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Chapter 6

Urban Climate and Building Energy
Performance in Compact Cities

in Mediterranean Climate

Agnese Salvati and Helena Coch

6.1 Managing Urban Climate in Mediterranean
Compact Cities

The shape, structure and colours of many Mediterranean villages, towns and cities
reveal an old historical link between climate, architecture and built form in this
region. The Mediterranean basin is gifted with one of the most hospitable climates
on earth. Mild winters, sunny summers, good amount of precipitation and well-
marked seasonal variability allow for a wide range of possibilities for people to
thrive. In this context, historic city centres as well as old villages show recurrent
characteristics such as high inertia constructions, use of local “cool” materials like
light-colour stone and white paints, facades with low window-to-wall ratios and
flexible shading systems to control solar radiation and ventilation in summer and
winter. The urban fabric is very compact and continuous, and the most common
building typology is the courtyard type (Fig. 6.1). The arrangement of buildings and
urban blocks generates a dense network of public street canyons and inner court-
yards for multipurpose outdoor activities.

All these are characteristic attributes of the “compact Mediterranean city”, where
compactness here refers to one specific physical characteristic, namely the ratio of
building footprints to urban site area (known also as “plan area density” or “site
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Fig. 6.1 Aerial views of typical urban textures of Mediterranean cities, showing the compactness
of the fabric and the recurrent use of courtyard building typologies. (/) Barcelona Medieval city
centre (Ciutat Vella). (2) Barcelona nineteenth-century Plan Cerda development (Eixample). (3)
Rome Medieval city centre (Campo Marzio). (4) Rome twentieth-century development (Prati). (5)
Medieval core and nineteenth-century development (Murat) in Bari, Italy. (Map data: Google
Earth, Landsat/Copernicus)

coverage ratio'). Compactness indicates how close the buildings are in the urban
fabric. In Mediterranean cities, the ratio of building footprint to the urban site area
is normally higher than 0.4 but can be as high as 0.8, meaning that more than 40%

'Refer to the chapter “Spatial Metrics to Investigate the Impact of Urban Form on Microclimate
and Building Energy Performance: An Essential Overview” by M. Morganti for a complete over-
view of density parameters (Chap. 18).
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and up to 80% of the urban space is occupied by buildings (Morganti 2018). High
compactness generates narrow street canyons that provide protection from the
excess of solar radiation in summer and from strong winds in winter, improving
outdoor and indoor thermal comfort throughout the year. Similarly, at the block and
the building scale, compactness is achieved with courtyard building typologies that
allow the best control of natural energy resources such as sun and wind to improve
indoor thermal comfort throughout the year (Hsie 2008; Natanian et al. 2019; Rojas-
Fernandez et al. 2017).

In the Mediterranean context, as in any other climate region, the shape and mor-
phology of vernacular architecture show that urban and building form can be
designed to create an “artificial climate” that works better than the outdoor climate,
protecting people from low and high temperatures, rain, strong solar radiation and
winds without the use of active energy systems. Using Rafael Serra’s words, a build-
ing is indeed “an artificial refuge, as an island of calm in an un uncomfortable
world®” (Serra 1999). Ironically, today we refer to another kind of “island” in rela-
tion to climate, the “urban heat island” (Oke 1987; Oke et al. 2017) which is not a
refuge, but instead a climate threat to the health and liveability of urban areas. The
urban heat island (UHI), namely the increase of temperature in urban areas com-
pared to the rural (or less urbanised) surroundings, is also a form of “artificial cli-
mate” resulting from the way buildings and cities are designed. However, this
climate modification is not intentional, and, in most of the cases, it is not of help in
creating sustainable, healthy and resilient cities.

The increase of temperature in urban areas is strictly linked to the nature of cities
themselves, which aims at bringing together people and activities in one place. This
needs a substantial modification of the environment, with a substitution of natural
surfaces with impervious materials for the efficient run-off of water from precipita-
tion and, above all, the concentration of buildings and functions and consequent
energy consumption for climatisation and transportation. All these factors contrib-
ute to the increase of surface and air temperature in urban areas.?

In the Mediterranean context, the urban heat island intensity may have both posi-
tive and negative impact depending on the season. An increase of temperature is
advantageous in winter, helping reducing the heating loads of buildings and improv-
ing thermal comfort both indoors and outdoors. In summer, the UHI is instead
responsible for a rise in building energy demand for cooling and an increase of
heat-related health diseases. Due to the intensity of solar radiation, the UHI is nor-
mally stronger in summer than in winter in this context, resulting in a net negative
impact on the annual energy load of urban buildings (Salvati et al. 2015).

2“Los edificios son barreras a la lluvia, al viento y, a veces, filtros sutiles a la luz y al calor.
Rodeados de entornos variables, donde cambian el dia y la noche, el calor y el frio, el viento y la
calma, la lluvia y el sol; se convierten en refugios de artificiales condiciones, como islas de tranqui-
lidad en un mundo incémodo”. “Arquitectura y climas” (Serra 1999) p. 7.

3 A detail explanation of the causes and the characteristics urban heat islands in cities can be found
in the chapter “The Energetic Basis of the Urban Heat Island” by G. Mills, J. Futcher and
L.D. Stewart (Chap. 3).
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In the Mediterranean region, the issue of heat in cities and buildings is becoming
more and more alarming in light of global climate change, which is predicted to
have strong impact in this region, with significant increase in temperature, decrease
in precipitation in summer and increase in frequency, intensity and duration of
extremely hot periods known as “heatwaves” (Bastin et al. 2019; IPCC 2014).
Therefore, the UHI is a local climate modification that amplifies the negative impact
of climate change in urban areas, increasing the exposure and vulnerability of urban
population. Studies have shown that even small changes in the average air tempera-
ture above certain thresholds may determine an exponential increase in mortality,
especially for vulnerable population groups like older people or people with chronic
diseases. This threshold temperature depends on the background climate; in Rome,
for instance, it is around 27.5 °C (Gasparrini et al. 2015), which is a typical mild
daytime summer temperature for this context. In rural areas, the night-time summer
temperature normally falls below this threshold even in the hottest days. Conversely,
the air temperature may stay above this threshold for many consecutive days in
urban areas, due to the night-time UHI intensity.

