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In urban regeneration process, one of the key components is the environmental and energetic
improvement to contrast the negative effects of climate change in modern cities. In fact,
temperature increase is exacerbated in more densely built-up urban areas by the
phenomenon called “Urban Heat Island-UHI”.

The paper aims at evaluating the influence of buildings and urban interventions on
microclimate, through a case study in an urban renovation area in the South of Italy with a
particular focus on the effects at pedestrian level.

In particular, this research analyses and compares seven urban scenarios that explore
different technical choices involving both buildings and surrounding area, related to the
influence on microclimate and outdoor thermal comfort. The considered options are about
materials physical properties (albedo), urban fabric morphology, mitigating elements such
as water bodies, vegetation and integrated green systems as Green Wall and Roof. The
simulations are carried out using the holistic three-dimensional software ENVI-met for
urban modelling. The comparative results analysis gives the possibility to individuate the
optimal solution for the case study.

The research goal is the definition of an integrated method to assess and compare mitigation

strategies for heat stress at micro-urban scale, useful in city planning decision-making.

1. INTRODUCTION

In recent years, more attention has been given to
environmental problems and particularly to climate changes
also linked to the continuing population growth and
urbanization. Moreover, the European Union has shown an
increasing interest in urban regeneration [1] as strategy that
integrates interventions at urban and building levels, in order
to restore liveability to cities and, at the same time, to improve
buildings energy efficiency [2]. This may be also an
opportunity to reduce the vulnerability to climate change in
summer, a substantial issue in the modern cities [3]. In
particular, the construction sector is one of the main cause of
climate change related to greenhouse gases emissions [4].
Moreover, temperature increase is exacerbated in more
densely built-up urban areas by the phenomenon called
“Urban Heat Island - UHI”.

Cities become more and more vulnerable to current heat
waves and extreme heat events. UHI and global warming are
positive in winter for the reduction of heating energy need. On
the contrary, in summer they induce significant increase of
temperature peak respect to peripheral zones [5] and total
electricity consumption for cooling purposes. According to
Akbari et al. [6], for the 1970-2010 period, the average
increase of the cooling demand (23%) overtakes the
corresponding average reduction of the heating (19%). This
trend is magnified in Mediterranean cities, which show high
peaks of summer temperatures and higher average
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temperatures also in intermediate seasons (spring and autumn),
due to climate change.

The urban canyon features that affect mostly UHI and
vulnerability of an urban area to hot temperature are: physical
properties of materials (albedo, emissivity), morphology of
urban fabric (density, buildings’ height, urban canyon), the use
of elements such as bodies of water, vegetation and integrated
green systems as Green Wall and Green Roof [7-8].

Materials exposed to the solar rays incidence convert the
solar radiation into heat, which builds up and is re-emitted over
time (especially at night) according to the materials physical
characteristics, as a function of conductivity and heat capacity.
During the day, in the presence of solar radiation, the
characteristic that most influences the thermal behavior of a
material is the reflection coefficient or albedo, which depends
on color and roughness; instead, during the night, the value of
thermal conductivity affects the behavior of materials. In the
presence of solar radiation, surface temperatures increase, as
the albedo decreases [9]. As it results from previous researches
[10], providing for the use of cool materials in the design phase
means to contribute to the decrease of surface temperature that
is maintained close to air temperature even during the day.
Therefore, it copes with UHI phenomenon and heat waves.

The urban morphology and the canyon geometry greatly
influence the urban energy balance: they define the surface
exposed to the exchange processes, regulate the entrance of the
solar radiation, determine an interaction between the urban
surfaces and limit the dispersion capacity of the long-wave



infrared radiation and air turbulence. The parameters that
define the characteristics of the urban settlement are the H/W
ratio and the Sky View Factor (SVF) [11], closely connected
to each other. An urban regeneration intervention will cause a
variation in the height of the buildings (H) and the relative
distance (W), even affecting the value of the SVF [12].

