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Abstract

In the context of dense cities, which typically suffer from the Urban Heat Island (UHI) phenomenon,
environmental quality is strongly affected by urban design choices and can significantly vary depending on
the local boundary conditions and local climate phenomena. In this scenario, the present work analyzes the
complex relation between the urban built environment and its local microclimate at neighborhood-urban
scale, by means of both experimental field monitoring and numerical analysis. To this aim, an historic urban
district in the city center of Perugia (central Italy) was continuously monitored during summer 2015 and the
UHI intensity was assessed. Therefore, the validated numerical analysis of the area was carried out through
ENVI-met simulation engine in order to quantify the thermal benefits achievable by applying specific
tailored mitigations strategies, i.e. green facade, cool roof, and cool pavement, in both summer and winter
conditions. The monitoring campaign confirmed that buildings’ density and greenery percentage are able to
considerably affect outdoor microclimate even in historical districts where the design choices are relatively
limited compared to the new urban developments. The numerical analysis highlighted the major role of green
facade in generating the most important air temperature drops in a summer day. Moreover, the effectiveness
of the proposed mitigation technique is demonstrated also in winter conditions.

Keywords: Outdoor microclimate, Urban Heat Island, Experimental monitoring, Numerical analysis, Local
boundary conditions

1. Introduction

Nowadays, more than half of the world’s population lives in urban districts and it was assessed that in 2050
the 66% of the world’s population will be an urban population (United Nations, 2015). This represents a
great growth compared to the 30% registered in 1950. For this reason, the necessity to design healthy,
efficient, and sustainable built environments is becoming a crucial issue for both designer and urban
planners.

As underlined in various studies (Chen and Ng, 2012; Nikolopoulou and Lykoudis, 2006), human outdoor
comfort depends on both physiological factors and the thermal conditions of the environment, which have a
considerable role in influencing people's usage of urban spaces. Therefore, human thermal comfort has been
detected to be one of the most important factors determining the quality of outdoor environments (Lai et al.,
2014). One of the main threaten to the quality of urban microclimate is represented by the Urban Heat Island
(UHI) phenomenon, which consists in higher air temperatures inside urban areas compared to those of the
surrounding rural environment (Mirzaei and Haghighat, 2010). A huge research effort about this local
climate phenomenon is carried out with the aim of understating and defining it from both a qualitative and a
quantitative point of view. In this view, different approaches have been developed by means of both
experimental analyses through in-field measurements and numerical analysis (Mirzaei and Haghighat, 2010).
For instance, Papanastasou and Kittas (2012) detected a maximum temperature difference of 3.4 K and 3.1 K
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in winter and summer, respectively, between the city center and a suburban area of Volos (i.e. a medium-size
coastal city in Greece) by comparing data collected from two fixed meteorological stations. Similarly,
Mhosin and Gough (2012) assessed the great UHI variability in Toronto, by detecting an increase of about
0.02 K per decade between 1970-2000. On the other hand, mobile surveys were implemented in Padua
(Busato et al., 2014) to experimentally characterize the UHI phenomenon. Such approach was able to reveal
an UHI up to 6 K inside the city.

UHI is able to influence the weather conditions of a built environment at several scales (Oke, 1976), and the
consequences at the urban canopy layer can significantly affect the well-being and health of citizens.
Moreover, the global climate change and the increase in frequency and intensity of extreme heat events
(Luber and McGeehin, 2008) may contribute in threatening human society even at a local scale, in terms for
instance of outdoor visual and thermal comfort for pedestrians (Rosso et al., 2015), human health
(McMichael et al., 2006), building energy consumption (Santamouris, 2014b), and also from an economy
point of view (Stern and Treasury, 2007). Therefore, the investigation of the complex relationship existing
between local variations of urban/suburban microclimate and the built environment could help to (i) reduce
the negative effects of the UHI, (ii) find suitable mitigation strategies for each specific urban contest, and
(iil) support a sustainable and energy efficient urban planning. In this scenario, Santamouris et al. (2015)
showed how a deep knowledge of the microclimate conditions of a city could help to develop specific policy
issue and the most appropriate resilience plan to fight the UHI. By using numerical analysis i.e., Teleghani et
al. (2014) studied the relationship between the environment configuration and its microclimate by
implementing in ENVI-met the model of five simple ideal urban forms. The aim was to provide basic
suggestions for urban planners to be easily adapted to realistic situations.

