areas of restaurants in terms of their thermal comfort factors, based on a
case study of Pilsen’s city centre. The research carried out in 2017 in the city centre of Pilsen investigated what means are used by
restaurants to improve thermal conditions and how the location of an outdoor restaurant in an urban area affects its thermal comfort.
There were forty-three outdoor areas of city centre restaurants included in the proposed typology, based upon their location. The
relevance of typology was verified using a selected set of fourteen outdoor restaurant areas. They were evaluated according to the
availability of means for comfort enhancement and experimental measurements of relevant meteorological elements. Type 1 (Square
restaurant) exhibited the highest air and surface temperatures. In contrast, Type 2 (Courtyard restaurant) showed the lowest air and
surface temperatures and Type 3 (Park restaurant) showed the highest air humidity. Type 4 (Street canyon restaurant) had similar
temperatures to Type 1, and air humidity was closer to Type 2. According to the number of Beergarden Days, the days when the air
temperature at 9 p.m. was higher than 20 °C, the best conditions for sitting outside throughout the year occur from the second half of
June to the end of August. The results of the study can contribute to an improvement in the thermal comfort of customers of outdoor
restaurants in cities, especially with regard to the choice of locations of outdoor restaurants and the use of elements that influence
thermal comfort.

1. INTRODUCTION special areas that should be planned with regard to the

thermal comfort of visitors (Egerhézi et al., 2009).

The question of thermal comfort is becoming
relevant for the Central Europe cities, given the growing
impacts of urban heat islands in a period of climate
change (Geleti¢ and Vysoudil, 2012). Planning
adaptation measures in urban public space is an
important issue for urban planners (Luca, 2017; Slach
and Jezek, 2015). Outdoor restaurant spaces represent

The notion of the thermal comfort of a person,
or thermal well-being, expresses a certain degree of
satisfaction based on a subjective evaluation of thermal
conditions. In addition to individual personal
preferences, the evaluation is influenced by physical
environmental factors (ASHRAE, 2004). In particular,
factors such as air temperature and humidity, wind
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speed, and radiation of heat from the surrounding areas
or objects have a thermo-physiological effect on
humans (Matzarakis, 2000; Teleghani, 2015). These
factors have a major impact on the energy balance of
the human body. At different air temperatures, some
factors can have a variable impact on humans, for
example, wind speed reduces air temperature and thus,
at higher air temperatures, the wind creates a
comfortable environment, whereas in cold conditions, it
increases thermal stress. As a result, people experience
feeling cold on the exposed body parts such as face,
hands, arms and legs (Ng, 2009; Kang et al., 2013). The
microclimate in the complex surface structure of an
urban environment results in different conditions of
thermal comfort in a restricted space (Gulyas et al.,
2006).

The outdoor areas of restaurants, also known
as front gardens or summer terraces, become a more
important part of the urban space every year. They are
public spaces where residents and city visitors spend
their free time. In countries with latitudes characterized
by a temperate climate, these areas are mainly used to
provide refreshment services during the summer.
Depending on their variable distribution in urbanized
areas, differences in microclimatic conditions may
oceur (Egerhézi et al., 2009). These conditions are
determined, for example, by the features of the
neighbouring buildings, the surrounding construction
density, and the presence of greenery or water elements
(Ali-Toudert and Mayer, 2007). As a result,
differences in a local urban microclimate can affect its
overall thermal comfort and potentially the
attractiveness of such an outdoor area. Outdoor areas
that do not offer thermal comfort tend to be less
frequently used or even avoided by visitors (Egerhazi et
al., 2009; Vokalova Lorine, 2015). In extreme cases,
visitors may experience thermal stress due to exposure
to an excessively cold or warm environment
(Mahmoud, 2011).

The present study focuses on the factors
influencing the thermal comfort in outdoor areas of
restaurants in Central Europe, verified by a case study
carried out in the city centre of Pilsen. The aim of the
research is to propose and, based on the case study of
the city centre of Pilsen, experimentally verify the
typology of outdoor areas of restaurants in relation with
their location in an urban area and the consequent
impact on the thermal comfort of customers. Outdoor
restaurant typology will help improve planning as
regards their location and provide means to mitigate
thermal discomfort.