Subsequently, the new urban configuration derived from
urban regeneration determines a change in the microclimate of
the area. Many studies tried to analyze the behavior of urban
areas and influence of UHI phenomenon and climate change,
focusing on different strategies for mitigation. Morakinyo et
al. [13] adopted different scenarios with various urban
configurations and green roof type in order to study the
outdoor cooling effect of this kind of strategy in cooling
demand reduction. Instead, Ali-Toudert and Mayer [14] varied
the geometry of the street canyons in order to evaluate
comfortable microclimate at street level for pedestrians. Thus,
the definition of a method, which aims to define the best
mitigating strategies to be adopted, is crucial for sustainable
and resilient urban planning and buildings design.

2. METHODOLOGY

In order to evaluate the impact of buildings and urban
interventions on microclimate, it is defined a methodology
with the following steps:

(1) Analysis of climatic conditions (altitude, latitude, degree
days, average temperatures in Mediterranean climate) and
urban fabric (building density and morphology);

(2) Identification of some representative microclimate
indicators for pedestrian comfort (mean radiant temperature,
air temperature, relative humidity, wind speed) and urban
features (solar radiation, sky view factor). These parameters
are influenced by climate change and UHI phenomenon,
depending also on the urban fabric configuration.

(3) Identification of urban and building planning factors that
mostly influence the local microclimate. The factors
considered are about materials physical properties (albedo),
urban fabric morphology, mitigating elements such as water
bodies, vegetation and integrated green systems as Green Wall
and Roof;

(4) Definition of scenarios able to mitigate temperature
increase and heat waves, exploring different technical choices
involving both buildings and surrounding area, related to the
influence on microclimate and outdoor thermal comfort,
according to the main factors indicated in the previous point;

(5) Creation of a discretized 3D urban model and simulation
of microclimate at urban micro-scale in the most critical
climatic condition (the hottest day of summer) through the
software ENVI-met.

(6) Development of 2D and 3D maps about microclimate
parameters (air temperature, mean radiant temperature, SVF,
solar radiation, wind speed etc) in order to compare the seven
scenarios;

(7) Output-data comparison, through graphs and diagrams
related to in the receptors introduced in the ENVI-met model;

(8) Choice of the best UHI mitigation strategy in summer
through the multicriteria analysis of the results of the most
critical receptor at pedestrian level. It is based on the Analytic
Hierarchy Process (AHP), which allows pairwise comparison
of the indicators and, then, of alternatives according to Saaty’s
preference scale from 1 (minimum importance) to 9
(maximum importance) [15].
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2.1 Simulation tool

It is necessary to point out that the proposed method
analyzes thermal behavior of the studied area through selected
indicators and makes use of urban environmental simulations
performed through ENVI-met. Like other tools, such as
Rayman, it is able to simulate microclimate and interactions
between individual buildings, surfaces and plants at urban
micro-scale, but in this sense ENVI-met is one of the
environmental modeling software at urban level. It is a holistic
three-dimensional and non-hydrostatic software, is applied in
microclimate analysis in urban area and its models has been
validated positively by comparison between field
measurements and simulation results [16]. The most critical
point is the simulation time that can reach some days. In fact,
the finer is the used spatial (available 0.5-10 m) and temporal
(up to 10 s) resolution grid, the more the simulation time
increases. It includes full 3D Computational Fluid Dynamics
(CFD) model [17] based on non-linear equations and
computational thermo-fluid dynamic calculation using the
standard k— & turbulence model in closing the Reynold
Average Navier-Stokes equations for each grid in space and
for each time. A positive application of the software is when
greenery is introduced in the model in order to analyze the
effects [13], because plants (e.g. trees and grasses) do not
result permeable media to wind flow and solar insolation but
show in the outputs the interactions with the surrounding
environment by energy absorption and evapotranspiration.

Therefore, the tool is fundamental to analyze and compare
the chosen different scenarios.

3. CASE STUDY AND SCENARIOS

The subject of study is an urban renewal area B/6 according
to the Bari’s PRG (city in the South of Italy — C Climate Zone
910<GG<1400) of about 12,255m2. The work analysed the
main effects at the microclimatic level of the project proposed
to the Municipality for the urban fabric regeneration, which is
made up of social housing buildings in degradation state.