Considering the high level of urbanisation, the increasing ageing of population
and the prediction of an increase in frequency and magnitude of heatwaves, the risk
of premature heat-related deaths is considered one of the major threats to public
health in the Mediterranean region in the next years (Linares et al. 2020). The risk
is obviously higher in cities with strong UHI intensity, where mitigation and adapta-
tion plans are imperative to protect the citizens’ health and well-being and to
improve the sustainability of urban areas. For these reasons, the need to effectively
integrate urban climate knowledge and modelling into planning and design has
never been so urgent to guide the policies and to assess the performance of existing
and new buildings and urban spaces.

This chapter intends to provide an overview of the characteristics of urban cli-
mate in Mediterranean cities, discussing experimental and numerical studies inves-
tigating the UHI intensity in some representative cities in this region. Particular
attention is posed on the strong relationships between urban form, urban climate
modifications and impact on thermal comfort and building energy demand in typical
urban fabric of compact Mediterranean cities. Case studies in Rome and Barcelona
are presented in order to highlight the complexity of the phenomena involved at dif-
ferent scales and with different points of view (i.e. outdoor thermal comfort or
building energy efficiency). In the last section, design strategies for “heat manage-
ment” at the urban and building scale are discussed.

6.2 Designing with Climate in a Mediterranean Context

The most characterising feature of the Mediterranean climate is its complexity. The
weather conditions change rapidly, over the year and over the day, and both cold and
heat are a problem. Consequently, the design solutions that must be applied in archi-
tecture in this region are similarly complex (Coch 1998; Serra 1999).
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The variable climatic conditions require the local architecture to have great flex-
ibility in order to cope with periods of both excessive cold and oppressive heat.
Moreover, since the changes occur rapidly and at any time of the year, the buildings
need to be able to adapt quickly as well. In very short time, the external conditions
can change from dry heat to humid heat, from calm to strong wind or from drought
to downpours. Therefore, the protection from excessive heat is just one of the func-
tions of buildings in this region, even though one of the more complex to achieve,
especially in cities (Coch and Serra 1996; Salvati et al. 2017b).

In Mediterranean climates, the problem of overheating in buildings is a function
of solar radiation, humidity and air temperature, in this order.

Intense solar radiation for long periods not only contributes to increased air tem-
perature but, more importantly, also heats the masses of urban structures, which
normally consist of heavy masonry buildings in this area. As a result, it is common
to find worse environmental conditions indoors than outdoors during some periods
of the year. In summer and autumn, for instance, the indoor environment can be very
hot due to high internal mean radiant temperatures, even if the air temperature is not
particularly high. These are the paradoxical cases in which the saying that “some
buildings work worse than the climate” is unfortunately true (Coch 1998).

A similar phenomenon occurs with the humidity of the air. Frequently, although
not always nor in all locations, conditions along the Mediterranean coasts are char-
acterised by high humidity combined with relatively high temperatures. It is widely
known that thermal comfort zones get narrower as humidity increases, in a way that
sometimes one can go from feeling cold to feeling hot without achieving an inter-
mediate comfortable perception. The control of humidity, which we consider to be
underestimated in conventional comfort studies, is in fact an important factor for
comfort in buildings in such climates. Even in this case, it is true to say that the
outside climate is often more comfortable than the interior one, where in many cases
there are elements that release humidity.

Finally, the temperature of the air is also important, along with the above param-
eters. In conditions of dry heat, daytime temperatures in the Mediterranean regions
can exceed 35 °C or even 40 °C. In such conditions, the exterior becomes uninhabit-
able and the interiors are cool refuges because the building inertia enables the tem-
perature of the air to be controlled, although in the night-time that same air
temperature becomes uncomfortable.

Considering the above aspects of the Mediterranean climate, the design of build-
ings should be aimed at controlling these three variables all together to improve the
indoor thermal conditions over hot periods. Concerning the issue of excess of heat,
each climate variable should be controlled with specific strategies as follows (and in
this order).

6.2.1 Control the Entry of Solar Radiation

» Totally blocking the entry of direct sunlight through openings, particularly on the
east and west facades and through the roof.
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e Controlling and optimising the entry of diffuse radiation through openings on
any facade, not only coming from the sky but also from exterior reflecting sur-
faces: In fact, any excess of light indoors can be detrimental in this climate in
summer due to its thermal effect.

* Avoiding the entry of long-wave radiation, both originating from surrounding
surfaces heated by the sun and entering the building through its openings and by
the energy stored in the walls of the building itself: Both kinds can have notice-
able impact at night, long after the sun has set.

These three strategies against radiation should be used together, but we can say
that (2) and (3) are of little help if (1) is not implemented.

6.2.2 Control the Humidity of the Indoor Air

 Efficient, controllable indoor ventilation to expel the excess of humidity in humid
heat conditions.

* Ventilation in combination with humidification of the air (evaporative cooling) in
dry heat conditions.

* Controlled ventilation using previously cooled air, by means of underground
ducts and/or conveying air from cooler exterior zones.

The strategies (1) and (2) are conceptually contradictory; therefore, it is essential
to find flexible solutions in those cases in which both climatic phenomena are likely
to occur.

6.2.3 Regulate the Temperature of the Indoor Air

e High inertia in the interior and the outside walls, in climatic conditions with
elevated temperature fluctuations, usually in dry heat climates.

* Reduced ventilation during the hottest part of the day, particularly important in
the same cases as in the point above.

 Insulation on the exterior side of walls, thus decreasing the transmission of heat
from the outdoors to the indoors over the hottest hours of the day.

It has to be noted that this last group, and the last strategy in particular, is of
secondary importance in comparison to the two previous groups of strategies. In
Mediterranean climates, the sole control of air temperature would result in just neg-
ligible improvement of indoor thermal comfort without first having dealt with the
direct, diffuse and long-wave radiation and the humidity issues. As well known, all
these climate variables are profoundly modified in urban areas, due to the UHI
effect and other urban climate modifications determined by urban morphology, such
as solar access, radiation trapping and wind obstruction. Therefore, preliminary
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study and prediction of the urban microclimate conditions around urban buildings
are crucial to develop successful architectural designs, adopting the most suitable
passive technologies to improve indoor thermal comfort based on each site-specific
climate boundary conditions.