1.1. Special characteristics of thermal comfort
in a city environment

Buildings that serve as shading elements have
a significant effect on lowering the temperature of air
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and surfaces in cities on hot summer days (Miiller et
al., 2014; Lehnert et al., 2018). On such days, shade
reduces people's thermal stress and increases their
comfort. The arrangement of buildings in street
canyons affects the amount of solar energy, as well as
wind access and orientation (Jamei, 2016).
Differences in exposure to sunlight in the streets can
also be seen during the day, depending on their
orientation (Ali-Toudert and Mayer, 2007). Streets
with an east-west orientation receive more solar energy
than north-south streets where the street canyon area is
overshadowed most of the day. A seasonal pattern can
be identified in the shading of street canyons (Hwang et
al., 2011; Armson et al. 2013). In enclosed and shaded
areas, it is less likely that people will experience thermal
discomfort from excessive heat (Oliveira et al., 2011;
Taleghani, 2014). In addition to shielding elements, the
thermal environment of a city is also affected by the
microclimatic characteristics of the surfaces. In
particular, materials of different albedo will alter the
surrounding air temperature (Mahmoud, 2011).
Furthermore, water elements and water surfaces will
affect the environment, as the level of evaporation
reduces the surrounding air temperature by 2-4°C
while increasing the relative humidity (Xu et al., 2010).
Plants are as important, as they regulate the
urban microclimate, having a cooling effect on the city's
green infrastructure, which is dependent on the location
and parameters of urban vegetation (Bruse, 2007;
Takacs et al., 2016; Pacurar, 2017; MiloSevi¢ et al.,
2017). Deciduous trees are especially important, as they
form shade in summer and reduce the intensity of
sunlight; this can result in the reduction of air
temperature by up to 4°C and surface temperature by
up to 12°C (Hewitt, 2009). The evaporation from
vegetation is also important for the thermoregulation of
the environment, since the solar energy used for the
evaporation process is not converted into undesirable
heat. Therefore, the presence of grown trees
significantly affects the climatic conditions of an urban
public space. Evapotranspiration from plants can
reduce air temperature in the area by 2-8°C, but
greenery can worsen the dispersion of traffic pollutants
in the air due to lower ventilation. In the summer,
people experience the highest heat stress in open
unshaded squares without greenery, while the more
shaded areas, or those with greenery, are felt as more
comfortable at high air temperatures (Lau, 2015).
Thermal comfort of the urbanized
environment can be assessed using various bioclimatic
indices, such as the Predicted Mean Vote Index
(Egerhazi et al., 2009), or Physiological Equivalent
Temperature (Miiller et al., 2014). The perception of
thermal comfort depends not only on the actual
physical condition of the atmosphere (temperature,
wind speed, and humidity), but also on the individual
sensitivity of the person concerned. The perception



Typology of Outdoor Seating Areas of Restaurants Based on Factors Influencing Their Thermal Comfort.
A Case Study of Pilsen City Centre, Czechia
Journal Settlements and Spatial Planning, vol. 10, no. 2 (2019) 131-142

of the temperature felt is also influenced by the
phenomena called alliesthesia (Lindner-Cendrowska
and Blazejczyk 2018), e.g. the feeling of thermal
discomfort is intensified when moving from an air-
conditioned area to the outside of a building.

The Beergarden Days Index (BGD) was
designed specifically for the assessment of climate-
friendly days for the evening use of outdoor
restaurants (Toy et al., 2007), in relation to attendance
of tourists (Vitt et al., 2015), but it is also used more
generally for the evaluation of bioclimatic conditions in
the cities (Unger, 1999; Gulyas et al., 2006). This is the
number of days in a year when air temperature at 9
p-m. is higher than 20°C; these days offer warm,
comfortable evenings with the possibility of staying
outside in a restaurant garden or sitting in public areas
without feeling cold (Géczi, 1998).

