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Abstract: Dense urban areas are facing relevant issues related to their high vulnerability to the impacts
of climate change and ecosystem health. The study presents a case study of a regeneration project
with Nature-based Solutions in the city of Genoa (Italy) and, more specifically, in a neighbourhood
characterised by relevant health and well-being issues. The performances of three design scenarios
for a city hotspot, including plant species selected with a systemic approach and light pavements,
are analysed in terms of improved microclimate by means of the ENVI-met software V4.4.5. The
results show different benefits on the microclimate compared to the current state depending on the
different scenarios: A UTCI decrease from 4.1 ◦C to 5.4 ◦C, a reduction of mean radiant temperature
from 12.3 ◦C to 17.3 ◦C, a relative humidity increase from 3.8% to 5.6%, and a progressive decrease in
wind speed are detected in a directly proportional way to the gradual increase in greenery inside
the scenarios. In reverse, better results for air temperatures are detected for the scenario with less
greening (∆t = 1.8 ◦C). The study relies on the re-parametrisation of plant species characteristics in
the ENVI-met database to reach a high level of accuracy.

Keywords: Envi-MET; Urban Heat Island; thermal comfort; plant characteristics; ecosystem function;
ecosystem services

1. Introduction

Most cities are currently facing significant social, health, environmental, and economic
challenges. Today, over two-thirds of the EU’s population live in urban areas, with a 80% of
total energy use and over 70% of global CO2 emissions [1,2]. Today’s cities are characterised
by a built and cemented area [3], which causes the degradation or disappearance of the
pre-existing native green areas [4] and leads to the high vulnerability of cities to climate
change effects, such as extreme weather events (heat waves, hurricanes and floods, sea
level rise) [5,6].

Epidemiological studies carried out for some Italian cities (including the metropolitan
city of Genoa) show a close correlation between UHI (Urban Heat Island) and mortality
among the most vulnerable groups of the population (elderly, children, people with multi-
morbidity) [7–10], with a clear difference among the areas/districts of the city characterised
by socio-economic inequalities [11–13]. The Italian National Heat Health Plan, the objective
of which is to draft guidelines for the creation of a forecasting and prevention system for
the effects of heat on health [14], plays a significant role in facing these issues [15].

The Heat Health Plan highlights importance of greenery within the urban fabric as
a means to prevent chronic diseases such as diabetes, cardiovascular disease, and mental
disorders [16–18].
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Nature-based solutions (NbS)—i.e., solutions inspired by, continuously supported by,
and using nature, designed to address various societal challenges in a resource-efficient
and adaptable manner and to provide simultaneously economic, social, and environmental
benefits [19]—inside the urban fabric can represent an important strategy to mitigate the
effects of climate change and to improve urban environmental conditions (e.g., decrease in
stormwater run-off, air quality improvement, increase in biodiversity) [20–22]. NbS can
protect, sustainably manage, and restore natural or modified ecosystems, effectively and
adaptively addressing societal challenges and simultaneously providing human well-being
and biodiversity benefits [23,24]. NbS also need to be strategically distributed within the
built environment to contribute to the creation of an ecological network [3].

The plant component of NbS provides a variety of ecosystem services—for instance,
climate regulation by transpiration (i.e., release as vapour at the leaf level of the of water
absorbed by roots), evaporation, shading, filtering of direct sunlight [25], control of air flows,
and reduction of wind speed [26]; improvement of air quality through the sequestration of
fine dust (e.g., PM2.5 and PM10) and gaseous air pollutants [27]; rainwater management as
flood contrast [28]; and reduction of noise level [27]; biodiversity increase through the use
of native species, the removal of invasive ones, and the choice of entomophilous species
that ensure an increase in pollination [29].

The use of the plant component in urban areas can, however, be associated with
ecosystem disservices: infrastructure damage, plant allergies or poisoning, spread of
diseases, biogenic volatile organic compound emission, unpleasant odours, vision and
traffic obstruction caused by trees, and invasive species [30,31]. Moreover, different stressful
microenvironments within urban areas can affect plant life [32,33], altering trees’ natural
defences in the long term and reducing carbohydrate reserves in the short term. In addition,
complementary factors (e.g., phytopathogenic insects or fungi) may opportunistically
invade the plant and eventually lead to its death [4].

Several studies also underline the importance of using high albedo coating mate-
rials to improve microclimatic conditions of urban environments [34,35], which allow
light/reflective surfaces to store less heat than the darkest ones (e.g., dark asphalt) [36–38]
and reduce the peak surface temperature by up to 20 ◦C [39].

In order to study the potential benefits on urban microclimate of NbS and light/reflecting
surfaces, a widely used approach is to run simulations using the ENVI-met software [40].
Validations of the accuracy of the model results have been widely shown by several previous
studies [41–44]. However, most of the microclimate studies carried out with ENVI-met have
focused on wide urban areas [45–48] or on urban street canyons [38,49,50], whereas microscale
studies are less frequent [51].

The ENVI-met V4.4.5 software allows models to be built with simple plants and
3D-plants. Simple plants essentially consist of simplified vegetation models, defined by
plant height, 10-layer LAD, and 10-layer RAD [52]. 3D plants are digitized by the plant
editing tool Albero, capable of digitising complex plant models (e.g., trees) using groups of
cells with a LAD and a RAD [53]. In ENVI-met V4 and later versions, the 3D modelling
of a plant requires more detailed data on the physical features compared to the previous
version V3, which used simple vertical structures, similar to simple plants [41]. However,
the software plant database of V4.4.5 lists only the most common plants—specifically,
trees—and the plant properties partly match real data (e.g., crown dimension, total height,
kind of foliage, seasonality) [54,55]; therefore, further research is needed increase the
accuracy of simulations to evaluate the effects of NbS to identify effective strategies to
improve citizen health and cities’ ecological functions.