6.3 Measuring and Modelling Urban Climate
in Mediterranean Cities

6.3.1 Scale and Purpose of the Analysis

The analysis of urban climate and heat island intensity of an urban area can be car-
ried out with different experimental and modelling techniques, depending on the
purpose and the scale of interest. For the purpose of building energy and comfort
studies, we are interested in knowing and modelling the “canopy-level urban heat
island” (CUHI) and the “surface urban heat island (SUHI)”.#

Regarding the CUHI, we ideally would need to know the vertical profile of air
temperature and wind speed in urban canyons. In fact, the temperature in urban
canyons is not uniform and generally warmer near the ground and lower at the top,
due to thermal gradient, solar radiation trapping and wind obstruction. However,
either measuring or modelling the temperature and wind profiles in urban canyons
is not an easy task. Furthermore, building performance simulations (BPS) are per-
formed using weather files with hourly values of the climate variables for the typical
meteorological year for the location (normally based on measurements at the city’s
airport weather station). In order to improve the accuracy of the energy simulations
for urban buildings, the “rural” (airport) air temperature can be modified using aver-
age canyon air temperatures. For this reason, the experimental studies aimed at
measuring urban air temperature for energy performance analysis use sensors
installed at approximately mid-height within urban canyons (Kolokotroni et al.
2006; Santamouris et al. 2001; Zinzi et al. 2018), assuming that this is the most
representative point to capture the average temperature of urban canyons. Similarly,
tools such as UWG,’ developed for including UHI effects into weather files for
building energy modelling, assume uniform air temperature in urban canyons, con-
sidering the canyon mid-height point to calculate the values.

Air temperature is less variable on the horizontal plane around a building, since
it is the result of the average characteristics of the neighbourhood or, better, the

“The different types of urban heat island corresponding measurement methods are described in the
chapter “The Energetic Basis of the Urban Heat Island” by Mills, Futcher and Stewart (Chap. 3).
5The model is described in the chapter “The Urban Weather Generator Model: Physics-Based
Microclimate Simulation for Performance-Oriented Urban Planning” by J. Mao, L. Nordford
(Chap. 12).
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Fig. 6.2 Location of monitoring equipment within urban canyons to measure urban air tempera-
ture for different purposes such as the analysis of outdoor thermal comfort, building energy perfor-
mance or local UHI intensity. (Image elaborated by the authors)

“local climate zone®” (Stewart and Oke 2012). As opposite to air temperature, other
climate variables such as solar irradiation, surface temperature and wind speed are
likely to vary significantly in very short distances, depending on the location within
the urban canyon and the detailed three-dimensional geometry of buildings and
other urban elements. These variables are crucial for analysing outdoor thermal
comfort” and their temporal and spatial distribution needs to be carefully assessed
using high-resolution microclimate models (i.e. ENVI-met, SOLENE-Microclimat®
or RayMan-SkyHelios®) or using appropriate methods to determine the mean radi-
ant temperature from multiple measurements (Johansson et al. 2014). Therefore, the
experimental studies oriented to outdoor thermal comfort in urban canyons are car-
ried out at the street level (1.5-2 m above ground level) and consider both the CUHI
and the SUHI, which concur to determine the outdoor thermal comfort sensation.

The studies aimed at assessing the dynamics of the urban energy fluxes and the
magnitude of the atmospheric urban heat island at the local and urban scales use
equipment located above the roof level, in the roughness sublayer (Fig. 6.2).

In line with the topic of this book, the next sections will focus on representative
experimental and numerical studies carried out in Mediterranean cities that provide
useful knowledge and tools for improving building energy modelling and thermal
comfort analysis in this region.

®The concept of the local climate zones is described in “The Energetic Basis of the Urban Heat
Island” by Mills, Futcher and Stewart (Chap. 3).

"The complexity of outdoor thermal comfort assessments and the variables involved are described
in the chapter “Thermal Comfort in Urban Spaces” by M. Nikolopoulou (Chap. 4).

8The model is described in the chapter “The SOLENE-Microclimate Model: Potentiality for
Comfort and Energy Studies” by Musy et al. (Chap. 13).

°The model is described in the chapter “RayMan and SkyHelios Model” by Matzarakis et al.
(Chap. 16).
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Fig. 6.3 Cities where the UHI has been measured in the Mediterranean basin (map data: Google
Earth, Landsat/Copernicus)

6.3.2 Urban Heat Island and Microclimate Studies
in Representative Mediterranean Cities

In the last 20 years many experimental and numerical studies of the urban heat
island intensity have been carried out in the Mediterranean basin (Fig. 6.3 and
Table 6.1), reporting strong UHI intensity both at daytime and night-time and
throughout the year. All the cities analysed are classified as Mediterranean climate
in the Koppen-Geiger system (Kottek et al. 2006) and are located at latitudes
between 43.7° N (Florence, Italy) and 31.2° N (Alexandria, Egypt).

6.3.2.1 Maximum Canopy-Layer UHI Intensity

Concerning energy and comfort studies, both the daytime and night-time UHI inten-
sity are relevant, the former to assess the peak cooling loads of buildings occupied
during the daytime (i.e. office buildings), and the latter to assess night cooling ven-
tilation potential and indoor thermal comfort in residential buildings.

The studies carried out in Athens reported that the maximum absolute UHI inten-
sity—namely the maximum observed air temperature difference between the urban
fixed stations and the rural one—occurred during daytime, reaching more than
10 °C (Santamouris et al. 2001; Santamouris 2016); at night-time, the maximum
UHI intensity is lower than 5 °C at all stations.

The UHI intensity was found to be higher during daytime also in Chania, Crete,
reaching a maximum absolute value of 8 °C; in this coastal city, the measurements
highlighted that the daytime UHI intensity is quite variable depending on wind
speed, while the night-time UHI intensity is more stable, varying between 1.5 °C
and 2 °C (Kolokotsa et al. 2009).
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Table 6.1 Review of the methods used in UHI and microclimate studies carried out in
representative Mediterranean cities

Country/city | Study Method
Air temperature
observations
Canyon
Street | mid- Above | Land surface Numerical
level | height roof | temperature study
Greece
Athens Santamouris et al. | x x
(2001)
Livada et al. (2002) X
Mihalakakou et al. X X % (data-
(2001) driven
model)
Mihalakakou et al. X x (data-
(2004) driven
model)
Giannopoulou et al. | x* X3
(2011)
Thessaloniki | Giannaros and X
Melas (2012)
Chania Kolokotsa et al. X
(Crete) (2009)
Volos Papanastasiou and X
Kittas (2012)
Cyprus
Nicosia Theophilou and X
Serghides (2015)
Italy
Rome Colacino and X
Lavagnini (1982)
Bonacquisti et al. X x (UHSM)
(2006)
Cantelli et al. X X
(2011) (RAMS-
LEAF3)
Pelliccioni et al. X X
(2012)
Cantelli et al. X X
(2014) (RAMS-
STEB)
Zinzi et al. (2018) X
Salvati et al. (2016) | x X x (UWG)
Salvati et al. (2019) x (UWG)
Bari Martinelli et al. X
(2020)