On the contrary, Coronel and Alvarez (2001) found that the ancient neighborhood of Santa Cruz (Seville,
Spain) during summer presents better thermal behavior compared to the new areas of the city due to peculiar
characteristics of the urban environment, such as diffuse presence of trees and water fountains, high thermal
mass of the external walls, mostly white-colored, and aspect ratio and orientation of the narrow streets. In
fact, the alteration of local microclimate parameters in built environment is mainly due to a modification of
the energy balance inside urban areas which depends on the above mentioned factors, and the presence of
anthropogenic heat sources (Giridharan et al., 2007). Over the years different mitigation strategies were
demonstrated to be able to improve such energy balance, i.e. the implementation of greenery (Bowler et al.,
2010) and high-albedo materials inside built areas (Santamouris, 2014a). Such UHI mitigation techniques
have been studied and tested through both experimental and numerical analysis to evaluate their
effectiveness (Bruse and Fleer, 1998; Ridder et al., 2004). In the specific context of dense historical cities,
Pisello et al. (2015b) tested a combination of these two strategies, since other invasive mitigation techniques
cannot be applied due to architectural constraints. Furthermore, in order to overcome such constraints,
innovative cool colored coatings were developed to ensure the same esthetic properties of the traditional
coatings, but a more selective absorption band in the infrared part of the spectrum. Synnefa et al. (2007)
found a maximum temperature difference of 10.2 K between a cool and standard colored coating, and almost
the same values were obtained by Pisello et al. (2013) for a clay tile coatings suitable for applications in
historic constructions.

2. Motivation

During summer 2015, a monitoring campaign of the outdoor environmental parameters was conducted in
four different districts inside the historical city of Perugia, in central Italy. Data collected underlined the
presence of higher air temperatures inside the area of the historical city center, which is characterized by
dense urban design and lack of green areas. Building upon these finding and previous studies, the purpose of
the present work is to investigate the effectiveness of studied suitable strategies to reduce the summer
overheating in this context. Therefore, through numerical analysis, green facades, cool roofs, and cool
pavements were implemented inside a realistic validated model of the area of interest to assess the benefits
achievable in terms of local microclimate parameters and pedestrians’ comfort.

Although the main aim is to mitigate summer overheating, microclimate variations were studied also in
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winter conditions so as to evaluate possible consequences or benefits of the proposed mitigation techniques
on outdoor thermal parameters during the cold season.

3. Materials and Methods

In order to pursue the outlined targets, a numerical model of the monitored area within the historical center
of Perugia during summer 2015 (Fig. 1a) was developed. To ensure the reliability of simulation results, a (i)
preliminary phase of validation was conducted. Once reached an acceptable correspondence between
measured and simulated data, (ii) alternative scenarios to the real one (with well-acknowledged mitigation
strategies), were simulated during a summer and a winter day. More in detail, the daily weather profiles were
selected from the typical July (July, 15™) and typical January (January, 15™) provided by IGDG TMY
(Typical Meteorological Year) for the city of Perugia, built on 1951-1970 period of record (U.S. Department
of Energy, 2014). Therefore, (iii) the microclimate output obtained from the simulation were analyzed in
terms of the outdoor thermal comfort index PET (Physiological Equivalent Temperature) (Chirag and
Ramachandraiah, 2010) to assess how these mitigation strategies could affect pedestrian perception of the
surrounding environment (Fig. 1).

in-field monitoring campaign

microclimate modeling of historic district

P

modeling of alternative scenarios:
S1 - green facades

S2 - cool roofs

S3 - cool pavements

S4 - sum of previous techniques

g

determining of the PET index

DATA
ANALYSIS

COMFORT
EVALUATION

Fig. 1: (a) Position of the modeled area within the historic center of Perugia and (b) scheme of the adopted methodology

3.1. Modeling and validation process

The studied area is an East-West oriented street, 40 m long with a width varying from 3 to 12 m along its
length (Fig. 2). Moreover, between the eastern and western side there is a height difference of 5 m. As the
area is located in the historical center of the city, buildings surrounding the street are characterized by thick
stone walls and the outdoor pavements are covered by bricks and plates made of pietra serena (except for the
final western side which was recently asphalted) (Fig. 2¢).