Aims

The aim of the study is to evaluate the microclimatic effects of Nature-based Solutions
on a dense city in the Mediterranean area and to optimise the ecosystem services provision
by means of a targeted selection of plant species.
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The study focuses on a microscale case study in order to fill the literature gap (i.e., few
studies on such a scale). A methodology to increase the accuracy of simulations, taking
into account the right plant dimensions and related performances, is also developed and
tested as means to evaluate the effects of NbS at a small scale.

The main objectives of the study can be summarised as follows:

• Evaluate the effects of different plant species and their arrangement to quantify,
through simulations, the beneficial effects of greening and other technical solutions
to counteract the UHI and maximise the ecosystem functions and the ecosystem
services provision.

• Quantify the potential microclimatic benefits of NbS in a small but critical and densely
populated urban area, comparing different design scenarios.

• Model the selected plant species with a high level of accuracy in terms of canopy
shape, plant dimensions, and ecology.

• Define the most effective strategy for the draft of a final design for a pilot redevelop-
ment project.

2. Materials and Methods

The study evaluated the microclimatic effects of Nature-based Solutions in a case
study in the city of Genoa (site characteristics in Section 2.1). Criteria for plant species
selection are outlined in Section 2.2 and three different design scenarios are presented in
Section 2.3. All scenarios were analysed by means of a microclimatic model (described
in Section 2.4), in terms of environmental parameters, plant species parametrisation, and
data analysis.

2.1. Study Site

Genoa is a densely built and populated city, with a mix of residential and industrial
areas; most of the municipalities are coastal and are characterised by industrial and/or
maritime activities [56]. Genoa presents an average annual population of approximately
591,000 people (in 2009–2020) on a surface of 240.29 km2 and a population density of
2484.3 inhabitants/km2 [12,57], of which 28.9% is composed of vulnerable people over 65,
with an average age of 49.3 years [58].

Morabito et al., 2015 mapped the HERI (Heat-related Elderly Risk Index) in the
summer period for some of the main Italian cities, including Genoa, identifying the urban
area of Genoa Cornigliano (Municipio VI) as the one with the most dangerous HERI level
compared to the rest of the city [10]. In addition, Contiero et al. 2021 [12] identified
Cornigliano as the district with the highest SMRs (standardised mortality ratios) of Genoa,
with an overall increase in SDRs (standardised death rates) of 24.5% for the entire city
between 2019 and 2020 [12].

Based on these results, [59] examined the microclimatic characteristics of some specific
areas of the Cornigliano district with the aid of the ENVI-met software V4.4.5. the results
highlighted various critical issues for a hot summer day (Figure 1) in terms of air tempera-
ture (1 August 2020, 2:00 p.m., Tair = 31.5 ◦C), mean radiant temperature (1 August 2020,
2:00 p.m., Tmr = 65 ◦C), and UTCI (Universal Thermal Climate Index), which presented
peaks of over 41 ◦C in the hottest hours [59].

Considering microclimate and HERI data collected, and the preferences reported by
the Municipality of Genoa, a specific area in the Cornigliano district was selected for a
pilot redevelopment project. The project site (Figure 2), corresponding to Piazza Pietro
Metastasio (44◦24′49.80′ ′ N 8◦52′17.26′ ′ E), is located in a densely built area closed to a
factory (this latter is bordered by residential buildings, around 20 m in height) with a dark
asphalt coating and is currently used as parking.
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2.2. Criteria for Plant Selection

As regards the selection of plant species for planting at the pilot site, a checklist of
criteria was prepared considering the ecosystem services provided and the urban context,
with attention to the mitigation of the heat island effect (Table 1).
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Table 1. Selection criteria for plant species.

Requirement Description

Resistance to drought *
Herbaceous, shrubby, and arboreal plants to

reduce water consumption adapted to
conditions of aridity and lack of water.

Resistance to pathogens **
Herbaceous, shrubby, and tree species resistant
to diseases and pests, resulting in a reduction

in the use of plant pesticides.

Resistance to pollutants High resistance to water, soil, and air
pollutants by roots and shoots.

Resistance to soil stress **
Plants that can tolerate stress factors in urban
environments (scarcity and poor soil quality,

soil compaction).

Climate coherence *
Consistent with the climatic zone of planting

(evergreen species of Mediterranean scrub
or similar).

Deciduous/evergreen species

To promote the sequestration of pollutants
even during winter and constant shade
(pollutant sequestration) even during

winter (30–50%).

Entomophilous reproductive strategy *

Herbaceous, shrubby, and arboreal species to
promote pollination by insects and nutrient
species on which pollinators may feed, thus

increasing the biodiversity.
Maintenance Low maintenance requirements after planting.

Ecosystem disservices *,**

Herbaceous, shrubby, and arboreal species that
do not present allergenic, toxic, stinging

properties or species that are densely thorny or
have a high tendency to dirty.

* key requirements obtained from [60]; ** key requirements obtained from [61].

Other key aspects to be considered for the plant species choice are a stratification of
vegetation to achieve a large amount of planned and associated biodiversity [62] and a
benefit in terms of microclimate mitigation [63]; an appropriate number of arboreal, shrubby,
and herbaceous species, avoiding both monospecificity and excessive diversity [61]; and
the use of indigenous species to prevent the spread of invasive alien species [64,65].

In addition, a monitoring of the green areas surrounding the pilot site was carried
out to identify the species used in the existing green areas. To maximise connectivity, a
list of autochthonous species within the pilot site, consistent with the climate context, was
drawn up.

The characteristic and properties of the selected species to set up the ENVI-MET
simulations were collected, specifically regarding shape and size. In accordance with local
data, several plant parameters were checked and modified to obtain a more realistic shape
and performance. In general, it is assumed that in such an environment the plants will be
different in size and shape from the best possible conditions of rearing mainly due to the
influence of air pollution, which with the action of PM10 seems to reduce the growth rate of
trees [66].