(continued)
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Table 6.1 (continued)

Country/city | Study Method
Air temperature
observations
Canyon
Street | mid- Above | Land surface Numerical
level | height roof | temperature study
Florence Petralli et al. (2011) | x
Spain
Barcelona Moreno-Garcia X X
(1994)
Salvati et al. X X
(2017b)
Salvati et al. (2019) X x (UWG)
Serra et al. (2020) x (MODIS)
Martin-Vide and X
Moreno-Garcia
(2020)
Sevilla Romero Rodriguez | x x?
et al. (2020)
Israel
Tel Aviv Saaroni et al. X X
(2000)
Egypt
Alexandria | Hassaan (2008) x (LANDSAT)
Algeria
Constantine | Bourbia and X
Boucheriba (2010)

“The sensor height is not specified in the reference paper

In Bari, the absolute maximum observed UHI intensity reached 6.6 °C in June
and was higher than 4 °C for more than 30% of the summer days (Martinelli
et al. 2020).

In Barcelona, the maximum UHI intensity measured at the roof level occurred at
night-time, with an average monthly maximum of 2.8 °C in winter and 1.7 °C in
summer; however at the street level, in summer, the UHI intensity occurred during
both daytime and night-time, reaching a maximum intensity of 4.3 °C (Salvati
et al. 2017b).

In Rome, a maximum UHI intensity close to 7 °C was detected during daytime
in summer in two urban canyons in high-density neighbourhoods (Zinzi et al. 2018).
In Sevilla a maximum UHI intensity of more than 7 °C was measured at 06:00 h in
the city centre (Romero Rodriguez et al. 2020).
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6.3.2.2 Seasonal Variability

Many studies highlighted the seasonal variability of the UHI intensity in
Mediterranean cities.

Mihalakakou et al. (2001, 2004) reported the following variation of the maxi-
mum average daytime UHI in Athens: +7.5 °C in summer, +5.1 °C in autumn, +
3.7 °C in winter and +4.6 °C in spring. Similar results were found in Thessaloniki,
where the maximum observed UHI varied between 2 °C and 4 °C in the warmer
months and between 1 °C and 3 °C in the cold part of the year (Giannaros and
Melas 2012).

The UHI intensity was found to be higher in summer than in winter also in
Rome, where Colacino and Lavagnini (1982) showed that the mean temperature
difference between the city centre and the rural area was +4.3 °C in summer and
+2.5 °C in winter and a similar seasonal trend was reported more recently by Zinzi
et al. (2018). The prevailing anticyclonic conditions for the Mediterranean region in
the summer months can explain why the UHI intensity is generally stronger in sum-
mer than in winter in most of the cities.

As opposite to the previous cases, the UHI intensity was found to be stronger in
winter than in summer in Barcelona. Studies carried out by Martin-Vide and
Moreno-Garcia (2020), Moreno-Garcia (1994) and Salvati et al. (2017b) showed a
higher UHI intensity in the winter months (+3—4 °C on average) compared to the
summer months (+2-2.5 °C on average) in Barcelona. This is most probably due to
the thermoregulatory effect of the sea, determining a very small daily temperature
range (7T ma—Tmin) and reduced peak temperatures in summer (Fig. 6.4). Furthermore,
these values are based on roof-level temperatures. A measurement campaign in
street canyons showed high UHI intensity in summer at the street level also in
Barcelona (Fig. 6.5), during both the daytime and the night-time.

6.3.2.3 Intra-urban Air Temperature Differences Due to Building Density
and Land Use

Intra-urban temperature differences due to change in land cover, land use and build-
ing density were observed in all the cities.

In Athens, Livada and Giannopoulou (Giannopoulou et al. 2011; Livada et al.
2002) showed that the urban air temperature is lower in areas with high percentage
of green areas and it is maximum in the dense city centre and in industrial areas with
very low vegetation cover. The mean temperature difference between the hottest and
the coolest spots across the city ranged between +3 °C and +5.3 °C during daytime
and between +1.3 °C and +2.3 °C during night-time.

In Florence, cold and hot spots were observed across the city, with mean tem-
perature difference of 2 °C and higher differences in summer and autumn (Petralli
et al. 2011).

At the street level, in Barcelona, the canyon geometry determines significant air
temperature differences from the sunset to the early hours of the morning, with dif-
ferences up to 2.2 °C in favour of the narrower canyons (Fig. 6.5). The maximum
daytime UHI intensity is reached in the low aspect ratio canyons (H/W ~ 0.3), while
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Fig. 6.4 Top: Daily cycle of air temperature in winter and summer months in two dense neigh-
bourhoods of Barcelona; sensors located above roof level at the urban stations (adapted from
Salvati et al. 2017b). Bottom: Wind speed at the airport site, showing the consistent effect of the
sea breeze from April to October between 12 pm and 6 pm

Cormer dei Fintoe Forluny  Ramisis del Baval

Strewt level Vs roof bevel UHI: Raval
175h by 7004

£ i
: e
i =MW 34 (Rnad) - -W/W L0 (Gracia] - HIW L5 [Geracia) HW 03 (R}
i
2
5
i
o MW A5 (Gracia ~~<HMW &4 BRavall - W 17 [Raal) — H/W 10 fGracia)
— 4T GRACIA [Rood Level) BT RAMAL [Roof Level)

Fig. 6.5 Temperature difference in street canyons compared to the airport measurements at the
same time during one hot summer day in Barcelona. (The field measurements have been published
by Salvati et al. 2017b)
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Fig. 6.6 Comparison of the average daily profiles of air temperature calculated by UWG and
measured at a street level at a fixed weather station located in Via Arenula in Rome (adapted from
Salvati et al. 2019)

the maximum night-time intensity is found in the narrower canyons (H/'W ~ 4).
Similarly, in Bari, higher daily maximum temperature is observed in the low-density
urban areas while higher night-time air temperature in the denser urban areas
(Martinelli et al. 2020).

Salvati et al. (2019) carried out a numerical study for Rome and Barcelona using
the “Urban Weather Generator” model (Bueno et al. 2013; Mao et al. 2017), vali-
dated with air temperature observations from urban fixed stations (Fig. 6.6). The
results showed that the variability of urban morphology and anthropogenic heat
from air-conditioning systems across the city determines significant intra-urban air
temperature differences.