The study defines a simulation model of the area (150x150x
34 pixels) and requires the settings of new materials (wall with
different albedo, green roof, reflective pavements etc.) in the
libraries and of climatic conditions of the hottest day in
summer. Through this models made-up for seven different
scenarios, is possible to analyse the interactions between the
different technical choices and microclimatic changes. Hence,
this research analyses and compares seven urban scenarios in
the hottest day of summer according to the settings in Table 1.

Each scenario explores singularly different technical
choices involving both buildings and surrounding area in
relation to the influence on microclimate and outdoor thermal
comfort.

Table 1. Settings in ENVI-met simulations

25.07.2017
24 h (00:00-23:59)
1m horizontally, 1m

Simulation day
Simulation period

Spatial resolution

vertically
Wind Speed 2.6 m/s
Wind Direction [N=0, S=180] 230
Indoor Relative Humidity 59 %
Indoor temperature 20C

Heat Transmission 0.314 W/m?K (walls)




The contemplated data are physical properties of the
material (albedo), morphology of urban fabric (density,
buildings’ height, urban canyon), the use of mitigating
elements such as bodies of water, vegetation and integrated
green system as Green Wall and Green Roof.

The analysed seven scenarios are:

(1) Base Scenario [BaseS];

(2) Green Roof Scenario [GRoofS];

(3) Green Wall Scenario [GWallS];

(4) Green Scenario [GreenS];

(5) Blue and White pavements Scenario [BlueWS];

(6) White Buildings Scenario [WhiteBS];

(7) Tower Scenario [TowerS].

3.1 Base scenario

The Base Scenario is the reference model to which all the
following models relate, with the addition of main elements
that feature the urban fabric and that affect the microclimate
significantly. In fact, the base model is defined by buildings
and urban surfaces that use standard materials with non-
performing thermo-physical properties.

In particular, the Base Scenario (Figure 1) shows buildings
(h=22m) that use external finishing layer with a low value of
albedo (about 40%), dark pedestrian and road paving (asphalt
albedo about 20%) and has not any green element.

The project of Base Scenario buildings includes wall and
roof systems composed of the three following layers: masonry
layer (31 c¢m); extruded polystyrene insulation panels (8 cm)
and external finishing layer with 40% albedo (about 2 cm).

There are three different surfaces used in the basic model:
asphalt for road paving, concrete for pavement and basalt for
public areas as squares.

R~l~‘
e > *

Figure 1. Base Scenario 3D model in ENVI-met with the
receptors positions

3.2 Green roof scenario

Table 2. Green Roof characteristics in ENVI-met

Green Roof
CO: Fixation Type C3
Leaf Type Grass
Albedo 0.20
Plant height [m] 0.10
Root Zone Depth [m] 0.20
Leaf Arga (LAD) 030
Profile
Root Arga (RAD) 0.10
Profile
Season Profile 1.00

In the Green Roof Scenario an integrated green system is
inserted on the base model roof. This is one of the most
important cooling strategies at urban and building level [18].
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In the geometric model an extensive green roof is added on the
top of buildings [19], according to the data shown in table 2.

The climatic conditions and the other inputs needed in
simulation are unchanged.

3.3 Green wall scenario

As operated in the Green Roof Scenario, in the Green Wall
Scenario a simple plants system is applied on the building wall
of the basic model, with the same height of the buildings on
the vertical surface without windows.

Thus, it is created a shielding for buildings that prevents the
direct incidence of solar radiation on external wall surfaces
[20]. The North fagade does not show green wall because it is
not interested by direct solar radiation.

3.4 Green scenario

The Green Scenario preserves the morphological and
technological buildings configuration of the Base Scenario, by
amending only the urban plan with a green redesign [21].

There are two main typologies of green elements used in the
Green Scenario model:

(1) Simple plants: grass uniformly distributed in the area. It
is used a simple type of grass with a maximum height of 10cm;

(2) 3D Plants: green punctual elements, trees with medium
height (12m) and deciduous leaves.

It is chosen an Acer Campestre, a deciduous tree of modest
size, with compact bushy crown and often twisted and
branched trunk.

3.5 Blue and white pavements scenario

The BlueW Scenario model is characterised by a high
albedo material for the urban paving, compared to those used
in the Base Scenario.

Furthermore, in order to show the water bodies mitigating
effects on the air temperature, a water area is inserted in the
centre of the model.