2.3. Design Scenarios

Three scenarios were designed and analysed (Table 2). They were schematically based
on the progressive increase in the percentage of biomass and high albedo pavements within
the investigated area. Furthermore, the quantity of biomass of the selected plant species
and the size of the tree species crowns were important elements for their application within
the scenarios (e.g., tree species with smaller crowns were included in scenario 1, species
with wider crowns in scenario 3).
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Table 2. Different design scenarios.

Scenario 1 Scenario 2 Scenario 3

Layout plan
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The material chosen for the ground was light concrete pavement, which has an albedo
coefficient 0.8 and emissivity 0.9 (reported values in the data sheet of the material on
ENVI-met). The use of this pavement material in the different scenarios is shown in Table 2.

2.4. Microclimatic Model
2.4.1. Model Dimensions

The dimensions of the simulated scenarios were approximately 120 × 120 m, with
project site dimensions (i.e., Pietro Metastasio square) of 30 × 50 m. A grid of cells with
dimensions 120 × 120 × 40 (height), with the size of the grid cells 2.00 × 2.00 m, was
therefore set on the ENVI-met Spaces module for the simulations.

2.4.2. Environmental Parameters

All weather and climate data used for the simulations were collected from the Meteo-
rological Historical Observatory of the University of Genoa (44◦24′53.37′ ′ N 8◦55′35.99′ ′ E)
for the years 2002–2020. All hourly data of temperature (min, max, mean), rain (cumula-
tive), wind (direction, speed min, max, mean gusts), humidity (min, max, mean), pressure
(min, max, mean), instant solar radiation (min, max, mean), and integral solar radiation
(min, max, mean) were extracted from the weather database. To provide input data for
the ENVI-met software, all the days exceeding the 95th percentile of mean temperature in
the last 20 years were first selected, and then the hottest day among these were picked to
simulate the worst possible scenarios.

The hottest day, selected as input data for the microclimatic model, was 5 August 2003
(Table 3), and specifically, the range of 13:00–15:00 h (i.e., the hours with the greatest direct
solar radiation on surfaces) was considered for the microclimate simulations in ENVI-met.
Regarding the choice of summer 2003, an excess of mortality for elderly persons (>74 years)
in the city of Genoa for the period of July–August 2003 was reported, with the greatest
correlation between the number of observed deaths, causes of death, and the maximum
temperature values [9]. In addition, for the Central–Western European areas, for August
2003, studies showed an increase in UTCI (Universal Thermal Climate Index) values up
to 10 ◦C above the seasonal average and heat stress up to 2 categories above the seasonal
average [67].

Table 3. Meteorological data from 5 August 2003.

Time AT (◦C) RH (%) WS (m/s) WD

00:00 30.8 44 1.7 20
1:00 31.3 40 1.9 51
2:00 31 39 0.7 350
3:00 30.9 39 0.9 359
4:00 30 43 0.9 306
5:00 29.5 44 0.9 3
6:00 29.4 43 0.9 34
7:00 29.7 43 0.7 6
8:00 31.1 39 0.4 152
9:00 32.1 36 0.8 213

10:00 32.4 35 1.3 225
11:00 31.1 44 1.4 220
12:00 31.9 41 1.6 224
13:00 32.8 35 1.7 223
14:00 33.1 39 1.9 219
15:00 33.5 36 2.4 226
16:00 34.2 27 2.7 225
17:00 34 26 2.5 222
18:00 33.6 27 2.4 222
19:00 32.8 29 1.1 234
20:00 32.7 29 0.6 20
21:00 32 29 1.3 35
22:00 31.7 29 1.1 355
23:00 31.1 30 0.9 36

AT: air temperature; RH: relative humidity; Ws: wind speed; WD: wind direction.
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To carry out a microclimatic survey able to accurately simulate the meteorological
conditions regarding the different scenarios and the relative comfort and discomfort thermal
conditions, a series of parameters were extracted from each simulation and compared with
each other: air temperature, mean radiant temperatures, relative humidity, wind speed, and
the UTCI. In particular, the thermal comfort was evaluated through the UTCI parameter
(Universal Thermal Comfort Index), as suggested by EU COST Action 730 [59,68]. The UTCI
is a bioclimatic index that considers the relationships between meteorological conditions
such as air temperature, mean radiant temperature, air relative humidity, wind speed,
and water vapour pressure to represent the thermal stress induced by them on the human
body [67].

2.4.3. Plant Species Parametrisation

ENVI-met V4.4.5 takes into account shading and evapotranspiration to evaluate the
effect of vegetation on different microclimatic parameters. The plant species (i.e., trees,
shrubs) available in the ENVI-met database (accessed in September 2021) often showed
clear differences compared to the characteristics of the species in most of the nursery
catalogues [69] (e.g., differences related to the overestimated size, seasonality, leaf type).
The database does not include some of the selected species for simulations, especially shrub
and herbaceous species (e.g., Cistus monspeliensis L., Phillyrea angustifolia L., Festuca glauca
Blaufuchs, Salvia leucantha “Waverly” Cav.), and part of the data stored, with regard to the
tree component, are not coherent with the characteristics (e.g., evergreen or deciduous) and
dimensions of the plants [69].

Considering these issues, the database was expanded by inserting all the species
selected for the simulations, with the related data collected from the nursery sheets [69]. In
terms of plant dimensions, the standard dimensions registered in the database correspond
to the maximum dimensions reachable by the species in its natural environment; however,
reaching those dimensions is difficult in urban areas due to the stresses to which it is
subjected (e.g., pollution, excessive heat, lack of sufficient ground space; see an example of
comparison between existing and new species in Table 4).

Table 4. Examples of trees’ reparameterization in ENVI-met V4.4.5 (‘Albero’ component).

