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It is generally recognized that both urbanization and climate change contribute to the emergence of
urban heat islands (UHI). Urban areas frequently encounter summertime local overheating, which is
stressful and negatively affects a building’s systems capacity to maintain the indoor air temperature set-
point. UHI has sharply increased during the last 10 years as a result of shifting land use patterns, escalat-
ing urbanization, and declining plant and water supplies. The scientific community has recently paid a lot
of attention to studies on UHI mitigation techniques, including those utilizing green roofs, cool materials,
vegetation, and water supplies.
In this work, a square in Rome was experimentally and numerically investigated to assess a potential

remedy for reducing outdoor air temperatures. A calibrated numerical model was made using the ENVI
met tool, and several types of mitigation scenarios were looked at in order to lessen the area’s warming
and analyze the impacts of the recommended remedies on decreasing air temperature. The study’s find-
ings show that changing the pavement’s albedo and adding more vegetation inside the square enhance
the thermal conditions of the air. The use of grass pavers, in particular, would provide the biggest
advantages.
� 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

Urban heat islands are mostly caused by urbanization and cli-
mate change. When compared to the rural population, the urban
population is growing. Deforestation and soil consumption are also
connected to urbanization. By dividing the population of urban
areas by that of rural areas, the urbanization rate may be calcu-
lated. Urban growth refers to a rise in the population rather than
an extension of the surrounding area [1].

All around the world, people made the transition from the
countryside to the metropolis, although not always in the same
way [2]. From 2 to 3 % at the beginning of the nineteenth century
to 30 % in the middle, growth has accelerated in recent centuries. It
didn’t stop until 2017 when the urban population surpassed the
rural one [3].

The urban heat island phenomenon is a result of urban expan-
sion [4,5]. An urban microclimate phenomenon is known as urban
heat island [6]. It was initially described by Luke Howard in his
1818 paper ‘‘The Climate of London” [7] as the rise in temperatures
in urban regions relative to what occurred in rural areas. When
wind fluxes are decreased, this phenomenon is more prevalent.
The high solar radiation absorption on concrete and asphalt, which
releases the heat of the day during the night [8,9], the reduction of
green spaces and naturally permeable surfaces, thermal human
sources related to transportation and air conditioning systems,
low soil water retention, and low levels of evaporation are just a
few of the causes of the temperature difference between cities
and rural areas, which can range from 0.5 to 3 �C.

The consequences of urban heat island can have a negative
influence on people’s life. [10,11]. This disease is directly tied to
the quality of the air and water. Additionally, it increases air con-
ditioning system usage because buildings cool down more often
[12,13], which increases power consumption [14,15] and increases
pollutant emissions in metropolitan areas [16,17].

Due to shifting land uses, growing urbanization, and a decline in
plants and water supplies during the past 10 years, UHI has signif-
icantly increased [18–20]. Urban growth in Shanghai has disrupted
the surface energy balance and increased the sensible heat flow,
according to Zhang et al. [21]. This is because there are less plants
and water bodies, which reduces the difference between the land
surface temperature (LST) of the city and the urban perimeter.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2023.112809&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.enbuild.2023.112809
http://creativecommons.org/licenses/by/4.0/
mailto:gabriele.battista@uniroma3.it
https://doi.org/10.1016/j.enbuild.2023.112809
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enb


G. Battista, E. de Lieto Vollaro, Paweł Ocłoń et al. Energy & Buildings 282 (2023) 112809
LST values in Delhi’s commercial and industrial zones were 4 �C
higher than in the suburbs, according to Mallick et al. [22]. This
is caused by both human activity and changes in plant density.

Climate conditions and urban heat island have a strong rela-
tionship that has a big influence on energy usage. Hwang et al.
[23] report that an urban heat island intensity level between
1.9 �C and 3.2 �C caused Taiwan to experience an increase in house-
hold yearly cooling energy from 1979 to 2003 of 87.3 % to 243.6 %.
According to the calculations, the future UHI will be 5.8 �C with a
maximum yearly cooling energy gain of 476.9 %. In a case study in
the Yangtze River Delta, Du et al. [24] found that there is no corre-
lation between population density and urban heat island intensity
in metropolitan regions. However, there is a positive association
between UHI intensity and the urban area and energy use. The
average wind or rainfall rate and the severity of the UHI did not
correlate well [25–28].