1.2. Regulation of thermal comfort in urban
public spaces

The issue of thermal comfort in urban public
spaces brings together urbanists and climatologists,
who mutually strive to create an environment that is
thermally comfortable for people. They use various
measures to reduce thermal discomfort in outdoor
areas (Teleghani et al., 2015). Comfortable conditions
can be achieved by using various spatial arrangements
(Ali-Toudert and Mayer, 2007; BajSanski et al., 2015),
appropriate types of materials, greenery (MiloSevié et
al., 2017), and water or technical elements (Smith and
Lermore, 2008; Lenzholzer, 2012; Lorinc Vokéalova,
2015; Cubillos-Gonzélez and Castillo-Garcia, 2016). To
feel comfortable at high air temperatures, it is
important to use shading (plants or artificial elements),
evaporation (nozzles spraying water, misting systems),
or, if possible, artificially created airflow. Water
elements in different forms (fountains, springs, nozzles)
are important, as water drops absorb heat from the air
and cool the air (Miiller et al., 2014). Well-chosen
materials with high albedo can reduce the absorption of
heat energy and reduce the surrounding temperature.
In general, light-colour and shiny surfaces are more
reflective than dark and matt ones. On the other hand,
places that are not shaded offer better comfort at low
temperatures. One way to increase the surrounding
temperature is to use a source of air-heating — heat
radiation (Lorinc Vokélova, 2015).

At low temperatures, strong winds can be
effectively reduced for example, by a greenery barrier,
or by placing technical barriers in the direction of wind
flow. On the contrary, at high temperatures, ventilated
spaces where the wind flow is not restricted provide
better thermal comfort (Ali-Toudert and Mayer,
2007). Alternatively, technical sources of wind, such
as portable fans, can be wused in windless
environments or spaces where air flow is restricted

(Kang et al.,, 2013). These and other similar means
improve climatic conditions in the outdoor urban
environment and, as a result, people spend more time
in public spaces. Specific elements that improve
thermal comfort can be installed in outdoor areas of
restaurants, where they play an important role, for
example, in terms of the number of visitors (Egerhazi et
al., 2009). The increasing habitability of outdoor public
spaces can have a positive impact on the living
conditions of citizens and the development of a city
centre (Cohen et al., 2013).

2. STUDY AREA AND METHODS

2.1. Specification and climatic characteristics of
the study area

The regional city of Pilsen, situated in the
western part of the Czech Republic (49°44'N, 13°23'E),
covers an area of approximately 140 km2. The natural
conditions of the city territory are influenced by its
location at the confluence of four rivers. The altitude of
Pilsen varies between 293 and 452 m above sea level.
Bottoms of the valleys along watercourses have the
lowest altitudes, of about 300 m above sea level
(Matuskova and Novotna, 2007).

The area designated for research is located in
Pilsen city centre, with a high concentration of
buildings, covering an area of 0.42 km2 (Figure 1).
Within that area, 79.6% is used for buildings, other
constructions and roads, 20% is covered with greenery
and 0.4% of the area is represented by water bodies.
Greenery consists mostly of city parks, which are a
climatically important element in the historical centre
of the city. Satellite monitoring of the urban landscape
confirms their influence on the mitigation of the heat
island effect in the summer months (World from Space
s.r.0., 2018).

The location of all the outdoor areas of
restaurants in the researched area is presented in Fig. 1.
A total of 75 outdoor areas were identified, of which 43
are run by restaurants and the remaining 32 are
operated by smaller entities, mainly cafés and wine
bars. Some 43 outdoor areas of restaurants were
included in the evaluation and classification. For
research purposes, various types of locations of outdoor
areas were included: areas located in courtyards, in
streets of different directions, in open areas without any
edifices or in places with urban greenery and water
features. According to the Quitt's climatic classification
of the Czech Republic, the climate of Pilsen city can be
classified as moderately warm, with long and dry
summers, short and slightly warm transitional periods
of spring and autumn, and a very dry winter with short-
time snow cover (Matuskovd and Novotna, 2007).
There is evidence of a general temperature increase
compared to the data measured in the 20t century.
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While in the period between 1971 and 2000, the average
January temperature was 1.6°C and that of July was
18°C (Matuskova and Novotna, 2007), over the period

2006—2015, the average January temperature was -
0.1°C and that of July was 20°C.
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Fig. 1. Location of outdoor areas in the researched territory and their classification according to the type of establishment.