ENVI-Met Existing Database New Project Database
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A comparison test for scenario 3 (i.e., maximum greening) was performed a priori (on
5 August 2003, 13:00 h) to verify the gap between the outputs of the simulations with the
ENVI-met default plant species and the re-parametrised and/or newly inserted species.

2.4.4. Data Analysis

The statistical analyses were performed with Statistica 8.0 (Statsoft Inc., Tulsa, OK,
USA) software.

One-way ANOVA with Tukey post-hoc test was performed to evaluate significant
differences among the thermal comfort parameters in the three greening scenarios, using
p < 0.05 as statistically significant. Data are presented as average ± standard deviation.

Pearson’s correlations between thermal comfort variables and plant coverage within the
three scenarios of simulation were analysed using p < 0.05 to indicate statistical significance.

3. Results and Discussion

Table 5 reports the first list of the plant species, following the criteria highlighted in
Table 1. Among them, only the ones that matched most of the criteria were included in the
scenarios (and therefore inserted in the ENVI-met user database) as the best ones in terms
of the required characteristics.

Specifically, Cercis siliquastrum L. was included in the first two scenarios. It is a
deciduous species widely used in urban environments. Jacaranda mimosifolia D. Don.
(scenario 3) is an exotic, allochthonous, non-invasive species largely used in urban green
areas and allowed by local regulations [60].

As for the shrub component, greater importance was given to the choice of species
with a strong rusticity and adaptability to various stress conditions, as well as to the choice
of an evergreen species that can ensure shading and sequestration of pollutants in winter,
when trees lose their leaves. The selected species used for scenario 3 is typical of the local
flora, of Mediterranean character, such as Cistus monspeliensis L., Phillyrea angustifolia L.,
Pistacia lentiscus L., and Viburnum tinus L. The herbaceous layer, to support connectivity
and maximise ecosystem services, can be obtained by the presence of a herbaceous layer
with a continuous cover of wildflowers, or by planting other herbaceous species such as
Festuca glauca Vill.

Finally, it is important to also include climbers covering vertical surfaces. Hedera helix
L. was chosen because it is consistent with the climatic context and is able to suckle the
larvae of insects as well as entomophilous pollinators.

The outputs of the microclimatic simulations showed significant differences among
the scenarios analysed. All the data were extracted at 1.4 m height except for mean radiant
temperature, which consisted of h = 0.2 m.

The air temperature analysis for Piazza Pietro Metastasio (Tables 6 and 7) showed an
overall decrease of 1.5–2 ◦C compared to the current state (t max = 34.4 ◦C). Specifically, the
data showed a significantly greater decrease for the first scenario (i.e., with less greening
and light pavements, t max = 32.6 ◦C, ∆t = 1.8 ◦C) compared to the two scenarios with
greater greening and light pavements (t max= 33.2 ◦C, ∆t = 1.2 ◦C), corresponding to the
tree crowns (Table 6). The increase in air temperature in scenarios 2 and 3 (i.e., with greater
greening) compared to scenario 1 may have been due to the lesser ventilation of the area
caused by the presence of the gradual vegetation amounts in the scenarios, which could
have reduced the wind flow [70–72].
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Table 5. Plant characteristics and selection for scenarios.

Resistance to
Drought

Resistance to
Pathogens

Resistance to
Pollutants

Resistance to
Soil Stress

Climate
Coherence Deciduous/Evergreen

Entomophilous
Reproductive

Strategy
Maintenance Ecosystem

Disservices
Selected and

Used in
Scenarios

Tree Species
Albizia julibrissin Durazz. High * High * High * Medium * No Deciduous * Yes High * No -
Ceratonia siliqua L. High * High * Medium * High * Yes Evergreen * Yes Medium * No -
Cercis siliquastrum L. High * High * Medium * Medium * Yes Deciduous * Yes Low * No 1; 2
Jacaranda mimosifolia D.Don High * High * Medium * High * No Evergreen * Yes Medium * No 3
Koelreuteria paniculata Laxm Medium * High * High * Medium * No Deciduous * Yes Medium * No -
Schinus molle L. High * High * Medium * High * No Evergreen * Yes Medium * Yes -
Shrub Species
Cistus monspeliensis L. High High High High Yes Evergreen Yes Low No 3
Teucrium fruticans L. High High High High Yes Evergreen Yes Low No -
Jacobaea maritima (L.) Pelser & Meijden High High Medium High Yes Evergreen Yes Low No -
Lavandula angustifolia L. High High High Medium Yes Evergreen Yes Low No -
Phillyrea angustifolia L. High High High High Yes Evergreen Yes Medium No 2; 3
Pistacia lentiscus L. High High High High Yes Evergreen Yes Medium No 2; 3
Polygala myrtifolia L. High High High Medium No Evergreen Yes Low No -
Salvia rosmarinus Spenn. High High High High Yes Evergreen Yes Low No -
Viburnum tinus L. High High High Medium Yes Evergreen Yes Medium No 2; 3
Herbaceous Species
Centranthus ruber (L.) DC High High High High Yes - Yes Low No -
Festuca glauca Blaufuchs High High High High No - Yes Low No 3
Salvia leucantha “Waverly” Cav. High Medium Medium Medium No - Yes Low No 2; 3
Climbers
Hedera helix L. High High High High Yes Evergreen Yes Medium No 1; 3
Hedera hibernica (G. Kirchn.) bean High High High High No Evergreen Yes Medium No -
Ficus pumila L. High High Medium Medium No Evergreen Yes Medium No -

* data obtained from [69].
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The mean radiant temperature decreased considerably corresponding to the combina-
tion of different layers of herbaceous plants, shrubs, and trees, with an evident significant
difference between scenario 1 and scenario 3 (Tables 6 and 7). I current state revealed tem-
peratures over 65.7 ◦C, instead of temperatures of 53.4 ◦C for scenario 1, corresponding to
the tree crowns (∆tT = 12.3 ◦C); of 49.4 ◦C for scenario 2, corresponding to the south herba-
ceous shrub cover (∆t = 16.3 ◦C); and of 48.4 ◦C for scenario 3, corresponding to the north
and south herbaceous shrub covers (∆t = 17.3 ◦C), in accordance with [73], who highlighted
that grass cover significantly decreases the mean radiant temperature. It is indeed known
that lawn grass can effectively reduce the overall ground surface temperature [74] and
can contribute to the decrease in air temperature thanks to the homogeneous, permeable
coverage that allows the heat exchange between soil and atmosphere. In addition, [75] also
documented a cooling ability in terms of surface temperature decrease by different plant
layers with the sequence lawn > shrubs > trees.