Boulevard Street and high-rise residential structures in Putra-
jaya, Malaysia, have 4 �C lower temperatures than low-rise ones,
according to research by Qaid et al. [29]. The temperature is 1 �C
lower in the low-rise buildings than it is in the nearby suburban
areas. Low-rise buildings experience thermal stress for a longer
period of time than high-rise residential structures and boulevard
roadways. In the Mendoza metropolitan area of Argentina, a tiny
non-forest canyon appears to have the warmest area, whereas a
multi-azimuthal neighbourhood grid appears to have the coolest
air temperature, according to Sosa et al. [30]. The combined effects
of neighbourhood grid and urban canyon plan were also found to
have a substantial influence on urban heat island reduction.
According to Li et al. [31], the link between near-surface urban pol-
lution island and atmospheric urban heat island is �0.31 and is
most prominent at night. According to the study, clear nights cause
an increase in the surface urban heat island of 12 %.

Recent times have seen a lot of interest in studies on UHI miti-
gation techniques, including those utilizing green roofs [32,33],
cool materials [34], vegetation [35,36], and water sources [37,38].
For both big urban areas, such as cities as a whole, and smaller
localized urban areas, such as urban canyons, adopting mitigation
strategies is essential [39,40]. Matias and Lopes [41] investigated
how the radiation balance of urban materials impacts the air tem-
perature in an urban canyon.

Larger studies showed that the increasing adoption of cool and
green roof technologies has a profound impact on urban heat
island reduction. According to Georgakis et al. [42], a 7–8 �C drop
in surface temperature may be achieved by lowering wall surfaces
by 2–3 �C and increasing the albedo value of pavements at ground
level. The overall air temperatures in the urban street canyon
dropped by 1 �C, according to the research. Peron et al. [43] found
that the temperature decreased by roughly 4 �C when cool materi-
als and green permeable surfaces were utilized in place of the old
pavements and roofs in a section of Mestre, Venice. Pavement has
an impact on UHI effects as well [44,45].

Numerous studies and conclusions that have been published in
the literature [46–48] discuss the effects of UHI on Rome’s climatic
conditions and the influence of mitigation strategies, particularly
in terms of decreasing air temperature values in certain metropoli-
tan regions. Zinzi et al. [47] ’s research of the impacts of heat waves
on three Rome neighbourhoods from 2015 to 2017 found that the
UHI index might increase by up to 1.5 �C as a result, despite an 87 %
increase in cooling energy usage in buildings during these times.
Rome’s UHI has values of 0.7 �C and 1.0 �C, respectively, and is
more severe in the summer than it is in the winter, according to
a review of data spanning three years from 2015 to 2017 [48]. Bat-
tista et al. [49] examined a densely populated Roman square to
ascertain the impact of various UHI mitigation techniques on air
temperatures and outdoor thermal comfort conditions. Salata
et al. [50] carried out a field survey investigation in Rome to eval-
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uate outdoor spaces that are crucial for minimizing the effects of
UHI. Using monitoring data and numerical analysis, another study
evaluated different UHI mitigation strategies in Rome. The results
showed that while using reflective materials and vegetation could
lower the temperature by up to 2 �C, new urban development
could increase the average ambient temperature by up to 3.5 �C
during the midday [51]. Salata et al. [52] ’s computer model of a
university campus in Rome may be used to evaluate different
UHI mitigation strategies. In Rome’s localized urban districts,
highly reflective materials [53], green roofs [54] and urban vegeta-
tion [55] are typical strategies. The urban characteristics of a his-
toric city like Rome, such as its winding streets that form urban
canyons and its traditional roof materials composed of low solar
reflectance Roman clay tiles, may have an impact on the UHI index
[56,57].