The average number of summer days (defined
as days when the maximum temperature reaches 25°C
or more) is 40—50 (Kopp et al., 2017). The considered
study area in the city centre lies predominantly in the
urban climate band of the medium-high compact
development, in the international classification being
referred to as LCZ 2 (Local Climatic Zone 2 — “compact
midrise” built type) (Stewart and Oke, 2012). In the
Czech Republic, the LCZ 2 zones occur in the area of
historic urban centres (Geleti¢ and Lehnert, 2016).
Typical for this climatic type is the occurrence of higher
temperatures in the evening and night hours, compared
to the surrounding “open midrise” built type of the LCZ
5 zones (Geleti¢ and Lehnert, 2016).

For the area of Pilsen city centre, it is possible
to use the data from the Pilsen-Veleslavinova station.
Based on the data measured in the period of 2009—
2017, we statistically expressed the number of
Beergarden Days (BGD). They occur between April and
the end of September. The percentage distribution of
BGD increases significantly between the first and the
second half of May, and continues to rise to a peak in
the first half of July, followed by a decline in
occurrence. A more marked decline in BGDs occurs
between August and the first half of September. BGD
tend to be rather rare in April, the first half of May and
the end of September. Of the 1,396 days available
(April-September), there were 297 days suitable for
sitting outside, representing 21.3%. According to these
134

values, the best conditions for sitting outside
throughout the year occur from the second half of June
to the end of August (Fig. 2).
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Fig. 2. Percentage of BGD occurrence throughout
individual months in Pilsen city centre based on data from the
Pilsen-Veleslavinova meteorological station (2009-2017).

2.2, Creation and verification of typology of
outdoor areas of restaurants

The research was carried out on outdoor areas
of restaurants located in the centre of Pilsen city. The
study area includes various types of spaces, such as
streets, courtyards, squares or parks with urban
greenery and water features. Since most of the tourist
attractions are located in the city centre, there is a
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higher number of restaurants offering outdoor seating
located here. For the purpose of the study, a field survey
was carried out in July 2017, which first documented
the location of all outdoor areas of restaurant facilities
in the specified area of the city centre. From 43 outdoor
restaurants registered in this survey, 14 were
subsequently selected for detailed monitoring; the main
criterion for selection was the difference in the spatial
characteristics of their outdoor areas. The research
consisted in our own detailed survey on the conditions
and equipment of the selected areas as well as the
method of conducting expert interviews with the
owners and managers of the restaurants. The research
questions were focused on the availability of
equipments for improving thermal comfort and the
influence of weather and microclimate on the operation
of restaurants. The means identified as options for
comfort improvement were chosen and classified
according to the methodology of Loérinc Vokalova
(2015), who summarizes the possible causes of thermal
discomfort and the means for improving the conditions.
The creation of this classification of means available for
the reduction of thermal discomfort (Lorinc Vokalova,
2015) was based on urban climate studies (Smith and
Lermore, 2008; Lenzholzer, 2012; Kang et al., 2013).
For the purpose of our study, we further supplemented
this classification with other studies (Ali-Toudert and
Mayer, 2007; Egerhazi et al., 2009).