6.3.2.4 Impact of Synoptic Meteorological Conditions and Wind Speed

Some studies analysed the variability of the UHI intensity for varying meteorologi-
cal conditions.

In Athens, Mihalakakou et al. (2001, 2004) showed that the city’s UHI intensity
is maximum for high-pressure anticyclonic weather conditions and minimum for
south-westerly flow circulation characterised by strong winds (more than 6 m/s).

Strong interactions between meteorological factors and UHI intensity were
found also in Chania, Crete, due to the peculiar position of the city, bounded by the
Aegean Sea to the North and the White Mountains (about 2000 m altitude) to the
south. Here, Kolokotsa et al. (2009) reported that the UHI intensity varies signifi-
cantly with wind speed and direction; the northern winds expand the UHI front,
while the western winds contribute to the UHI mitigation in the city.

In Volos, a medium-size coastal town, the daily maximum UHI intensity was
observed to be positively correlated with solar radiation and relative humidity in
summer and negatively correlated with wind speed and relative humidity in winter
(Papanastasiou and Kittas 2012). In Thessaloniki, the UHI intensity decreases sig-
nificantly for wind speed higher than 4 m/s (Giannaros and Melas 2012).
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In large coastal cities, the moderating effect of the sea is clear in the neighbour-
hoods close to the shoreline, where smaller diurnal air temperature variation are
measured in comparison to more interior urban and rural locations; this was found
in Tel Aviv (Saaroni et al. 2000), Bari (Martinelli et al. 2020) and Alexandria
(Hassaan 2008). In Alexandria, the moderating effect of the sea on surface tempera-
tures was clear up to about 300 m from the shoreline. Similarly, the moderating
effect of the sea was found to vanish at few blocks’ distance from the coast in Bari
(Martinelli et al. 2020).

In Tel Aviv, the Mediterranean sea breeze (ranging between 3 and 6 m/s on the
measurement days) was found to reduce the night-time summer temperatures at the
roof level, but not at the street level. This result is similar to what was found in
Barcelona, where the daytime summer street-level air temperature in central dis-
tricts was up to 2 °C higher than the air temperature at the roof level in the same
location (Salvati et al. 2017b). The influence of the sea and land breeze circulation
on the vertical profile of the boundary layer above the metropolitan area of Rome
has also been detected (Cantelli et al. 2014; Leuzzi and Monti 1997) as well as a
significant temperature difference between the maximum daytime air temperature
observed at roof level and street level in summer (Salvati et al. 2016).

6.3.3 Wind Speed in Urban Canyons

Much less experimental studies on the air circulation in street canyons have been
carried out.

An important experimental campaign was carried out in Athens in the summer of
2001 by Georgakis and Santamouris (2005, 2006; Santamouris et al. 2008) for the
URBVENT European research project (Ghiaus et al. 2005). The field study was
aimed at developing simplified wind canyon models to assess the ventilation poten-
tial of buildings in urban context. The wind speed and direction at different points
and at different heights within and above urban canyons with aspect ratio between
1.7 and 3.25 were performed. Based on the measurements, semi-empirical models
were created to calculate the wind speed at different heights in street canyons, con-
sidering the direction and speed of the undisturbed wind and the geometry and ori-
entation of the canyon. These models have been recently applied to assess the
impact of urban context on the ventilation potential of buildings located in different
areas across Rome (Salvati et al. 2020).1°

197t has to be noted that the URBEVENT empirical models were applied to Rome on the assump-
tion of similarities in climate and urban geometry with Athens, where the measurements were
carried out. However, the application of simplified models to calculate the wind flow in cities is
very limited, due to the many site-dependant variables involved and the complexity of urban fabric
geometry. A complete overview of the topic is provided in the chapter “Air Circulation in Urban
Areas” by Di Bernardino et al. (Chap. 10).
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6.4 Urban Climate and Building Energy Performance

Many studies highlighted the negative impact of the UHI intensity on the energy
demand of urban buildings in comparison to locations out of the city. The negative
impact is due to the rise in cooling energy demand due to urban warmth, which is
normally higher than the reduction of the heating demand in winter.

Santamouris et al. (2001) used Athens’ urban air measurements to perform
energy simulations using TRNSYS for an office building with cooling set point of
26 °C and compared the performance with respect to non-urban conditions. The
simulations showed a rise of about 120% of the building monthly cooling load and
a decrease of the heating load by 38% in the city centre with respect to the suburban
location, resulting in a net negative impact of urban climate on building
energy demand.

Based on 3-year measurements in four urban sites in Rome, Zinzi et al. (2018)
showed that the heating degree days decrease by 18% while the cooling degree days
increase by 157% in the city centre due to the urban heat island effect. This entailed
areduction of the heating loads by 18% for office buildings and by 21% for residen-
tial buildings, while the cooling loads increased by 53% and 74% for office and resi-
dential buildings, respectively. For non-cooled residential buildings, the UHI effect
determined a significant increase of the overheating hours as compared to the same
building in the countryside, due to the reduced cooling potential of night ventilation
in urban context (Zinzi and Carnielo 2017). The study also showed that the cooling
energy performance of non-insulated buildings is more influenced by urban climate
as compared to insulated ones.

Although many studies analysed the impact of higher urban temperatures on the
building energy performance, very few analysed the net energy impact considering
other urban climate modifications. In fact, the air temperature increase in urban
areas is just one of the urban climate modifications that affect building thermal per-
formance. The complex geometry of the urban fabric determines different kinds of
climate modifications, including variabilities in UHI intensity, obstruction of solar
radiation and modifications of surface temperatures and wind speed in urban can-
yons (Fig. 6.7). All these climate modifications have an impact on the building
energy performance, by modifying the indoor-outdoor heat transfer through the
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Fig. 6.7 Climate modifications determined by urban context and corresponding positive or nega-

tive impact on the cooling and heating energy performance of buildings. (Source: elaborated by the
authors based on Ratti et al. 2005)
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envelope, the solar gains, the ventilation and infiltration energy gains/losses and the
infrared exchange in comparison to an open-rural environment.