This project’s goal is to assess several technical options for
improving the microclimate in a densely populated area of Rome,
specifically Mancini Square (Italy). A numerical model was created
using the ENVI_met program in order to assess the impact of the
mitigation options in terms of a decrease in air temperature [58].
Data on the relative humidity and air temperature were gathered
in order to set the boundary conditions and calibrate the numerical
model.
2. Materials and methods

2.1. Methodology

The examination of the chosen region is the basis of this study,
which aims to assess the efficacy of various mitigation strategies
for the impacts of urban heat islands. The stages that make up
the applicable approach are indicated in Fig. 1 and are as follows:

1. Individuation on a heavily populated metropolitan region with
minimal green spaces;

2. Selection of the more successful methods able to reduce the
outdoor air temperature of the urban area;

3. Experimental monitoring, taking into consideration the struc-
tures’ shape, albedo, and the surrounding environment’s tem-
perature, rainfall, relative humidity, solar radiation, and wind
speed;

4. Numerical modelling generation and calibration using
ENVI_met;

5. Analysis of mitigation strategies using numerical simulation
with a comparison of improvement scenario and actual urban
area situation. Comparisons were analysed through the air tem-
perature spatial variation during the hour of 6am, 1 pm and
6 pm, and analysis on the air temperature variation during
the whole day of simulation were performed into three differ-
ent points: one very close to the objected retrofit area; the sec-
ondo is related to a point in the middle of the retrofit area; a last
one placed in an area far from the requalified site.

2.2. Case study

This work uses Mancini Square in Rome as its case study. Rome
shows a Mediterranean climate with temperate winter and hot
summer, with temperatures ranging from 0 to 36. Rome has
1415 degree-days that represent the sum of the days of a conven-
tional annual heating period (from 1st November to 15th April),
considering the days with a positive difference between the indoor
air temperature fixed at 20 �C and the outdoor one.

The study area is made up of broad asphalt zones that are used
as walkways and pavement. Additionally, the examined Mancini
Square contains low trees that don’t offer enough shade. The effi-



Fig. 1. Flowchart of the methodology.
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cacy of the mitigating measures is amplified in this area due to the
high population density. Fig. 3a shows an aerial view of the Flami-
nio district simulated area as well as the Mancini and Carracci
squares and the position of the weather station that recorded the
air’s temperature and relative humidity. This area is close to both
the Tiber River and the center of Rome. Mancini Square is situated
in latitude 41�55051.100N and longitude 12�27051.900E and has a sur-
face area of approximately 6000 m2. Between the city’s centre and
its northern edge is where the study area is situated. In specifically,
the analysed region is 4.6 km from the city centre and 6 km from
the city’s edge.

The Flaminio district is made up of intensive construction build-
ings and small buildings. The area was built starting from 1909
with industrial settlements and public buildings. During the war
years, the military barracks complex was wedged into this area.
The first residential buildings were built after the end of the Sec-
ond World War. Mainly the buildings have characteristics typical
of the construction typologies of the 1950 s. In particular, the
buildings built on Viale Pinturicchio which runs alongside Mancini
Square were built around 1960 [59]. The typical stratigraphy cov-
ering the construction period of 1900–1950 is characterized by
bricks plastered on both sides with a total thickness of 0.60 m [60].
2.3. Mitigation strategies

The best practices used in other case studies in the literature
were followed when choosing the mitigation techniques, however
those that could not be used due to urban limits were not taken
into consideration. The following are the ones chosen for this
study:

1. The use of cool pavements with high albedo and permeability
values, with an albedo of 0.50;

2. The use of grass pavers rather than conventional asphalt;
3. The expansion of vegetation with species comparable to those

currently present;
4. The addition of a projecting roof for shade in Mancini Square.

In reality, there are frequently more pavements than green
spaces in cities, and asphalt in particular is one of the key contrib-
utors to the rise of the urban heat island. Given that the reflecting
performance is better than that of the commonly used asphalt,
asphalts with high albedo led to a lighting savings at night.

Because cool pavements have superior reflecting and perme-
ability qualities than conventional asphalt, they can be utilized to
lower the pavement’s solar absorption. Grass pavers can be used
as cool materials despite the traditional mitigation technique of
using ordinary cool pavements. The permeability and evapotran-
spiration effects of these porous pavements, which are constructed
of cool, solar-reflective materials blocks with an alternate layer of
grass, are increased.
3

The shading projecting roof can reduces the amount of solar
radiation absorbed by the asphalt with a consequent reduction of
the air temperature near the intervention.

Among the aforementioned mitigating strategies, ‘‘water mir-
rors” include placing water sources inside the square to enhance
the cooling effects brought on by water evaporation. Additionally,
the existence of these water reflectors reduces the overall quantity
of solar energy that Mancini Square’s asphalt absorbs.