The findings from the field survey were
summarized in a typology of outdoor areas according to
their location. The proposed types were subsequently
validated by their differences in the availability of
comfort-enhancing equipment and the values of
selected meteorological elements measured.
Measurements were carried out on 15 August 2017
between 16:00 and 17:30 using a portable
meteorological device, the Kestrel 5000, and the
infrared thermometer Extech Dual Laser 30. The
measurement time was chosen to capture the highest

air temperatures of the sunny summer day. However,
the measurements at each individual outdoor area were,
performed gradually over a time interval during which
air temperature changed only slightly. During this
measuring period, the air temperature in the city centre
increased by 1°C at the Pilsen-Veleslavinova station, in
almost windless conditions. The measured values
included the relative air humidity, air temperature at
table height (80 cm), the temperature of the surface
(floor) under a shading object and the temperature of
an unshaded surface at a distance of 2 m from the
shading object. Three consecutive measurements were
made within one minute for each individual surface; the
resulting value assigned to each type is the arithmetic
mean of the measured data. Since the portable
meteorological device cannot measure mean radiant
temperature, we did not use standard bioclimatological
indices such as the Physiological Equivalent
Temperature (Hoppe, 1999; Miiller et al., 2014). The
bioclimatic conditions were not influenced by wind at
the time of the experiment.

3. RESULTS AND DISCUSSION

3.1. Typology of outdoor seating areas of
restaurants based on their location

The location of outdoor areas of restaurants in
the urban structure is the key factor when categorizing
urban areas from the perspective of thermal comfort.

The microclimate of areas is influenced by
factors that play a significant role in the proposed
typology (structure of the surrounding surfaces, types of
building, presence of greenery or water elements).
Based on the field survey in the city centre of Pilsen, a
classification into four types of outdoor areas was
proposed based on the location of these areas, which
influences their character and consequently their
potential microclimatic properties (Table 1, Fig. 3).

Table 1. Typology of outdoor seating areas of restaurants based on their location.

L ocation of the outdoor

Typology area

Environment of the outdoor area

Type 1 — Square

with so called “grey”
restaurant

infrastructure
Type 2 — Courtyard
restaurant

Type 3 — Park
restaurant

In a courtyard

green” infrastructure

Type 4 — Street

In a street canyon
canyon restaurant

Located on open ground Areas located on open squares or large pedestoiaesz surrounded by low
evapotranspiration surfaces (paving, sidewalksgjshavith a minor proportion
of green areas and water features.

Areas in public courtyards, surrounded by multrsyobuildings at least on
three sides. There may be some greenery or wattrrés.

In open spaces with “blue Areas located in park and urban greenery, in réiome areas of the urban
environment, and, at the same time, close to veatss or water elements.

A variable type that combines features of typesndl 8. Areas located in
streets with a north-south or west-east orientatoijacent to the surrounding
buildings. Mostly located on hard surfaces with |l@vapotranspiration,
without urban greenery or water elements.
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Fig. 3. Examples of types of outdoor seating areas of restaurants based on their location (Table 1): Type 1 — Square restaurant,
Type 2 — Courtyard restaurant, Type 3 — Park restaurant, Type 4 — Street canyon restaurant.

O

Typology of restaurant outdoor areas
® Type 1-Square restaurant
® Type 2 - Courtyard restaurant
®  Type 3 - Park restaurant

®  Type 4 - Street canyon restaurant

Boarders of the researched area
Buildings
Urban greenery

Water bodies

A Pilsen-Veleslavinova station

150 300 m

— o

Prepared by Vaclav Vit

Fig. 4. Outdoor areas of restaurants in the researched territory classified into individual types.

3.2. Comparison of types according to the
means necessary for thermal comfort
improvement

In order to improve thermal comfort
conditions for their customers, outdoor restaurants use
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various technical means, partly related to their location
in a specific microclimate. This way, discomfort caused
by excessive heat, cold, and wind can be successfully
minimized. Information obtained from specialized
literature and field research is summarized in Table 2.
The table presents, in an orderly manner, the system of
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means used by the selected restaurants to improve

thermal conditions for their customers.

Table 2. Conditions and means available for the reduction of thermal discomfort (prepared by authors based on: Ali-Toudert

and Mayer, 2007; Egerhézi et al., 2009; Lorinc Vokalova, 2015).