A three-dimensional microclimate modeling system, i.e. within ENVI-met V4 environment, designed to
simulate the surface-plant-air interactions with a resolution from 0.5 to 10 m in space and from 1 to 5 sec in
time, was used for the numerical analysis (Huttner and Bruse, 2009). The choice of the software was related
to the high accuracy in space provided, which is optimal to study urban microclimate at a low scale, i.e.
within the Urban Canopy Layer, where this work is focused. A realistic model of the area was developed and
calibrated by using experimental data collected during the summer 2015 monitoring campaign. The
calibration was performed following the suggestions of the ASHRAE GUIDELINE 14-2002 (ASHRAE,
2005), through both a statistical and graphical approach. The geometrical base of the model is a 3D grid of
dimensions 30x60x35 having 1m side cube as unit. The materials used to characterize walls, roofs, and
pavements were selected from the software database and their thermo-physical properties are summarized in
Tables 1 and 2.

In order to have the necessary data for the calibration, during the monitoring campaign a portable weather
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station placed at 15 m height (Pisello et al., 2014) and two Tinytag temperature and relative humidity probes
and data-loggers (Pisello et al., 2015a) located at 2 m above the ground (Fig. 2d) were installed. As weather
input the following data were used:

e Initial wind speed: value collected from the weather station at 6 a.m., start time of the simulation;

e  Wind direction: value prevailing during the three days of the monitoring campaign;

e 24h air temperature and relative humidity forcing: data collected by the probe located on the South-
oriented side (Fig. 2d, point B).

The simulation has been running for 24h and the data comparison for the calibration corresponded to those
collected from the North-oriented probe (Fig. 2d, point A) and those extracted from its representative point
within the model.

d)

Fig. 2: View of the street from the (a) western and (b) eastern sides, (c) view of the street crossing the studied one on the East,
and (d) localization in the plant of the monitoring probes

Tab. 1: Characteristics of the walls and roofs composing the reference scenario

Element Albedo Emittance Specific heat Thermal Density
[-1 [-1 [J/kg K] conductivity [kg/m3]
[W/m-K]
Walls 0.30 0.90 840 0.86 930
Roofs 0.50 0.90 800 0.84 1900

Tab. 2: Characteristics of the different pavement profiles composing the reference scenario

Pavement profile Albedo Emittance Volumetric Heat Heat Conductivity
[-] [-] Capacity (upper layer) (upper layer)
[J/m*-K] [W/m-K]
Brick Road 0.30 0.90 2.00-10° 1.00
Basalt Brick Road 0.80 0.90 2.39-10° 1.73
Asphalt Road 0.20 0.90 2.25-10° 0.90

3.2. Modeling of alternative scenarios

Alternative scenarios to the reference one, named S0, were developed by modeling the application at urban
level of the following strategies for Urban Heat Island mitigation:

e Increase of urban greenery: introduction of vertical green systems on the buildings’ facades, i.e.
scenario S1;
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e Replacement of traditional materials with high-reflectance ones: highly reflective roofs, i.e. scenario
S2, and pavements, i.e. scenario S3, developed by using cool solutions for the coating material;

e Combination of the three mitigation strategies, i.e. scenario S4.

All the strategies, as summarized in Table 3, were selected to be realistically implemented in the case study
area, which presents architectural constrains since it is located inside the historical center of the city. In
particular, cool materials characterized by the same spectral response of traditional ones in the only visible
region were considered in order to preserve buildings’ heritage value, while providing higher reflectance
values in the other ranges of the solar spectrum (Pisello et al., 2013). Moreover, pavement’s thermal
properties were optimized based on the real necessity to substitute the current asphalt area. The last
technique, i.e. green fagade, can be well integrated with the existing context as it is already installed in a
building facing the crossing street (Figure 2c¢).

Tab. 3: Characteristics of the components modified in each mitigation scenario

Scenario Element Mitigation technique Properties

S1 Walls’ Fagade Greenery Leaf Area Density: 2 m*/m’
Foliage albedo: 0.60

S2 Roofs Cool material Albedo: 0.75

S3 Pavement Cool material Albedo: 0.85

S4 Combination of all the above mentioned techniques

The five scenarios were simulated during a representative summer and winter day in the climate context of
Perugia, Italy, by using as weather input the TMY weather files for the months of July and January,
respectively.

3.3. Outdoor thermal comfort analysis of mitigation scenarios

In order to evaluate the benefits achieved through the implementation of the mitigation strategies, the
weather data obtained as output in the numerical simulation were analyzed in terms of thermal comfort
improvements inducted in the surrounding outdoor area. A comparison between data obtained in the
reference and alternative scenarios was performed by analyzing (i) the spatial distribution of the
environmental parameters through describing maps and (ii) their variation in time during the day. Maps were
generated when air temperature reaches its maximum value (i.e. 3:00 p.m.) and just after the sunset (i.e. 9:00
p.m.). Time series were extracted at 1.5 m, i.e. pedestrian level, from the ground in two different points
selected because of their different characteristics (Fig. 3).