2.4. Experimental campaign

Two weather stations were put in at Carracci Square and Man-
cini Square to get the most accurate model (see Fig. 2). The data
collected by the weather station installed at Mancini Square served
as the calibration data for the numerical model.

A pluviometer, anemometer, temperature, humidity, and other
weather sensors are all included in the Davis Vantage Vue weather
station. Main characteristics of the sensors are:

� Rain rate with resolution of 0.0100 per tip or 0.01 mm with a
range from 0 to 3000/h (0 to 762 mm/h) and an accuracy of
±5 % under 1000/h;

� Wind speed resolution 0.5 m/s with a range from 0 to 89 m/s
and an accuracy of ±1 m/s or ±5 % whichever is greater;

� Wind direction resolution of 1� with a range from 1 to 360� and
an accuracy of ±3�;

� Inside air temperature resolution of 0.1 �C with a range from
0 �C to 60 �C and an accuracy of ±0.3 �C;

� Outside air temperature resolution of 0.1 �C with a range from
�40 �C to 65 �C and an accuracy of ±0.5 �C above �7�C and
±1 �C under �7�C;

� Humidity resolution of 1 % with a range from 1 to 100 % and an
accuracy of ±2 %.

The portable Spechtrophotometer CM-2600d Konica Minolta
was utilized for the experimental study of pavement and wall sur-
faces. Measurements were carried out to analyse the various beha-
viours of the materials while taking into consideration various
colour combinations and roughness values. Main characteristics
of the instrument are:

� Diffused illumination at 8-degree viewing angle;
� Integrating sphere diameter of 52 mm;
� Wavelength range from 360 nm to 740 nm;
� Wavelength pitch 10 nm;
� Reflectance range from 0 to 175 %;
� Resolution of 0.01 %.

In 2021, the weather stations were put in place. To gather data
under various weather circumstances, data were specifically col-
lected from July 21 to August 2. It was possible to observe that
the weather station in Carracci Square is less exposed to the sun
that the one in Mancini Square, and one day during which the data



Fig. 2. Installation of the weather stations at Carracci Square (a) and Mancini Square (b).
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are similar will be chosen for the calibration of the numerical
model.

2.5. Numerical model setup

The numerical model was made using the ENVI_met tool ver-
sion 4, which is based on the SVAT model (Soil, Vegetation and
Atmosphere Transfer). With the help of this application, it is possi-
ble to simulate the microclimate of an urban area while accounting
for all soil, atmospheric, and integration-related activities as well
as those related to surfaces, vegetation, water features, and pollu-
tion sources. Fig. 3b displays the geometrical features and the
accompanying numerical model.
Fig. 3. Comparison between the aerial view a) and the ENVI_met model b) of the simulate
squares are shown.

4

The numerical simulations were run for a total of 30 h, begin-
ning at 6p.m. on July 21, 2021, and finishing at 12 a.m. on July
22, 2021. The findings are relevant to July 22, 2021, when greater
air temperatures were noted. Experimental data from Carracci
square were used as the forced air temperature and humidity to
the boundary of the numerical model due to its position on the
numerical domain boundary. Average wind speed and wind direc-
tion of the day in Carracci weather station were used in the model.

A quadrilateral grid imposed by ENVI met discretizes the
domain. Due to the domain’s size (a square area of 624 m on each
side), it was important to strike a compromise between the simu-
lation’s quality and the turnaround time for the results [35,49]. The
d domain. ENVI_met. Positions of the weather stations and the Mancini and Carracci
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grid has 156(x) � 156(y) � 30(z) cells, a grid size of 4 m, and a dis-
cretization of time of 10 s.

Buildings are located near to the created model’s limits, thus its
grid points cannot respond to outside forces the same way they do
inside the model. This calls for the addition of 5 nested grids to the
model.

Several atmospheric quantities are needed to run the numerical
model in ENVI-met. The input values used in this study are
reported in Table 1.
3. Results and discussions

3.1. Experimental results

The experimental campaign was done during the period from
21st July to 3rd August 2021 monitoring the microclimatic condi-
tions such as air temperature and relative humidity. The results are
shown in Figs. 4 and 5.