The water cooling effect is related to its ability to maintain
the surface temperature lower than air or other materials
temperature. Water has also a low albedo value (about 3% in
the hours of maximum radiation).

3.6 White buildings scenario

As shown in literature, the thermo-physical properties of
materials are able to influence the interaction between
buildings and climate behaviour. So, in the WhiteBS model
cool materials (high value of solar reflectance and thermal
emittance) are used for buildings design.

In fact, the use of “cool materials”, which can reflect a
significant part of solar radiation and dissipate the heat
absorbed through radiation, contributes to increase urban
albedo, to maintain lower surface temperatures and, thus, to
present an effective solution to mitigate UHI [22].

The high reflection capacity of these materials is due to high
reflectance pigments in the infrared portion of the solar
spectrum. It means that the material does not get hot during the
day. The high emittance, instead, allows the material to cool
overnight, irradiating the heat absorbed during the day.

Therefore, the difference between the WhiteBS and the
Base Scenario models is only the value of material albedo
(85%).



3.7 Tower scenario

The last model shows changes about the urban fabric: from
the linear blocks of the Base Scenario to the tower ones of
Tower Scenario. This new urban configuration affects climate
indicators, such as wind speed, air temperature and relative
humidity. In order to respect the urban standards — in particular
distance between buildings — and the design buildings volume,
the new urban configuration defines seven 25x25 m isolated
blocks, each with a height of 22 m. The materials used in this
model and the climatic conditions and the other inputs needed
in simulation are the same of those of the Base Scenario.

3.8 Simulations

After defining geometric models and the initial settings, the
simulation is run for each scenario and takes even longer than
15 days, due to the models completeness and care: grid
dimension, vegetation elements, geometric model complexity,
number of receptors. The simulation process performed by the
software generates a high number of outputs that are divided
into eleven destination folders: Atmosphere, Buildings, Inflow,
Log, Pollutants, Radiation, Receptors, Soil, Solar access,
Surface, Vegetation. Each folder contains two types of output
analysed in 10 min time steps. These outputs give information
on more than 15 indicators and for the entire height of the
model, divided into 30 intervals with a step size of about 1m.
From these general tables the data necessary to make
comparisons are extrapolated related to:

(1) time: hourly interval;

(2) height: pedestrian level at 1.50mt, the height at which
the sensation of pedestrian comfort is detected.;

(3) indicators: mean radiant temperature (Tmrt) [23], air
temperature(Ta), relative humidity (Qrel), wind speed (WS).

4. RESULTS

The huge amount of ENVI-met simulation outputs needs a
reworking through calculation programs and support graphic
interface, in order to obtain comparable results. The
comparisons are made up through graphs that show the
selected climate indicators trend, helpful to the microclimate
analysis. ENVI-met graphic support gives a clear and
immediate representation in chromatic scale of the analysed
climate indicators and of other parameters (e.g. Sky View
Factor, solar radiation etc.) for the studied area. The Figure 2
shows, for the BaseS, the critical buildings surface
temperatures that cause an increase of the analysed Tmrt and,
thus, pedestrian comfort.

4.1 Receptors

Temperature of facade
node 1 - outzide

Bl Below 33.87°C
B 35.87-3723°C

B 57.42-60.78 °
B Avove 60.78°C

Figure 2. Temperature of facades and roofs at node 1 in
ENVI-met for the Base Scenario at 13:00
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In the Base Scenario six receptors are analysed (see the red
points in Figure 1). The results of the most critical ones (R1,
R2) are presented below, for brevity.

4.1.1 Receptor 1

As regards mean radiant temperature (Figure 3a), the most
critical scenario is the WhiteB one: it shows the highest value
Tmrt=78.84 °C at 10:00, while the lowest peak values are
shown in GWallS (Tmrt,max= 67.93 °C at 10:00) and GreenS
(Tmrt,max= 68.87 °C at 13:00).