Limiting solar radiation A2 Shading by frees

Al Shading by buildings

A3 Parasols
A4 Retractable awnings
A5 Sunshades with fixed construction

A Heat Evapotranspiration

A6 Water elements and water areas
A7 Surrounding urban greenery

Ventilation A8 Aeration of buildings A9 Electrical ventilators

Increasing solar radiation B1 Increase in direct sunlight

Additional heat source

B2 Gas or electric heaters

Increase in the insulation

B3 Blankets and seat cushions

e

C2 Lee of greenery

layer
B Cold Thermal insulation by B4 Retractable awnings and sunshades
covering B5 Fixed construction - covering from a si
. L C1 Lee of buildings - . . .
C Wind Lowering ventilation ¢ C3 Fixed construction — wind barriers

Discomfort from excessive heat can be reduced
by shielding, namely a combination of technical means
and shading from buildings and greenery. Parasols and
awnings, and possibly fixed structures, which can be
supplemented with side and front screens, are used as
technical means. Other cooling features include
evaporation from greenery or water elements as well as
air circulation (natural/artificial). In cold conditions,
restaurants benefit from a location in a space with more
direct sunlight. Alternatively, they use additional heat
sources, or they provide customers with means to
increase the insulation layer. Shielding elements can
also be used for heat insulation, in the best case, fixed
structures with the possibility of adding side walls that
prevent heat leakage back to the outside. Furthermore,
fixed structures with screens are advantageous to
eliminate wind effects. In the researched area in the
centre of Pilsen, differences were found in the
conditions according to location and the means for
reducing thermal discomfort (Tables 3 and 4, Fig. 5).

70
60
50
40

30

Relative number (%)

20

10

0

Type 1-Square  Type 2 - Courtyard Type 3 - Park Type 4 — Street

canyon restaurant

[ Relative number of mitigating factors of the outer environment
M Relative number of technical mitigation means
[ Relative number of all mitigation factors and means
Fig. 5. Relative number of factors that influence and
the means that reduce thermal discomfort in individual types
of restaurant outdoor areas.

Areas belonging to Type 1 (Square restaurant) have the
lowest number of technical means; they are rather
affected by their location. An open space position allows
for more solar energy to be accumulated during the day
(B1), which can be an advantage in the case of a cool
day/evening. The open space also allows for free air
circulation (A8); as a result, the wind cools customers
on a warm day. Retractable awnings for shading are the
only technical means used (A4).

Depending on their location, Type 2
(Courtyard restaurant) and Type 3 (Park restaurant)
areas, generally, have more water elements (A6) and
greenery around them (A2, Ay, C2). At the same time,
they are also better equipped with technical features.
Only the courtyard areas were equipped with portable
fans (A9) enabling artificial ventilation. One outdoor
area belonging to Type 3 was equipped with a fixed
shielding element providing side shading; this allows
for heat insulation (B5) in cool weather and eliminates
the effects of wind (C3). In the case of both types,
specific elements for increasing heat, especially gas and
electric heaters, are used (B2). All Type 2 examined
areas are shaded by buildings (A1), which also restrict
air ventilation (C2). It is the case in which technical
shading elements also include retractable awnings (A4)
and sunshades (A3).

Areas located in street corridors (Type 4 —
Street canyon restaurant) use the benefits of their
location, such as the shade from the neighbouring
buildings (A1) and limited ventilation as wind blows are
blocked by the constructions. (C1). Similarly to Type 1,
there are no water elements or greenery in the adjacent
areas. Technical shading is provided by awnings (A4).

According to this comparison, the most
comfortable areas are those located in the urban
greenery (Type 3); the areas located in courtyards (Type
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2) offer slightly less favourable conditions. These two
types can be expected to have only minor changes in
comfort throughout the day, as greater shading and the
presence of greenery will stabilize air temperature. Type
1 and Type 4 areas are less comfortable; their thermal

conditions are almost identical and depend on the
availability of technical elements. At the same time,
they are likely to experience greater changes in thermal
comfort during the day depending on the position of the
sun.

Table 3. Number of conditions influencing and means reducing thermal discomfort in individual types of areas (description of
conditions and means according to Table 2).