As shown in the trend measurement of Figs. 4 and 5, it is evi-
dent the heat waves happened in that period. In fact, considering
the data from Mancini square weather station (see Fig. 3a), the
air temperature data rise from a minimum of 19.9 �C recorded dur-
ing the early hours of the day (about 5 am) up to a maximum of
39.3 �C recorded during the hottest hours of the day (about
1 pm). During the experimental campaign the average air temper-
ature was 29.0 �C.

Regarding Carracci square weather station (see Fig. 3a), the air
temperature recorded was from 21.1 �C to 37.7 �C with an average
value of 29.2 �C. It is possible to notice that there is a warmer con-
dition inside the Mancini square that justify its choice as the case
study for the present paper. Data from Carracci square were used
as the forced air temperature to the boundary of the numerical
model.

About the relative humidity, it was possible to notice that val-
ues recorded vary from 17 % to 93 % with an average value of
53.5 % for Mancini square, while values are from 17 % to 89 % with
an average value of 51.6 % for Carracci square. The variability of the
relative humidity is very stressed due to the proximity of the Tiber
River. These values bring to the attention that there is the possibil-
ity to have different thermal comfort conditions that need to be
investigated in order to choose the appropriate mitigation tech-
niques that can reduce the air temperature and control the relative
humidity in order to bring a better thermal comfort situation.

3.2. Numerical model calibration

Calibrating the findings is the first stage in the numerical model
implementation process. In particular, comparisons were made
between the simulated and actual air temperatures and relative
humidity.
Table 1
Input parameters in the numerical analysis.

Parameter Value

Air temperature at 2 m (K) forced
Relative humidity at 2 m (%) forced
Daily average wind speed (m/s) 1.26
Daily average wind direction (�) 35 (North-East)
Specific humidity at 2500 m (gwater vapor/kgair) 7
Roughness length at measurement site (m) 0.01
Albedo of building walls and roofs (–) Range from 0.30 to 0.89
Albedo of soil (–) 0.38
Albedo of pavements (–) 0.11
Start simulation at day 21/07/2021
Start simulation at time 6 pm
Total simulation time in hours (h) 30

5

The calibration process is assessing the relative inaccuracy of
simulated and measured data where the weather station of Man-
cini Square was installed, simulation after simulation. The numer-
ical model’s input variables for the air temperature and relative
humidity were meticulously revised for each simulation in order
to reduce this mistake. In particular, the calibration consists of
checking, simulation after simulation, the relative error of simu-
lated and measured data where the weather station was installed.
In each simulation, to minimize this error, it was corrected point by
point the forced input data of the numerical model related to the
air temperature and relative humidity.

Two statistical indices were used to evaluate the variation
between the experimental and simulated data. The quantitative
indicators [51] used in this work are, taking into account the
model-predicted Pj and observed variables Oj at each instant j,
and the amount of examined data ND, respectively:

� The Mean Bias Error (MBE) reveals if the model values are more
than or lower than the actual data. This indicator does not work
well when predicted values are alternately exceeded and under-
estimated since they set off against one another.

MBE ¼
PND

j¼1 Pj � Oj
� �

ND
ð1Þ

� Mean Absolute Error (MAE), which accounts for the absolute
difference between predicted and actual data, is comparable
to the MBE indicator. Therefore, when the anticipated values
fluctuate between being overestimated and underestimated,
this indicator is useful.

MAE ¼
PND

j¼1 Pj � Oj

�� ��

ND
ð2Þ

The MBE and MAE errors were calculated regarding the air tem-
perature for each simulation, as a consequence of the iterative cal-
ibration technique mentioned above. A MAE value of 0.29 with a
standard deviation of 0.39 and an MBE value of 0.06 with a stan-
dard deviation of 0.26 were obtained by the calibrated model.
The deviation between the simulated and the measured data range
from �0.45 to 0.98 �C, that correspond to a percentage deviation
from �1.83 % to 3.44 % with a mean value of 0.14 %.

3.3. Numerical models of mitigation strategies

Numerical simulations were run in order to combine compati-
ble mitigation strategies and create the most effective heat island
mitigation scenario in order to assess the efficacy of urban heat
island mitigation measures.