Furthermore, these climate modifications have opposite energy impacts. The
reduction of solar radiation on buildings’ facades in a dense area has a positive
impact on the sensible cooling loads and a negative one on the heating loads. At the
same time, the air temperature and surface temperature increase and the wind speed
reduction in urban canyons have the opposite effect, namely a reduction of the heat-
ing and an increase of the cooling demand due to lower outdoor-indoor temperature
differences, reduced ventilation rates and reduced infrared radiation exchange with
the environment. An example of the net energy balance of these opposite effects is
presented in the next paragraphs for residential buildings in Barcelona and Rome.

6.4.1 Urban Morphology and Solar Radiation Availability
on Facades and Roofs in Barcelona

Considering the crucial role played by solar radiation in the Mediterranean context,
the impact of urban geometry on the solar radiation availability on the building
envelope is the first necessary step for a correct assessment of the building energy
performance in an urban context.

The solar radiation availability on facades and roofs on the iconic urban blocks
of the “Eixample” in Barcelona was analysed by Curreli et al. (2016). The study
showed the variability of the sun factor (i.e. incident direct solar energy per unit of
surface in kWh/m?) of the different components of the building envelope (roofs,
external facades, courtyard walls and residual elements) in that urban texture. The
sun factor was calculated with the software Helidon (Beckers and Masset 2011), a
tool for solar energy analysis at the urban scale. The results showed a huge differ-
ence in the sun factor of vertical surfaces and horizontal ones and also significant
differences among the external walls facing the street or the courtyard (Fig. 6.8).
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Fig. 6.8 Seasonal sun factor FR (kWh/m?) for the different components of the building envelope
in the “Eixample” district in Barcelona. (Analysis and figures by Curreli et al. (2016), available at
https://doi.org/10.3390/en9070544)
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The analysis of the solar gain (kWh) distribution on the envelope showed the
dominant role of roofs compared to vertical surfaces in harvesting solar radiation in
such a compact urban structure: roofs collect 33% and 43% of the total radiation
incident on the envelope in winter and summer, while the street-facing walls receive
24% in winter and 17% in summer and the courtyard facades 14% in winter and 9%
in summer. This also highlights a different interaction between urban morphology
and solar radiation in summer and winter, due to the seasonal variability of solar
elevations.

6.4.2 Solar Access and UHI Intensity: Assessing the Net
Energy Impact on Urban Buildings

The high impact of urban geometry on solar access suggests that the impact of the
UHI intensity on the energy demand of urban building may vary depending on the
building’s solar gains. This was shown by Salvati et al. (2017b), by investigating the
relative impact of the UHI intensity on the cooling demand of a residential building
in Barcelona for varying solar access conditions. Energy simulations performed
using urban air temperatures and airport air temperatures showed that the UHI effect
determines a higher relative increase in the sensible cooling demand in the apart-
ments with lower solar gains and higher absolute increase in the apartments with
higher solar gains.

The net energy impact of urban compactness considering solar access and UHI
intensity was explored for buildings located in different urban textures of Rome and
Barcelona in another study (Salvati et al. 2017a). The study was carried out using
the Urban Weather Generator (UWG) for the estimation of the UHI intensity and
EnergyPlus for the solar radiation availability on building facades and the energy
demand calculation of representative apartments. The overall energy impact of the
two urban climate modifications on the building heating, cooling and annual energy
demand was calculated and correlated to the compactness of the urban textures
(Fig. 6.9).

The energy demand was calculated considering a test apartment located at the
first floor in four orientations (NW-NE, NE-SE, SE-SW and SW-NW) in the middle
block of simplified urban geometry models representative of the real urban textures.
In this location, the solar availability on the building facade is reduced by a mini-
mum of 17% in the less dense urban texture to a maximum of 80% in the densest
texture compared to an open environment. The simulation performed using UWG
showed that the average UHI intensity in summer and winter varies from a monthly
minimum of 1 °C in winter in the less compact texture to a maximum of 3.4 °C in
summer in the most compact one (Fig. 6.9).
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Fig. 6.9 Building heating, cooling and annual energy demand as a function of the urban texture
compactness (site coverage ratio—pyq), considering the decrease of solar radiation due to shadows
and the UHI intensity in winter and summer in the textures analysed. The red line in the graphs is
the energy demand of the same apartment in an open-rural context. (Images adapted from Salvati
et al. (2016). Originals available at https://doi.org/10.1016/j.egypro.2017.07.303)

The net impact of these two climate modifications on the energy demand of a
sample apartment was found to vary significantly with the texture compactness.
The results showed a robust (R? = 0.95) negative linear correlation between the
cooling energy demand and the urban compactness; this means that the building
cooling energy demand decreases with the increase of urban compactness, because
the obstruction of the solar radiation has a greater positive impact than the increase
of the UHI intensity. A non-linear relationship was found between the heating
demand and the urban compactness showing that, in winter, the best energy behav-
iour is found for the texture having medium compactness level. This is explained
by the fact that a large reduction of the solar gains in winter has a negative impact
on the heating demand but, at the same time, lower level of compactness also
entails lower UHI intensity, which is beneficial in winter. The overall annual
energy demand resulted in favour of more compact urban textures in this climate
context.
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6.4.3 Solar Access, Urban Air Temperature, Surface
Temperatures and Canyon Wind Speed: Net Energy
Impact on Residential Buildings in Rome

A similar parametric study was carried out for Rome, considering the impact of
solar access, UHI intensity, urban canyon wind speed and urban surface tempera-
tures on the energy demand of a test apartment in different urban textures (Salvati
et al. 2020).

The simulation methodology was based on a chain strategy, using (1) Urban
Weather Generator to calculate urban air temperatures and surface temperatures, (2)
simplified geometrical models to calculate solar masks on building facades and (3)
the URBVENT models for urban canyon wind speed; the set of tools was used to
define urban boundary conditions as input to building performance simulations
using TRNSYS. The URBVENT models (Ghiaus and Roulet 2004) were slightly
modified, as described in detail in Salvati et al. (2020). The URBVENT approach to
calculate canyon wind speed is based on the algorithm reported in Fig. 6.10, which
allows to select different models based on urban geometry parameters and undis-
turbed wind speed and direction with respect to the canyon orientation. Five
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Fig. 6.10 Urban canyon empirical models and algorithm for their application developed for the
URBVENT project (Christian Ghiaus et al. 2004). (The figure is from A. Salvati, M. Palme,
G. Chiesa and M. Kolokotroni (2020) Built form, urban climate and building energy modelling:
case-studies in Rome and Antofagasta, Journal of Building Performance Simulation, 13:2,
209-225, DOI: https://doi.org/10.1080/19401493.2019.1707876, where the models and their
applicability are described in detail. The calculation spreadsheet is publicly available at the link
https://doi.org/10.17633/rd.brunel.11371272.v1)
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Impact of urban climate modifications on the cooling demand of an apartment building in Rome
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Fig. 6.11 Single impact of different climate modifications determined by an urban context on the
cooling energy demand of an apartment building in Rome. (Adapted from A. Salvati, M. Palme,
G. Chiesa and M. Kolokotroni (2020) Built form, urban climate and building energy modelling:
case-studies in Rome and Antofagasta, Journal of Building Performance Simulation, 13:2,
209-225, DO https://doi.org/10.1080/19401493.2019.1707876)