It is worth mentioning that our results on the shrub layer could have been affected by
the re-parametrisation of the chosen species, which could have shown missing values from
the default software database, resulting in a bias.

Relative humidity showed an increase from 39.2% for the current state up to 43.0%
(∆t = 3.8%) for scenario 1, up to 44.0% for scenario 2 (∆t = 4.8%), and up to 44.8% for scenario
3 (∆t = 5.6%) (Table 6), related to the proportional increase of the biomass and tree crown
size in the scenarios, but did not show any significant correlation with the coverage by the
different plant layers (Table 8). Specifically, the maximum greening scenario (scenario 3)
for the amount and dimension of plant species (e.g., higher trees with larger canopies
compared to scenarios 1 and 2) had a less important effect on air temperature, but higher
relative humidity.

Wind speed was significantly negatively correlated (p < 0.01, r = −0.93 for total plant
coverage%) with the different percentage of coverage by plant layers (herbaceous layer
r = −0.93; shrub layer r = −0.94, tree layer r = −0.83; p < 0.01; Table 8), proportionally
decreasing with the increase in greenery (Tables 6 and 7) from approximately 0.9–1.0 m/s
for the current state to 0.7–0.8 m/s for scenario 1, 0.5 m/s for scenario 2, and down to
0.3–0.4 m/s for scenario 3, especially in the centre of the square, where the trees, able to
create a wind barrier [26], are located. Several studies also showed the role of wind on
the urban microclimate, although there may be many factors that can affect it [70,72,76,77].
However, no worsening of the UTCI, linked to the wind speed decrease, was detected. This
result could be related to the trapping effect of trees, as supported by the positive correlation
between air temperature and plant coverage (Table 8). Regarding this aspect, studies show
that the use of greenery in urban environments is useful for air temperature mitigation,
but also highlight the influence of the landscaping design to reach a climatic improvement,
e.g., spatial distribution of vegetation within the selected area, type of vegetation, analysis
of urban characteristics, and specific climate conditions [78–80].

The UTCI showed an overall decrease for all scenarios (Tables 6 and 7), going from
a temperature of 41.3 ◦C to 42.0 ◦C for the current state, down to 37.9 ◦C for scenario 1
(corresponding to the tree crowns), 36.7 ◦C for scenario 2 (corresponding to the south
herbaceous shrub cover), and 36.6 ◦C for scenario 3 (corresponding to the north and south
herbaceous shrub covers). The difference in temperature in scenario 1 was ∆t = 4.1 ◦C, in
scenario 2 was ∆t = 5.3 ◦C, and in scenario 3 was ∆t = 5.4 ◦C, compared to the current state.

An interesting result is related to the UTCI and mean radiant temperature decreases
for scenarios 2 and 3, in which layered vegetation (i.e., grass, shrubs, trees) were used in
combination with light paving. The difference in temperature in the area with herbaceous
coverings and shrubs was ∆t = 5.4 ◦C for the UTCI and for mean radiant temperature was
∆t = 17.3 ◦C. The combination of the use of light pavements and vegetation is therefore
a good strategy to fight urban overheating, as found by similar results of other studies
(e.g., [39,50]). The reduction of mean radiant temperature results in a reduction of the UTCI,
as also reported by Perini et al. [81].
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Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported for
each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., current
state, air temperature).

Current State Scenario 1 Scenario 2 Scenario 3 Legend

Air temperature

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 33.42 ◦C
Max: 34.43 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 32.19 ◦C
Max: 32.62 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 32.25 ◦C
Max: 32.82 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 32.42 ◦C
Max: 33.09 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Mean radiant
temperature

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 65.66 ◦C
Max: 70.06 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 53.41 ◦C
Max: 68.40 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 49.41 ◦C
Max: 68.97 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 48.42 ◦C
Max: 68.75 ◦C

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Relative humidity

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 36.53%
Max: 39.23%

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 40.26%
Max: 42.98%

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 40.31
Max: 43.99%

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 40.44%
Max: 44.78%

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Wind speed

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 0.62 m/s
Max: 1.08 m/s

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 0.44 m/s
Max: 1.02 m/s

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 0.36 m/s
Max: 0.98 m/s

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

Min: 0.32 m/s
Max: 0.98 m/s

Sustainability 2022, 14, 5847 13 of 21 
 

Table 6. ENVI-met analysis of 5 August 2003, 13:00 h. Minimum and maximum values are reported 
for each analysis for the area corresponding to Piazza Metastasio, as highlighted in the table (i.e., 
current state, air temperature). 