Particularly, a variety of mitigating techniques were used inside
Mancini Square (see Fig. 3a) and configurations are shown in Fig. 6.

The analysed original scenario without any mitigation tech-
niques is named Scenario 1. In this case wide asphalt zones are
employed as sidewalks and pavement. Additionally, there are low
trees that do not provide enough shade inside Mancini Square. Fur-
thermore, in the proximity of the square there is an high traffic
road and two parking area characterized by few trees.

Scenario 2 is related to the introduction of cool materials inside
the square. In particular, it was used a cool pavement with an
albedo equal to 0.5. As shown in Fig. 6, the intervention area is
highlighted with the dotted red line and correspond to the whole
square.

The adoption of a grass pavers as the pavement of the square is
related to the Scenario 3. This case has the same configuration of



Fig. 4. Air temperature trend during the measurement campaign between 21st July to 3rd August 2021.

Fig. 5. Relative humidity trend during the measurement campaign between 21st July to 3rd August 2021.
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the standard Scenario 1 with only the use of different type of
pavements.

The improvement of the vegetation is considered in the Sce-
nario 4. In particular, medium and tall trees and grass have been
added in the centre of the square. Furthermore, it was improved
the amount of trees in the park adjacent to the square as shown
inside the red dotted line of Fig. 6.

Finally, in Scenario 5 a shading projecting roof was used as a
mitigation techniques, as shown in Fig. 6. This case has the same
configuration of the standard Scenario 1 with only the introduction
of a shading projecting roof in the centre of the square.
3.4. Air temperature spatial variation

The air temperature spatial variations are shown in Fig. 7 at 6
am, 1 pm and 6 pm at 1.75 m above the ground, which is about
where people usually stand. As a matter of fact, Cacciari et al.
[61,62] finds in 2004 that the mean body height of Italian people
is 1.776 m that near the value of 1.75 chosen in the present work
due to the vertical discretization of the numerical model. Fig. 7
shows the outcomes of the mitigation plan strategies used in sce-
narios 2, 3, 4, and 5, which are all connected to scenario 1 and
depict the area’s real circumstances.

Taking into account the outcomes at the Mancini Square’s cen-
tre, in Table 2 are shown the results for the different scenario. Con-
sidering the maximum air temperature decrease, a 0.88 �C drop is
achieved by using cool material at 1 pm. When a grass paver is
6

used, this decrease can reach 2.11 �C at 1 pm. This is a result of
the benefits of mixing the cool pavement block material with the
evapotranspiration impact of the grass.

The Scenario 4 vegetation improvement results in a 0.82 �C
maximum drop in air temperature at 6 pm. This value is lower than
the installation of grass pavers in Scenario 3 (when vegetation like
grass is used), as the vegetation in Scenario 4 is only present in the
centre of the square, as opposed to Scenario 3, where the entire
square is subject to the mitigation method.

The square’s projecting shade roof can reduce air temperature
by up to 1.61 �C at 1 pm, but it’s important to note that this benefit
is limited to the space directly beneath the roof. Due to the original
asphalt’s poor reflectivity, the air temperature outside this region
is greater.

It is possible to notice that there is a maximum air temperature
decrease in the wormer hour of the day, while for the improvement
vegetation scenario the maximum effect is during the afternoon.
Furthermore, results in Table 2 shows that with the vegetation is
possible to have a more constant air temperature decrease despite
the other scenarios that have picks during the hottest hour of the
day.
3.5. Time variation of air temperature

The effects of the various mitigation strategies were examined
by comparing the estimated data in the three different locations
in the simulation domain shown in Fig. 8a.



Fig. 6. Numerical model used for the mitigation scenarios.

G. Battista, E. de Lieto Vollaro, Paweł Ocłoń et al. Energy & Buildings 282 (2023) 112809
The air temperature variations determined in three places (des-
ignated receptors R1, R2, and R3) at a height of 1.75 m above the
ground are displayed in Fig. 8b, c, and d during various hours of
the day. The receptor R1 is located very near to Mancini Square,
the receptor R2 is connected to a location in the centre of the
square, and the receptor R3 is located distant from Mancini
Square’s requalified area in the street that borders the square.