Type | NUMPE | 0 [ A2 | a6 | A7 | A8 | B1 |ci|c2| A3 | A4l A5 |A9|B2| B3| B4l BS | C3
of areas

1 3 2 0 1 0 2 3 1 olo0o|3|o0o|0|0|12|3|0]oO0

2 5 5 1 1 3 0 0 5 1 (3 [3|0|2|1|4]4]0]0

3 3 sl a a2zl ozl alelzialolzlzlz2z] 2

4 3 3/0|lo0o|o0o] 2| o |[3|]o|o|3|o]o]o|2|3[0]o0

Table 4. Average number of factors that influence and means that reduce thermal discomfort in individual types of restaurant
outdoor areas (Type 1 — Square restaurant, Type 2 — Courtyard restaurant, Type 3 — Park restaurant, Type 4 — Street canyon restaurant).

1 Area.on open ground with 3 30 23 53
grey infrastructure

2 In courtyards 5 3.2 3.4 6.7

3 !n open spaces with blue-gre 3 53 37 90
infrastructure

4 In a street canyon 3 2.7 2.7 5.3

3.3. Comparing the types of areas based on
experimental measurements and views of
managers

According to the experimental measurement of
meteorological elements, the individual types of areas
differ in temperature and humidity characteristics (Fig. 6).
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Type 1-Square  Type 2 - Courtyard Type 3 - Park Type 4 - Street
r canyon restaurant

Temperatures (°C) and relative humidity (%)

W Air temperature (°C) B Surface temparature in shade (°C)
O Surface temperature in direct sunlight (°C) B Relative humidity (%)

Fig. 6. Average values of selected meteorological
elements according to individual types of location of outdoor
areas of restaurants measured on 15 August 2017 between
4:00—5:30 pm.
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Type 1 — Square restaurant exhibited the
highest air and surface temperatures, along with the
lowest relative humidity of all types. In contrast, Type 2
— Courtyard restaurant showed the lowest air and
surface temperatures and Type 3 — Park restaurant
showed the highest air humidity. Type 4 — Street
canyon restaurant had similar temperatures as Type 1,
and the humidity of the air was closer to Type 2. The
experimental measurements revealed differences
among the three types of areas; Type 4 could be
grouped with Type 1 because their air and surface
temperatures are similar.

According to the managers interviewed, on
cool days the areas classified as Type 1 record higher
attendance than the shaded areas of Type 2 and 3. Type
4 areas are comfortable during afternoons on sunny
days if they are shaded and have natural air circulation.
Type 2 (courtyard) areas are less well attended on days
with very warm conditions and no air circulation.
Courtyard areas are also better protected against
combinations of rainfall and wind. Attendance at Type 2
areas decreases by 40% on rainy days in comparison to
sunny days, whilst at Types 1 and 4 it decreases by up to
70%.
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3.4. Discussion of typology

The aim of this article is to focus on the issue
of human thermal comfort and microclimatic
conditions in cities, using the example of outdoor areas
of restaurants in the centre of Pilsen. The results are
consistent with the findings of studies on thermal
comfort in an urban landscape (Ali-Toudert and Mayer
2007; Miiller et al., 2014). Thermal comfort can be
influenced by the location of the outdoor area in the
urban space, and the presence of greenery or water
elements. These factors can determine whether the
area is suitable for staying in or whether it is likely to
be used less due to thermal stress (Egerhazi et al.,
2009). The stress occurs when a person feels
excessively cold or hot in a given environment
(Lindner-Cendrowska and  Blazejczyk, 2018).
Appropriate design and correct placement within the
area in question can mitigate the thermal stress. In this
study, a typology of outdoor restaurant areas was
created based on their location in the centre of Pilsen,
that is mainly in an area of medium-high building
density (LCZ 2: Stewart and Oke, 2012). Based on the
proposed classification four categories were identified:
open areas with grey infrastructure (Type 1 — Square
restaurant), in courtyards (Type 2 - Courtyard
restaurant), in open spaces with blue-green
infrastructure (Type 3 — Park restaurant) and in street
canyons (Type 4 — Street canyon restaurant). The
relevance of the typology was verified by establishing
whether the types differ by the means they use for
enhancing comfort and by the values of selected
meteorological elements measured.