Furthermore, the Physiological Equivalent Temperature (PET) was chosen as the parameter representative of
the outdoor comfort of pedestrians. The index was evaluated through RayMan data post-process software
(Matzarakis et al., 2007).

Location SVF Time range when reached
by direct solar radiation
Point 1 3 and 4 m distant from the cast-  0.15 12:00-2:00 p.m.
[x=12, y=28, z=5] west and the north-south

oriented green walls,
respectively

Point 2 above the area originally 0.51 3:00-8:00 p.m.
[x=5. y=8, z=1] presenting pavement made by
asphalt

=~ |ocation of green facades

asphalted area

Fig. 3: Location in the model of the two points selected to extract simulation data (at 1.5 m height)
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4. Results and Discussion

4.1. Model calibration

The graphical and statistical approach followed for the model calibration was carried out as suggested by the
ASHRAE GUIDELINE 14 (ASHRAE, 2005). The results depicted in Fig.4 show that the difference in terms
of air temperature, between the measured and simulated values, is always lower than 3 K and mostly lower
than 1 K. The maximum gap is reached during the hottest hours of the day, when the software tends to
overestimate this parameter. Moreover, the difference in terms of air relative humidity is always lower than
10 %.

In addition to the graphical analysis presented in Fig. 4, two statistical indexes, i.e. Mean Bias Error (MBE)
and Root Mean Square Error (RMSE) (ASHRAE, 2005), were evaluated, as reported in Table 4. According
to the obtained results, the model can be considered representative of the real area with good approximation.
Therefore, it can be used to simulate which could be the improvements in the outdoor microclimate of the
zone due to the application of the selected mitigation strategies.

31 70
30

F[°C]

RH [%]

71 30

1:00 PM 7:00 PM 1:00 AM 7:00 AM 1:00 PM

——T_measured —&0— T _simulated —4—RH_measured RH_simulated

Fig. 4: Comparison of measured and simulated air temperature and relative humidity values trend for model validation

Tab. 4: Calibration parameters results

Parameter MBE RMSE
Air Temperature 0.82K 1.0SK
Relative Humidity 221 % 2.96 %

4.2. Summer analysis

The analysis of the alternative simulated scenarios shows that, as expected, scenario S4, combining all the
mitigation solutions, is the most advantageous one in summer (July, 15™) in terms of air temperature
reduction, especially at pedestrian level (Fig. 5). In fact, by examining the air temperature values in the two
analyzed positions, a decreasing trend is detected in the daytime. The best improvement is achieved at point
2, the one located in the previously asphalted area, where an air temperature decrease is registered during all
the daytime, varying from -0.5 K (at 8:00 a.m.) to -0.85 K (at 3:00 p.m.).

By analyzing each strategy contribution, the implementation of greenery (S1) seems to be the most effective
solution. Moreover, this strategy is the only one leading to benefits in both the points selected. However, in
the point closest to the green fagade (point 1) the maximum cooling, equal to -0.36 K, is obtained at around
3:00 p.m., i.e. in the peak temperature hours. Whereas, in point 2 the cooling benefit is not perceived during
the daytime and the maximum cooling (about 0.4 K) is reached during the coolest hours, i.e. at around
midnight, given the different exposition to direct solar radiation of the two points and the reduced heat
emission from the walls due to the presence of greenery.

Opposite results, but similar behavior, are detected in S2, where high reflectance tiles are applied on the
building roof. In both the points the air temperature increases during the daytime if compared to the reference
scenario, especially in point 2. However, these worst values registered in presence of solar radiation (the




Anna Laura Pisello / EuroSun 2016 / ISES Conference Proceedings (2016)

maximum increment of air temperature, equal to +0.21 K, is found at 7:00 p.m.) are balanced by
improvements obtained during the night, leading to a difference up to -0.26 K at 6:00 a.m. This effect is due
to the lower surface temperatures of the built surfaces and, therefore, to their lower contribution in the
thermal balance during the nighttime.