The comparison between these trends highlights the
vegetation mitigating effects on the behaviour of Tmirt. In fact,
the ATmrt between GWallS and WhiteBS is about 11°C,
between GWallS and Base Scenario is about 5°C; while
comparing GreenS to WhiteBS and then to BaseS, the ATmrt
is about 10°C and 4°C, respectively. The sudden peak at 6:00
(for almost all the scenarios, except GreenS and TowerS that
have a different urban configuration) or the drop at 11:00 (in
the GreenS) are linked to the effect of direct solar radiation on
the buildings, in particular near the stairwell which is
advanced compared to the rest of the construction, or trees that
throw shadow. Concerning air temperature, the most critical
graphs (Figure 3b) are the BaseS (Ta,max=34.05 °C at 13:00)
and TowerS (Ta,max= 34.48 °C at 13:00). The best trend is
the GWallS one that reaches the maximum value (Ta,max=
33.69 °C) at 13:00. While, the lowest maximum value of air
temperature is reached at 13:00 in BlueWS (Ta=33.32 °C)
thanks to the proximity of the analysed receptor to the water.
Regarding relative humidity (Figure 3c), the scenarios that
show the highest values are: BlueWS (Qrel=63.42 % at 5:00),
GWallS (Qrel=60.68 % at 05:00), GreenS (Qrel=60.43 % at
5:00). This trend shows how the greater the green areas, the
higher the value of the relative humidity due the phenomenon
of evapotranspiration of plants and water surface. As shown,
the maximum relative humidity value is reached at 5:00, in
correspondence with the lowest temperature value (in fact,
there is inverse proportionality between the two quantities)
because of the convection currents during the night as a result
of the time lag between the cooling of ground and overlying
air.

4.1.2 Receptor 2

As shown in the previous receptor analyses, the mean
radiant temperature (Figure 4) highest value is reached in
WhiteBS (Tmrt,max= 79.13 °C at 14:00), while the lowest
maximum values are shown in GWallS (Tmrt,max= 72.61 °C
at 14:00) and in GreenS (Tmrt,max= 71.22 °C at 14:00).
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Figure 3. Indicators comparison in R1

Regarding air temperature, the most critical graph is the one
related to TowerS (Ta,max=34.94 °C at 13:00); however,
during the night this model provides lower temperature values

due wind mitigating action (Ta,min=23.97 °C at 5:00).

The model with minimum values of air temperature in
daytime is the BlueWS (Ta,max=34.01 °C at 13:00); however,
in nightime this graph shows rather high values (24.5 °C at
5:00) because of the receptor position is too far from water
body.

a) Mean Radiant Temperatore in R2
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Figure 4. Tt comparison in R2

The highest relative humidity values are reached at 5:00 and
16:00, according to the lowest air temperature values: the
lower is the air temperature, the lower is its ability to contain
steam and, therefore, the air relative humidity increases. The
models with the highest relative humidity value are the
GWallS (Qrel= 65.91% at 5:00; Qrel= 68.64% at 16:00) and
the GreenS (Qrel= 66.61% at 5:00; Qrel= 67.47% at 16:00);
the BlueWS shows the highest Qrel value only at 5:00.

As regards the wind speed graphs, the results of this receptor
confirm as shown in the previous analysis: the highest value
are reached in TowerS, followed by the triad BaseS — GRoofS
— WhiteBS, with values quite similar because the design
differences between the three models are not perceptible at
pedestrian level.

4.2 Environmental performance chromatic maps

The study continues with comparison of chromatic maps at
13:00, the most critical time, and at 1.5 m above the ground,
in relation to the most significant environmental parameters.

These maps confirm what the receptors analysis shows. As
regards air temperature (Figure 5), the most critical model at
13:00 is the GreenS followed by the BaseS, the GRoofS and
the TowerS; while the model that shows the lowest air
temperature values is the BlueWS.

Concerning mean radiant temperature, the scenario with the
significantly highest values is the WhiteBS (up 75.60 °C).

Regarding the wind speed, Figure 6 shows a better
behaviour of the configuration with towers compared to that
with linear blocks in relation to the direction and the intensity
of the wind.

The maps of direct and diffuse solar radiation do not show
any differences between the seven models, while the seven
maps related to the reflected solar radiation are different
(Figure7) because it depends on thermo-physical properties of
materials. In addition to the parameters studied in the analysis
of receptors, we consider also the maps of solar radiation and
SVEF. The most critical models, with the highest reflected solar



radiation, are the WhiteBS and the BlueWS (the highest
albedo materials); the best one is GreenS. Regarding SVF, the
maps (Figure 8) of the two different urban configurations
confirm that tower blocks have a higher SVF value than linear
ones [24].