 Current State Scenario 1 Scenario 2 Scenario 3 Legend 

Air temperature 

 
 

 
 

 
 

Max: 32.82 °C 

 
 

Max: 33.09 °C 
 

Mean radiant 
temperature 

 
 

Max: 70.06 °C 

 
 

Max: 68.40 °C 

 
 

Max: 68.97 °C 

 
 

Max: 68.75 °C 
 

Relative humidity 

 
Min: 36.53%  
Max: 39.23% 

 
Min: 40.26%  
Max: 42.98% 

 
Min: 40.31  

Max: 43.99% 

 
Min: 40.44%  
Max: 44.78% 

 

Wind speed 

 
Min: 0.62 m/s  
Max: 1.08 m/s 

 
Min: 0.44 m/s  
Max: 1.02 m/s 

 
Min: 0.36 m/s  
Max: 0.98 m/s 

 
Min: 0.32 m/s  
Max: 0.98 m/s 

UTCI

Sustainability 2022, 14, 5847 14 of 21 
 

UTCI 

 
Min: 41.27 °C  
Max: 42.05 °C 

 
Min: 37.91 °C  
Max: 41.38 °C 

 
Min: 36.67 °C  
Max: 41.63 °C 

 
Min: 36.59 °C  
Max: 41.73 °C 

Table 7. Tukey’s HSD post-hoc test for thermal comfort parameters extracted from grid coordinates 
at point A (see Figure 3) in the three greening scenarios. Significant differences (p < 0.05) for each 
microclimatic parameter within different scenarios are marked with a superscript letter. 

Parameter 
Scenario 

1 2 3 
Air temperature (°C) 32.48 ± 0.03 a 32.59 ± 0.05 b 32.73 ± 0.01 c 

Mean radiant temperature (°C) 60.16 ± 5.99 a 58.13 ± 5.65 a 42.80 ± 0.96 b 
Relative humidity (%) 41.78 ± 0.18 a 43.21 ± 0.34 b 41.93 ± 0.08 a 

Wind speed (m/s) 0.77 ± 0.04 a 0.64 ± 0.07 b 0.49 ± 0.03 c 
UTCI (°C) 39.17 ± 0.69 a 38.94 ± 0.71 a 35.13 ± 0.39 b 

herbaceous layer (%) 9.70 ± 0.02 a 25.19 ± 0.02 b 37.45 ± 0.02 c 
shrub layer (%) 0.00 a 3.39 ± 0.02 b 6.96 ± 0.02 c 
tree layer (%) 32.91 ± 0.05 a 32.89 ± 0.02 a 51.87 ± 0.02 b 

Total plant coverage (%) 42.57 ± 0.02 a 61.43 ± 0.02 b 96.25 ± 0.02 c 

The mean radiant temperature decreased considerably corresponding to the combi-
nation of different layers of herbaceous plants, shrubs, and trees, with an evident signifi-
cant difference between scenario 1 and scenario 3 (Tables 6 and 7). I current state revealed 
temperatures over 65.7 °C, instead of temperatures of 53.4 °C for scenario 1, correspond-
ing to the tree crowns (ΔtT = 12.3 °C); of 49.4 °C for scenario 2, corresponding to the south 
herbaceous shrub cover (Δt = 16.3 °C); and of 48.4 °C for scenario 3, corresponding to the 
north and south herbaceous shrub covers (Δt = 17.3 °C), in accordance with [73], who 
highlighted that grass cover significantly decreases the mean radiant temperature. It is 
indeed known that lawn grass can effectively reduce the overall ground surface tempera-
ture [74] and can contribute to the decrease in air temperature thanks to the homogeneous, 
permeable coverage that allows the heat exchange between soil and atmosphere. In addi-
tion, [75] also documented a cooling ability in terms of surface temperature decrease by 
different plant layers with the sequence lawn > shrubs > trees. 

It is worth mentioning that our results on the shrub layer could have been affected 
by the re-parametrisation of the chosen species, which could have shown missing values 
from the default software database, resulting in a bias. 

Relative humidity showed an increase from 39.2% for the current state up to 43.0% 
(Δt = 3.8%) for scenario 1, up to 44.0% for scenario 2 (Δt = 4.8%), and up to 44.8% for sce-
nario 3 (Δt = 5.6%) (Table 6), related to the proportional increase of the biomass and tree 
crown size in the scenarios, but did not show any significant correlation with the coverage 
by the different plant layers (Table 8). Specifically, the maximum greening scenario (sce-
nario 3) for the amount and dimension of plant species (e.g., higher trees with larger can-
opies compared to scenarios 1 and 2) had a less important effect on air temperature, but 
higher relative humidity. 

Table 8. Pearson’s correlation coefficient r between thermal comfort parameters and coverage by 
the different plant layers. Significant differences are marked in bold. ** p < 0.01. 

Min: 41.27 ◦C
Max: 42.05 ◦C
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herbaceous shrub cover (Δt = 16.3 °C); and of 48.4 °C for scenario 3, corresponding to the 
north and south herbaceous shrub covers (Δt = 17.3 °C), in accordance with [73], who 
highlighted that grass cover significantly decreases the mean radiant temperature. It is 
indeed known that lawn grass can effectively reduce the overall ground surface tempera-
ture [74] and can contribute to the decrease in air temperature thanks to the homogeneous, 
permeable coverage that allows the heat exchange between soil and atmosphere. In addi-
tion, [75] also documented a cooling ability in terms of surface temperature decrease by 
different plant layers with the sequence lawn > shrubs > trees. 

It is worth mentioning that our results on the shrub layer could have been affected 
by the re-parametrisation of the chosen species, which could have shown missing values 
from the default software database, resulting in a bias. 
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(Δt = 3.8%) for scenario 1, up to 44.0% for scenario 2 (Δt = 4.8%), and up to 44.8% for sce-
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by the different plant layers (Table 8). Specifically, the maximum greening scenario (sce-
nario 3) for the amount and dimension of plant species (e.g., higher trees with larger can-
opies compared to scenarios 1 and 2) had a less important effect on air temperature, but 
higher relative humidity. 