calculation methods correspond to different situations: (1) low-density urban areas
(i.e. no-canyon situation), (2) canyon situation with low wind speed parallel to the
canyon axis or (3) perpendicular to the canyon axis and (4) canyon situation with
undisturbed wind speed >4 m/s parallel to the axis or (5) perpendicular to the can-
yon axis. This procedure allows to generate hourly urban wind speed data to substi-
tute the undisturbed wind speed values in the weather files for energy simulation.

The microclimate results for the urban context in comparison to an open-rural
environment showed that the night-time air temperature is higher, the surface tem-
perature is lower during daytime and higher during night-time and the wind speed
is significantly reduced, as well as the solar radiation availability on walls. The
energy impact of these climate modifications on the cooling demand of an apart-
ment building located in the city centre is depicted in Fig. 6.11.

The obstruction of solar radiation in dense urban textures determines a signifi-
cant reduction of the cooling demand (shading systems were modelled for the build-
ing in both urban and rural contexts). However, the UHI effect has also a large
impact, slightly larger than the reduction due to shadows. A further increase of the
cooling demand in urban context is also determined by the reduced infrared
exchange with the environment due to higher urban surface temperatures and lower
sky view factors and by the reduced ventilation rates determined by lower wind
speed in urban canyons. Therefore, the overall energy impact of urban context
results to be negative in the summer season, determining an increase of the cooling
energy demand. The energy impact of these climate modifications is similar in trend
but opposite in sign in the winter season. Therefore, the resulting annual energy
demand in urban context is very similar to the one in the rural context, but the share
of the heating and cooling demand is quite different, with an increase in cooling and
decrease in heating needs in urban context.

Different outcomes can be found for different urban morphologies and locations
within the city as well as in different climate regions and depending on the building
function (occupancy patterns) and internal gains (Futcher et al. 2013, 2018).
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6.5 Heat Mitigation Strategies for Cities and Buildings
in Mediterranean Context

To mitigate the UHI intensity in urban areas, three main strategies exist, based on
different physical principles: (1) decreasing solar absorption in the urban environ-
ment using “cool materials”, (2) increasing evapotranspiration using greenery and
water and (3) reducing anthropogenic heat from traffic and building air-conditioning
systems. The mitigation potential of the different strategies depends on the back-
ground climate, namely the amount of solar radiation and precipitation in the hot
season and the characteristics of the urban fabric and the buildings’ envelope perfor-
mance (thermal mass and insulation) and HVAC systems. In this last section of the
chapter, we briefly discuss how the characteristics of the Mediterranean context, in
terms of climate and urban morphology, may influence the potential of some of the
UHI mitigation techniques and what strategies should be implemented at the build-
ing scale to improve the cooling performance and reduce the need of air-conditioning
systems.

6.5.1 Increasing Surface Albedo and Urban Albedo

The first strategy is aimed at decreasing solar absorption in the urban environment
by increasing the albedo of surfaces and the global albedo of urban areas. Morini
et al. (2018) used the mesoscale Weather Research and Forecasting Model (WRF!'!)
coupled with a multilayer Urban Canopy Model to investigate the impact of increas-
ing surface albedo in Rome. The simulations showed that the impact of surface
albedo (roofs, walls and paving) on air temperature depends on urban morphology
and that, in some cases, increasing surface albedo may have some undesired nega-
tive impact on urban microclimate. In fact, urban morphology may reduce the cool-
ing potential of reflective materials due to solar obstruction and radiation trapping
phenomena: first, urban morphology decreases the solar radiation upon urban sur-
faces, roads and facades in particular; as a consequence, the beneficial effect of
high-albedo materials is reduced in dense urban textures. Furthermore, urban can-
yons tend to trap the multiple reflections of solar radiation, vanishing the positive
effect of reduced surface temperatures. Studies in the Mediterranean region and
other high-radiation regions have found that increasing the reflectivity of building
facades and paving may actually increase the mean radiant temperature at the street
level, with a negative impact on the outdoor thermal comfort (Alchapar and Correa
2016; Erell et al. 2014; Salata et al. 2015). For these reasons, cool roofs have the
highest mitigation potential in compact Mediterranean cities, due to the combined

" An overview of the modelling capabilities of WRF coupled with urban canopy models is pro-
vided in the chapter “The Coupling of the Weather Research and Forecasting Model with the
Urban Canopy Models for Climate Simulations” by Jandaghian and Berardi (Chap. 11).
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effect of urban morphology (i.e. elevated roof coverage) and surface albedo in
increasing the global urban albedo (Santamouris et al. 2018; Synnefa et al. 2008;
Yang and Li 2015). Conversely, the impact of reflective paving and reflective walls
should be assessed case by case, as it may vary substantially based on the site urban
geometry.

6.5.2 Increasing Vegetation and Comparison Among Different
Mitigation Strategies

The second strategy is based on the increase of vegetation and water in urban areas
and it also depends on urban morphology and climate background. Due to the dense
and compact urban form of Mediterranean cities, the possibility to increase vegeta-
tion and trees in a significant amount is scarce, particularly in the historical neigh-
bourhoods. Furthermore, Apreda et al. (2020) showed that increasing vegetation
cover does not always determine an improvement of microclimate in Mediterranean
climates, depending on the urban morphology. Conversely, in North American cities
with similar climate such as Sacramento or Los Angeles, this strategy along with the
increase of urban albedo proved to be feasible and successful due to a very differ-
ent—Iless compact—urban morphology (Akbari et al. 2001).

In the Mediterranean climate, the mitigation potential of green infrastructure is
also limited by the small amount of precipitation and water availability during the
summer season, especially in southern dryer locations. In Israel, for instance, it
was found that the beneficial effect of daytime temperature reduction is limited to
the irrigated green areas (Spronken-Smith and Oke 1998), while large grassy areas
can even cause higher daytime temperatures (Potchter et al. 2006) and additional
energy expenditures due to the requirement of large quantities of water (Saaroni
et al. 2018).