According to the data obtained from the
experimental measurements, Type 1 appears to be the
warmest, while type 2 the coolest; the highest relative
humidity was measured in Type 3. Type 4 is similar to
Type 1 in terms of air and surface temperature values
and to Type 2 in terms of relative humidity values. The
proposed typology was largely confirmed by the
experimental measurements. However, the
disadvantage is the nature of measurement; it was
performed only on one day in the summer and,
therefore, it is necessary to further verify the results by
additional microclimatic monitoring. Some types may
vary considerably over the year: for example, the shade
of buildings changes during the year depending on the
height of the sun, and consequently the values of each
type may vary (Hwang et al., 2011).

4. CONCLUSIONS

Understanding the process of climatology
allows us to perceive what happens around us, and
offers ways to prevent some of the negative effects of
climate variations, or use such variations to our
advantage (Popescu and Luca, 2017). There is a growing

need for adaptation to climate change in Central
European cities (Cubillos-Gonzalez and Castillo-Garcia,
2016). Heat waves bring higher potential sales of
beverages or ice cream (Vit, 2018), but, at the same
time, they place higher demands on the creation of a
temperature-comfortable environment, especially in the
outdoor areas of bars and restaurants (Egerhézi et al,,
2009). The present study presents a basic overview of
the so far neglected issue of thermal comfort in the
outdoor areas of restaurants. The proposed typology
based on the location and characteristics of outdoor
areas can be used for the basic classification of the
conditions of individual businesses.

Field research closely monitored fourteen
outdoor areas in the centre of Pilsen. An overview of the
means used to improve conditions was created, i.e.
those that eliminate excessive heat, cold or wind effects.
Based on the research findings, differences in the
number and nature of means for improving thermal
comfort were identified for each type. After
differentiating the resources and means available to
each individual category, Type 3 (Park restaurant) has
been found the most comfortable due to the
advantageous combination of technical means and
location. Similarly, Type 2 (Courtyard restaurant) areas
manifest comparable features, but the number of means
available is slightly lower. Type 1 (Square restaurant)
and Type 4 (Street canyon restaurant) seem to be the
least comfortable.

Climatic conditions affect the attendance of
outdoor restaurants (Egerhézi et al., 2009) or even the
choice of meals (Bujisic et al., 2017). According to the
restaurant managers in Pilsen, outdoor areas are used
6—7 months a year from April to September or October.
After the start of the season, sales increase by 15—-85%,
but the main reason for this is the increase in the
number of seats throughout the business premises and
generally higher attendance in the warm half of the
year. Therefore, restaurant managers can use
knowledge of the impact of location for the
improvement of thermal comfort of their customers,
and consequently for their commercial success. The
typology created, which includes restaurant location,
climate effects and means of mitigating negative effects,
is a guide to the design of space in terms of climatic
conditions and the possibilities to address the local
climate. It can also serve as a basis for assessing the
means available for the enhancement of comfort of
restaurant customers in temperate climate cities.

We can summarize the important results for
restaurant managers. The location of the outdoor area
of a restaurant influences its daily operation.
Depending on the type of outdoor area of the
restaurant, appropriate means to mitigate discomfort
should be chosen. Urban greenery is the best protector
against thermal stress in the outdoor areas of
restaurants.
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It is important to monitor the microclimatic
conditions in cities, to consider them when designing
outdoor restaurants and to try to improve them in
relation to climate change. To attract customers to
outdoor seating areas of restaurants, it will be necessary
to start paying attention to their basic physiological
needs, e.g. the feeling of comfort affected by
temperature, humidity and airflow. The number of
customers attending the considered areas and all other
outdoor public areas may be affected by these factors,
fact that was also confirmed by restaurant managers in
the city of Pilsen. Meteorological conditions also have
an influence on other factors such as beverage sales.
The demonstration of dependence has proved to be
difficult due to the presence of other factors affecting
attendance. The issue can be further explored by
studying the relationship between periods of rainfall
and restaurant attendance, or the impact of indoor air
conditioning on the differences between outdoor and
indoor restaurant environments.
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