Table 8. Pearson’s correlation coefficient r between thermal comfort parameters and coverage by 
the different plant layers. Significant differences are marked in bold. ** p < 0.01. 
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The mean radiant temperature decreased considerably corresponding to the combi-
nation of different layers of herbaceous plants, shrubs, and trees, with an evident signifi-
cant difference between scenario 1 and scenario 3 (Tables 6 and 7). I current state revealed 
temperatures over 65.7 °C, instead of temperatures of 53.4 °C for scenario 1, correspond-
ing to the tree crowns (ΔtT = 12.3 °C); of 49.4 °C for scenario 2, corresponding to the south 
herbaceous shrub cover (Δt = 16.3 °C); and of 48.4 °C for scenario 3, corresponding to the 
north and south herbaceous shrub covers (Δt = 17.3 °C), in accordance with [73], who 
highlighted that grass cover significantly decreases the mean radiant temperature. It is 
indeed known that lawn grass can effectively reduce the overall ground surface tempera-
ture [74] and can contribute to the decrease in air temperature thanks to the homogeneous, 
permeable coverage that allows the heat exchange between soil and atmosphere. In addi-
tion, [75] also documented a cooling ability in terms of surface temperature decrease by 
different plant layers with the sequence lawn > shrubs > trees. 

It is worth mentioning that our results on the shrub layer could have been affected 
by the re-parametrisation of the chosen species, which could have shown missing values 
from the default software database, resulting in a bias. 

Relative humidity showed an increase from 39.2% for the current state up to 43.0% 
(Δt = 3.8%) for scenario 1, up to 44.0% for scenario 2 (Δt = 4.8%), and up to 44.8% for sce-
nario 3 (Δt = 5.6%) (Table 6), related to the proportional increase of the biomass and tree 
crown size in the scenarios, but did not show any significant correlation with the coverage 
by the different plant layers (Table 8). Specifically, the maximum greening scenario (sce-
nario 3) for the amount and dimension of plant species (e.g., higher trees with larger can-
opies compared to scenarios 1 and 2) had a less important effect on air temperature, but 
higher relative humidity. 

Table 8. Pearson’s correlation coefficient r between thermal comfort parameters and coverage by 
the different plant layers. Significant differences are marked in bold. ** p < 0.01. 
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The mean radiant temperature decreased considerably corresponding to the combi-
nation of different layers of herbaceous plants, shrubs, and trees, with an evident signifi-
cant difference between scenario 1 and scenario 3 (Tables 6 and 7). I current state revealed 
temperatures over 65.7 °C, instead of temperatures of 53.4 °C for scenario 1, correspond-
ing to the tree crowns (ΔtT = 12.3 °C); of 49.4 °C for scenario 2, corresponding to the south 
herbaceous shrub cover (Δt = 16.3 °C); and of 48.4 °C for scenario 3, corresponding to the 
north and south herbaceous shrub covers (Δt = 17.3 °C), in accordance with [73], who 
highlighted that grass cover significantly decreases the mean radiant temperature. It is 
indeed known that lawn grass can effectively reduce the overall ground surface tempera-
ture [74] and can contribute to the decrease in air temperature thanks to the homogeneous, 
permeable coverage that allows the heat exchange between soil and atmosphere. In addi-
tion, [75] also documented a cooling ability in terms of surface temperature decrease by 
different plant layers with the sequence lawn > shrubs > trees. 

It is worth mentioning that our results on the shrub layer could have been affected 
by the re-parametrisation of the chosen species, which could have shown missing values 
from the default software database, resulting in a bias. 

Relative humidity showed an increase from 39.2% for the current state up to 43.0% 
(Δt = 3.8%) for scenario 1, up to 44.0% for scenario 2 (Δt = 4.8%), and up to 44.8% for sce-
nario 3 (Δt = 5.6%) (Table 6), related to the proportional increase of the biomass and tree 
crown size in the scenarios, but did not show any significant correlation with the coverage 
by the different plant layers (Table 8). Specifically, the maximum greening scenario (sce-
nario 3) for the amount and dimension of plant species (e.g., higher trees with larger can-
opies compared to scenarios 1 and 2) had a less important effect on air temperature, but 
higher relative humidity. 

Table 8. Pearson’s correlation coefficient r between thermal comfort parameters and coverage by 
the different plant layers. Significant differences are marked in bold. ** p < 0.01. 
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Table 7. Tukey’s HSD post-hoc test for thermal comfort parameters extracted from grid coordinates
at point A (see Figure 3) in the three greening scenarios. Significant differences (p < 0.05) for each
microclimatic parameter within different scenarios are marked with a superscript letter.

Parameter
Scenario

1 2 3

Air temperature (◦C) 32.48 ± 0.03 a 32.59 ± 0.05 b 32.73 ± 0.01 c

Mean radiant temperature (◦C) 60.16 ± 5.99 a 58.13 ± 5.65 a 42.80 ± 0.96 b

Relative humidity (%) 41.78 ± 0.18 a 43.21 ± 0.34 b 41.93 ± 0.08 a

Wind speed (m/s) 0.77 ± 0.04 a 0.64 ± 0.07 b 0.49 ± 0.03 c

UTCI (◦C) 39.17 ± 0.69 a 38.94 ± 0.71 a 35.13 ± 0.39 b

herbaceous layer (%) 9.70 ± 0.02 a 25.19 ± 0.02 b 37.45 ± 0.02 c

shrub layer (%) 0.00 a 3.39 ± 0.02 b 6.96 ± 0.02 c

tree layer (%) 32.91 ± 0.05 a 32.89 ± 0.02 a 51.87 ± 0.02 b

Total plant coverage (%) 42.57 ± 0.02 a 61.43 ± 0.02 b 96.25 ± 0.02 c

Table 8. Pearson’s correlation coefficient r between thermal comfort parameters and coverage by the
different plant layers. Significant differences are marked in bold. ** p < 0.01.