One can see that the impacts of the various mitigation strategies
are minimal outside of the square. In fact, the whole trend in
Fig. 8d, which relates to the R3 receptor, exhibits a temperature
differential that is almost nil in comparison to the initial situation
(Scenario 1).

It is feasible to corroborate the findings previously covered in
paragraph 3.2 by taking into account the addition of a shade pro-
jecting roof in the square’s centre. In fact, when comparing the
findings at points R1 and R2 (see Fig. 8b and c), it is only at point
R2, where the point is located at the same location as the installa-
tion of the projecting roof, that the trend is consistently negative
throughout the day.
7

It has been established that the mitigation scenario including
grass pavers results in a greater drop in air temperature with more
benefits than the usage of cool materials. Additionally, the R2 loca-
tion has more favourable impacts than the R1 location since the
centre of the square has a higher concentration of asphalt compo-
nents than the area considered for receptor R1.

It is possible to perceive a more significant drop in air temper-
ature close to the enhanced vegetation area due to the medium and
tall trees and grass planted in the centre of the square. However, as
evidenced by the results of receptor R1, the addition of flora inside
the square can lower the air temperature close by. Due to the
replacement of an asphalt part of the square with vegetation, the
air temperature differential in R1 also has a negative value at all
times of the day.

The use of grass pavers in Scenario 3 (�1.35 �C), the use of a
shading projecting roof in Scenario 5 (�0.85 �C), the improvement
of vegetation in Scenario 4 (�0.60 �C), and the installation of cool
materials in Scenario 2 (�0.39 �C) are the more effective tech-
niques, according to results in the middle of the square (data from
receptor R2 of Fig. 8c).



Fig. 7. Scenarios 1, 2, 3, 4 and 5: simulation of air temperature at 6am, 1 pm and 6 pm at an altitude of 1.75 m.
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Table 2
Air temperature difference from standard case (Scenario 1) and the
mitigation technique adopted at the Mancini Square’s centre.

Time Scenario 2 Scenario 3 Scenario 4 Scenario 5

6 am �0.01 �0.57 �0.25 �0.05
1 pm �0.88 �2.11 �0.72 �1.61
6 pm �0.44 �1.52 �0.82 �1.42

Fig. 8. Comparison of the Scenarios 2, 3, 4, 5 and the actual situation (Scenario 1) in terms of air temperature difference at an altitude of 1.75 m considering Scenario 1 as
reference. The points of evaluation are shown in (a) while results are shown in (b), (c) and (d).
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4. Conclusions

Numerous studies were conducted in many regions, including
Italy, to evaluate urban overheating and appropriate mitigating
measures. In this study, the focus was on an area inside Rome that
is distinguished by a high density. Preliminary measurements in
the chosen zone to be utilised for calibrated simulation were car-
ried out in recognition of the limits of software in modelling com-
plex objects as cities or parts of them. Additionally, measurements
made on-site allowed for the determination of the albedo of the
9

built materials, as well as the features of the current vegetation
and the climatic conditions during the hottest period of the year.

In this study, many technical methods for improving the micro-
climate in a densely populated Roman neighbourhood were looked
at. A numerical model was created using the ENVI met tool to
assess the impact of the mitigation options in terms of a decrease
in air temperature. Experimental data on the air temperature and
relative humidity were gathered to set the boundary conditions
and calibrate the numerical model.

After examining the outcomes of the treatments, it has been
shown that altering the pavement’s albedo means improving the
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circumstances related to thermal stress, with the use of grass
pavers proving to be the most advantageous. Additionally, the
increased vegetation inside Mancini Square may result in a
decrease in air temperature throughout the day for both regions
inside and relatively adjacent to the square.

The climatic conditions are significantly locally impacted by the
shade canopy, albeit this impact lessens as individuals move out of
the shadows.

With interventions that may lower the air temperature up to
2.5 �C in the centre of the square and up to 1 �C in places that
are very close to the square, the chosen heat island mitigation
approaches make it feasible to lower the air temperatures at street
level during the warmest part of the day.

Thus, the study offers insight into possible mitigation in a
highly populated metropolitan area in the Mediterranean while
also demonstrating that objectives and priorities must be clearly
defined so that the best mitigation strategies may be used for the
particular project. Future development of the present study is to
analyse the effects of the mitigation strategies on the outdoor ther-
mal comfort conditions.
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