Unlike previous results, a different behavior can be noticed in scenario S3, where the pavement reflectance is
increased. In particular, in point 2 a drop in temperature is registered during the whole day leading to a mean
daily reduction equal to -0.29 K, compared to the reference scenario, i.e. SO. On the other hand, at point 1 the
temperature values are slightly increased from 12:00 to 7:00 p.m., with negligible differences up to +0.04 K
(at 2:00 p.m.). In fact, point 2 is located above the ground surface covered by asphalt in the reference
configuration and, therefore, the thermal properties improvement of the proposed materials are mostly
perceived. On the contrary, point 1 seems to suffer from the presence of solar radiation, both direct and
diffuse, since it is reached by higher mutual reflections of short wave radiation from the surrounding
structures.

The relative humidity trend is strictly connected to the air temperature. However, relevant differences can be
noticed just in scenarios S1 and S4 where greenery acts like a vapor source due to plants transpiration. The
ratio between the AT and ARH is detected to be around -0.32 in the scenarios without greenery, but gets
lower (-0.19 at point 1, the closer to the green facades, and -0.25 at point 2) after the introduction of
vegetation.
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Fig. 5: Air temperature difference between reference (S0) and different mitigation scenarios in the summer day at 3:00 p.m.
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Furthermore, the mean radiant temperature (MRT) values were analyzed (Fig. 6). The trend of the MRT
shows one peak at point 1, while two peaks at point 2, since direct solar radiation occurs at different times in
the two selected locations. At point 1, the peak coincides with the maximum values of reflected solar
radiation (at around 1:00 p.m.). At point 2, a first relative peak is detected due to the maximum value of
reflected radiation and an additional one is achieved at 3:00 p.m., when the point is reached for the first time
by direct solar radiation. Additionally, unlike the previous results in terms of air temperature, the scenario S4
shows worst MRT values with respect to S0, and the solution which mostly influences this effect is the cool
paving, i.e. scenario S3. In fact, the pavement reflectance, where high-albedo materials are applied, is able to
significantly affect this parameter. Therefore, in the new comprehensive solution S4, a higher mean radiant
temperature is observed during the daytime with respect to SO. Although this behavior is registered in both
points, a wider range of values is detected in point 2, where MRT achieves its worst value (i.e. +7.62 K at
1:00 p.m.). However, it maintains lower values during the night (mean nighttime increase of +0.1 K) if
compared to point 1 (mean nighttime increase of +1.5 K)), where the SVF is lower. This is also the reason
why in S4 an enhancement of the MRT, i.e. up to -0.11 K, is registered after sunset only in point 2.

An opposite behavior, but with relatively minor impact on the final results, is detected for S2, where
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modification of buildings’ roof reflectance properties are implemented by increasing the albedo of a 50%
(i.e. from 0.5 to 0.75). In this scenario, the wider temperature variation is registered in point 1, from a
minimum of -0.9 K at 8:00 a.m. up to a maximum of +0.8 K at 8:00 p.m., while in point 2 the range is
between -0.55 K and +0.42 K.

Finally, benefits are registered also in terms of MRT by comparing the scenario characterized by the
presence of greenery, i.e. S1, and SO. In detail, at point 1, which is closer to the green fagade, lower values of
MRT are detected, compared to SO, for almost all the daytime reaching a maximum of -2.84 K at 2:00 p.m.
Therefore, an average daily reduction of MRT equal to -0.28 K is detected. Similar but lower effect is
registered at point 2, where the achieved mean daily drop of MRT is equal to -0.21 K.

In order to assess the effect of the proposed strategies on the outdoor thermal comfort conditions, the PET
index was calculated for the different scenarios (Fig. 7). The PET is strictly related to the trend of the mean
radiant temperature, and it was obtained by imposing a clo (static clothing insulation) equal to 0.5. Results
show how the midday MRT increase due to the implementation of the high reflective paving causes the
increase of the PET in scenario S3 and S4 when the two points are reached by the direct solar radiation and
when the peak of reflected solar radiation occurs. Whereas, the pedestrian comfort is improved in particular
in point 1 due to the positive effect of the green facades.

AMRT [K |
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Fig. 6: Mean radiant temperature difference between reference (S0) and different mitigation scenarios in the summer day at
3:00 p.m.
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Fig. 7: PET daily trend in all simulated scenarios at (a) point 1 and (b) point 2 in the summer day
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4.3. Winter analysis

Even if the proposed mitigation techniques are specifically designed to improve the outdoor thermal comfort
conditions of the case study area during the hottest season (when the worst conditions in terms of outdoor
thermal comfort are experienced at these latitudes), this section describes the results of the analysis of their
effects during winter (January, 15™). The aim is to evaluate if the thermal comfort could be enhanced also in
the cold season, or at least not reduced, and to quantify the potential benefits of the applied strategies, which
are expected to be lower, compared to the summer ones.