Parameter Herbaceous Layer (%) Shrub Layer (%) Tree Layer (%) Total Plant Coverage (%)

Air temperature (◦C) 0.96 ** 0.96 ** 0.86 ** 0.96 **
Mean radiant temperature (◦C) −0.77 ** −0.81 ** −0.87 ** −0.85 **

Relative humidity (%) 0.16 0.08 −0.39 −0.07
Wind speed (m/s) −0.93 ** −0.94 ** −0.83 ** −0.93 **

UTCI (◦C) −0.82 ** −0.86 ** −0.96 ** −0.91 **

Since studies show that with a mortality increase due to moderate and strong stress
with a UTCI exceeding 26 and 32 ◦C [67], the maximum UTCI decreasing from 42 ◦C
(current state) to 37 ◦C (scenario 3), reached thanks to the design scenarios assumed, would
seem to not be enough. However, it is worth mentioning that the simulations refer to the
hottest day recorded in Genoa in the last 20 years. To further improve thermal comfort, the
integration of various types of NbS is advisable for the whole neighbourhood.

In general, the best results in terms of microclimatic benefit were obtained where a
certain degree of vegetation stratification was achieved. In addition, the use of herbaceous
and shrub species is essential in terms of supporting local biodiversity.

Furthermore, a correlation between the geometry of the tree (height, shape, and width
of the crown) and the localized effect of the benefits under the crown can be found in all
scenarios analysed (as also reported by [50]). Therefore, the identification and use of correct
geometry-related parameters for the simulations seems very relevant.

The t-test for independent samples (Figure 3) between standard default settings of
the ENVI-met versus re-parametrised plant data in scenario 3 (maximum greening, as
described in Section 2.4.3) within two different points showed highly significant differences
in point A for all the microclimatic data (p < 0.01) (Table 9). With the default settings, the
air temperature was lower than 0.2 ◦C at the tree crowns (Table 9). A maximum difference
in wind speed up to 0.15 m/s (point A) was also noticed between the two analyses. These
results could be related to the different height and shape of the trees (Jacaranda mimosifolia)
in the two simulations (trees in the default database were 3 m higher and the crown was 2 m
tighter than the re-parametrised ones). At the flowerbed level (layer covered by wildflowers
and shrubs) the mean radiant temperature was up to 6.0 ◦C higher with default vegetation
compared to the re-parametrised data (point A), whereas the UTCI was up to 1.5 ◦C
higher (point A). These outcomes could be related to the default database manager (Albero
component) that showed a strong bias in relation to the poor shrub characterisation and
differentiation (i.e., only two species and related parameters are listed), as also mentioned
by Yilmaz et al. [54]. These findings support the importance of creating accurate models to
obtain realistic simulations at microscale.
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Table 9. T-test for independent samples between standard versus re-parametrised plant data (in the
ENVI-met Albero component) in scenario 3 (maximum greening), at two different points A and B
(Figure 3), for all the thermal comfort parameters. Data are average ± standard deviation. N = 5 each
point (data extracted form adjacent point of grid coordinates for each point and scenario). Significant
differences are marked in bold. Input climate data from 5 August 2003, 13:00 h.

Parameter Standard (Default Parameters) Re-Parametrised p Point

Air temperature (◦C) 32.56 ± 0.03 32.73 ± 0.01 0.000001 A
32.37 ± 0.04 32.46 ± 0.03 0.005 B

mean radiant
temperature (◦C)

49.07 ± 2.08 42.81 ± 0.96 0.0003 A
43.31 ± 2.66 42.62 ± 0.87 0.60 B

Relative humidity (%) 42.03 ± 0.18 41.93 ± 0.08 0.65 A
43.90 ± 0.18 43.99 ± 0.25 0.55 B

Wind speed (m/s) 0.64 ± 0.04 0.49 ± 0.03 0.0001 A
0.62 ± 0.09 0.55 ± 0.08 0.25 B

UTCI (◦C)
36.59 ± 0.65 35.13 ± 0.39 0.003 A
35.02 ± 0.81 34.86 ± 0.37 0.71 B

4. Conclusions

The study shows the microclimatic effects of a small-scale regeneration project in the
city of Genoa, more specifically, in a dense urban area in Mediterranean areas characterised
by relevant well-being and health issues (i.e., with high HERI and SMRs). Design scenarios
with NbS, using a targeted selection of plant species, were designed and their microclimatic
performances simulated by means of the software ENVI-met.

The main conclusions of the study are the following:

• Different design scenarios with selected plant species, compared with the current state
(no NbS), can play a key role in improving microclimatic conditions during summer
(hot day) and thermal comfort, mitigating air temperature (up to 1.8 ◦C for the scenario
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with the less greening, with herbaceous and tree layers), mean radiant temperature
(up to 17.3 ◦C for the scenario with the maximum greening with herbaceous, shrub,
and tree layers), and increasing relative humidity (up to 5.6% for the scenario with
the maximum greening), resulting in a relevant improvement in the UTCI (up to
5.4 ◦C for the scenario with maximum greening), despite the air flow reduction (up
to 0.3 m/s less for the scenario with maximum greening). It is worth mentioning
that the mean radiant temperature in scenario 3 (maximum greening) was <5.0 ◦C
compared to scenario 1 (minimal greening), corresponding to the trees layer and flower
beds. Overall, the type and coverage percentage of plant layers plays a key role in all
microclimate parameters except for relative humidity.

• The re-parametrisation of the plant species characteristics in the ENVI-met database
is fundamental to reach a high level of accuracy, as demonstrated by the significant
differences highlighted when comparing a simulation with standard values and a
simulation with a re-parametrisation of all the plant species (∆T = 5.4 ◦C for punctual
mean radiant temperature for scenario 3 with the maximum greening).

• Plant species can be selected with a systemic approach to maximise the ecosystem
functions and the ecosystem services provision.

The study allowed the most effective design strategy to be selected for the drafting
of a final design for a pilot redevelopment project. The most effective was the scenario
with the highest coverage by herbaceous, shrub, and tree layers, in combination with
light pavements (3); however, the other scenarios with less greening and light pavements
also provided less but significant microclimate benefits and can be applied, implying less
economic effort for local administrations.
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