Battista et al. (2019) simulated the impact of urban vegetation, cool pavements,
shading systems and water stretch on the outdoor thermal comfort in a square in
Rome. The results showed a higher potential of the canopy-shading system to miti-
gate air temperature, followed by the water stretch, increase of trees and use of cool
paving. Interestingly, when the UTCI'? index was analysed, only the shading system
turned out to provide a significant improvement of the outdoor thermal comfort,
confirming the dominant role played by solar radiation with respect to air tempera-
ture in relation to thermal sensation in this climate zone.

12The different thermal indices developed to assess outdoor thermal comfort are described in the
chapter “RayMan and SkyHelios Model” by Matzarakis et al. (Chap. 16).
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6.5.3 Reduce Anthropogenic Heat Generation and Increase
Passive Cooling Design

A third, less investigated mitigation and adaptation strategy for urban warmth is the
reduction of anthropogenic heat from the buildings’ HVAC systems and transport
systems. A parametric analysis carried out using UWG showed that the air-
conditioning systems may be responsible of up to 1.3 °C rise in urban temperature
in summer in the Mediterranean context (Salvati et al. 2017c¢). Similar findings were
found for Singapore (Mohegh et al. 2018), Paris (Tremeac et al. 2012), Phoenix
(Salamanca et al. 2014) and Berlin (Jin et al. 2020).

Another parametric study comparing the beneficial effect of different mitigation
measures in Mediterranean climates carried out by Palme et al. (2019) confirmed
the important role played by anthropogenic heat generation in worsening outdoor
thermal comfort.

6.5.4 Passive Architectural Solutions
Jor Mediterranean Climates

Looking at the architecture of the past in the southern regions of Europe, many les-
sons can be learned on how to cope with heat in buildings. The strategies that have
been developed over the years in the Mediterranean architecture can take the shape
of very different architectural solutions according to local circumstances as regards
climate, sociology, available construction technology, cultural tradition and so on.
We do not intend to make an exhaustive list of them, but just report a selection of
those which best illustrate the wisdom of popular architecture and that should be
further developed and applied also in contemporary buildings to improve summer
thermal comfort (Coch 1998; Coch and Serra 1996; Coch et al. 1998; Serra 1999):

e Protection from the sun by means of external barriers (vegetation, overhangs,
external shutters, louvres and lattices)

e Protection from the sun by means of blinds (Mediterranean blind)

e Protection from the sun by means of white finishes on roofs (cold selective
surfaces)

* Protection from the sun by means of ventilated air chambers (double roofs)

* Cross-ventilation with continuous openings

e Generated ventilation with wind chimneys, solar chambers or wind conduits

e Treated ventilation with wet surfaces

e Ventilation with underground conduits

 Partial sinking of the building underground

e Opaque, mobile surfaces to block openings

 Insulation in the external side of walls
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Another crucial characteristic of any architectural solution to control the indoor
environmental conditions is its flexibility, which is instead very lacking in contem-
porary buildings.

As we have already mentioned, temperate climates often have very variable con-
ditions. This complexity can be handled using flexible architectural systems, with
elements or combinations of elements that can easily change their environmental
action according to the external weather conditions. The most recommended of
these flexible systems are:

* Mobile shading systems, such as the typical louvre blind that allows the entry of
radiation and ventilation to be controlled simply and conveniently.

* Mobile insulation in the openings, shutters, curtains, etc., which enables the flow
of heat and light to be regulated, above all in winter.

* Window types that can be completely opened, permitting maximum control of
ventilation and allowing the free passage of air and sunlight when appropriate.

* Intermediate spaces between indoor and outdoor areas, which can generate
favourable microclimates: These can also be occupied at different times of the
day and the year, thus adding to the building’s functional possibilities.

6.6 Conclusion

The many topics discussed in this chapter intended to highlight the complexity of
the environmental performance of urban areas, with a specific focus on the peculiar
characteristics of compact Mediterranean cities. The aim was to describe the many
aspects that need to be considered when approaching the urban scale, even if the
objective of the analysis is restricted to “just” the thermal performance of buildings
and urban spaces.

In the Mediterranean climate, thermal comfort is a function of solar radiation,
humidity and air temperature. These variables are profoundly affected by the dense
and compact urban forms typical of this region. Many urban climate studies have
been carried out in the last years, bringing more insights on the physics of urban
climate phenomena and the correlation with key urban and geographical features.
The review of the studies carried out in the Mediterranean climates showed some
similarities among the cities in this region. The temperature in urban areas can be
significantly higher than surrounding rural areas both at daytime and night-time; the
maximum daytime air temperature is often (not always) found in less dense urban
areas that have higher solar access, but the maximum night-time air temperature is
always found in the densest urban areas in the city centre. Significant intra-urban air
temperature differences were observed in all the cities, depending on the location
(i.e. city centre or suburban areas or distance from the seashore), the presence of
vegetation and, ultimately, the density of the urban area, that plays the major role in
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most of the cases. Another common finding for large coastal cities is that the mod-
erating effect of the sea and sea breeze on the summer air temperatures is noticeable
at the roof level, but it is vanished at the street level at few blocks’ distance from the
shoreline. Nevertheless, a strong dependence of the UHI intensity on the dominant
wind speed and direction was observed in many Mediterranean cities and should be
carefully analysed in any future urban climate study.

The UHI intensity, wind reduction and radiation trapping in urban canyons have
negative impact on outdoor thermal comfort and building energy performance in
this context. The studies presented in the chapter also highlighted that a holistic and
multiscale approach is needed to assess the net impact of urban climate on the per-
formance of urban buildings. To this aim, many climate modelling tools already
exist, as mentioned throughout the chapter. Due to the complexity of the phenomena
involved, there is no complete or perfect tool yet for an effective integration of urban
climate modelling into building energy performance analysis and architectural and
urban design. Coupling or chaining techniques of multiple simulation tools need to
be implemented to investigate the interrelationships between buildings and micro-
climate in urban areas, with many limitations on the real applicability in the design
practice. However, huge advances have been done in the very last years in this field
and the knowledge gap between urban climatology and urban and architectural
design is shrinking. As architects and building designers, we will keep contributing
with our research for the development of more design-oriented tools that could
effectively support the work of practitioners in the development of climate and envi-
ronmentally conscious buildings and cities.
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