In terms of air temperature, low improvements were detected in almost all the scenarios (Fig. 8). The only
exception is registered in S3, i.e. in presence of high reflectance pavements, at point 2 from 12:00 to 4:00
p.m. However, a maximum decreasing of air temperature of only -0.06 K is detected at 2:00 p.m., meaning
that paving surfaces are reaching lower surface temperatures even if subjected to the same direct radiation (as
expected for cool materials). Nevertheless, S3 is globally the scenario where the higher air temperature
increase is detected, with a mean daily variation, of +0.10 K at point 2 with respect to the reference scenario
(S0). Instead, at point 1 the maximum mean daily variation, equal to +0.08 K, is registered in S1, i.e. where
green facades are implemented. Moreover, higher air temperature improvements occur during the nighttime,
when the lowest values of the parameter are reached.
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Fig. 8: Air temperature difference between reference (S0) and different mitigation scenarios in the winter day at 3:00 p.m.

Greater variations were found in terms of mean radiant temperature (Fig. 9), in particular at point 1, the one
presenting the lower value of SVF (i.e 0.15). In fact, during winter both the selected points are never reached
by direct solar radiation, due to the lower height of sun in this season. Therefore, in the absence of direct
solar radiation, the effect of mutual reflectance between built surfaces has a stronger impact on the MRT.
The highest values of the MRT occur in S3 (characterized by cool pavements) where a maximum difference
of +3.41 K, compared to the reference scenario, is detected at 2:00 p.m., i.e. when the reflected radiation
reaches its maximum. On the other hand, the introduction of greenery, i.e. S1, causes a drop in the MRT
equal to -2.12 K in point 1, where the presence of the green vertical system is more perceived. After the
sunset (i.e. at 5:00 p.m.) the effect of all mitigation strategies is almost the same and vary from +2.93 K (i.e.
in S1) to +4.00 K (i.e. in S3) at point 1, and from +1.54 K (i.e. S1) to +2.32 K (i.e. S3) at point 2.

As regards the outdoor comfort assessment, the PET (Fig.10) was evaluated also in winter conditions by
imposing a cloth resistance of 1.2 clo. In general, although the improvements are detected to be low, apart for
S3, it is interesting to notice that the PET gap between the improved scenarios and the reference one is more
significant in the nighttime rather than during the day. It means that the applied strategies induce an
increment in terms of PET especially in the coldest hours. Therefore, even if the proposed solutions were
specifically designed to fight discomfort conditions during the hot season, their effect is non-negligible also
during winter, even if less significant.
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Fig. 9: Mean radiant temperature difference between reference (S0) and different mitigation scenarios in the winter day at
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Fig. 10: PET daily trend in all simulated scenarios at (a) point 1 and (b) point 2 in the winter day

5. Conclusions

Urban microclimate has a strong influence on many aspects of human life in the cities. In dense urban
environments, the Urban Heat Island phenomenon is a threat to the quality and the livability of the outdoor
built environment. In this work, the impact of different UHI mitigation strategies implemented within a real
historical precinct was assessed through calibrated numerical analysis, i.e. by using ENVI-met V4. Four
possible mitigation scenarios were evaluated under both summer and winter conditions, i.e. the
implementation of (i) greenery on building facades, (ii) cool roofs, (iii) cool pavements, and (iv) the
combination of these three strategies. The possible thermal benefits deriving from their application were
quantified in terms of microclimate parameters and outdoor comfort index, i.e. PET.

Generally, results showed improvements in terms of air temperature for all the solutions both during a
summer and a winter day. The implementation of greenery led to the greater temperature gaps in summer,
with respect to the reference scenario, i.e. an average daily difference (calculated for the whole analyzed
area) of -0.25 K (at 1 m height) compared to the -0.05 K and -0.18 K obtained by implementing cool roofs
and cool pavements, respectively. Whereas in winter, when lower effects were registered, no strong
differences were noticed among the different scenarios. Furthermore, greenery was the only solution that
improved the radiative balance of the outdoor environment in summer. On the contrary, the implementation
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of cool materials, and in particular of cool pavements, caused a huge increase of the mean radiant
temperature, which negatively affected the human thermal perception of the outdoor space in summer.

Future developments of this work will analyze the effects of such mitigation strategies applied diffusely
within the city, enlarging the area of study. The final aim will be to provide reliable information to support
both designers and urban planners in the design and development of policies to improve dwellers and
pedestrians’ quality of life.
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