Figure 5. Air Temperature [<C] - Scenarios Comparison at
13:00, h=1.5m: a) BaseS, b) GRoofS, ¢) GWallS, d) Green S,
e) BlueWs, f) WhiteBS, g) TowerS

a

s

b

Air Temperature

M Below 28,00 °C
B 25 00-29.00 °C
B 20003000 °C
B 3000.31.00°C
L 131.003200°C
32.00-33.00 °C

Wind Speed
Bl Below 1.50m's [ 7.50-9.00 m/s
I 1.50-3.00 s [ 9.00-10.50 /s
I 3.00-4.50 ms I 10.50-12.00 m's
B 450-6.00m's I 12.00-13.50 /s
[ 6.00-7.50 ms B Above 13.50 mis

Figure 6. Wind Speed [m/s] - Scenarios Comparison at
13:00, h=1.5 m: a) BaseS, b) TowerS
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Figure 7. Reflected Sw Radiation [W/m?] - Scenarios
Comparison at 13:00, h=1.5m: a) BaseS, b) Green S, c)
BlueWs, d) WhiteBS
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Sky View Factor

Bl  Below009 047057
Bl 009019 0.57-0.66
Bl 019028 0.66-0.75
B 023038 0.75-0.83
Bl 038047 Above (.83

Figure 8. SVF - Scenarios Comparison at 13:00, h=1.5 m: a)
BaseS, b) TowerS

In fact, the SVF value is about 0.52 and 0.62 in the centre
of BaseS and the TowerS, respectively.

4.3 Multicriteria analysis of mitigation strategies

After the study of the obtained results, the multicriteria
analysis is carried out about the most critic receptors at the
hottest hour (13:00).

The AHP method was used. It consists of a pairwise
comparisons matrix related to chosen indicators (mean radiant
temperature, air temperature, relative humidity and wind speed)
in order to identify the most incisive one on the urban
microclimate in relation to the analysed area and its use. Then
(Table 3), a comparison is made between the seven
alternatives (possible scenarios) according to each indicator.

Table 3. Comfort indicators comparison matrix

Tt Ing;catorsws Qrel Local weights
Tmrt  1.000 3.000 8.000 5.000 X1 0.557
Ta 0.333 1.000 7.000 3.000 X2 0.274
WS 0.125 0.143 1.000 0.200 X3 0.041
Qrel  0.200  0.333 5.000 1.000 X4 0.128

In order to build-up the matrix, it is used the Saaty’s values
scale [range between 1-9]. Through appropriate calculations
defined by the AHP method, the local weights are determined
(Table 4 shows an example of local weights scores, related to
comfort indicators) and then the matrix coherence is evaluated
(consistency index CI, random index RI and report consistency
CR). Thus, it is possible to obtain the global score vector for
each alternative.

The local weight of each indicator (xn) (Table 3) is
multiplied by the relative score obtained for the same indicator
(according to the reached value) in the selected scenario (yn)
(e.g. relative scores for Tmrt in Table 4). Thus, the global score
for each scenario is calculated as the sum of the products (p =
X, * ¥,) obtained for all indicators in the analysed scenario.
The results are shown in Figure 9. Hence, the best alternative
is the GreenS that reaches the maximum score followed by
GWallS and BlueWS.



Table 4. Ty comparisons matrix and relative scores for each scenario

Mean Radiant Temperature Tmrt Scores

BaseS GRoofS GWallS WhiteBS GreenS BlueWS TowerS

BaseS 1 1 0.500 3 0.200 2 0.500 y' 0.088
GRoofS 1 1 0.500 3 0.200 2 0.500 y? 0.088
GWwallS 2 2 1 7 0.500 6 2 y® 0.223
WhiteBS 0.333 0.333 0.143 1 0.111 0.500 0.200 y* 0.156
GreenS 5 5 2 9 1 8 2 y>  0.023
BlueWsS 0.500 0.500 0.167 2 0.125 1 0.200 y®  0.388
TowerS 2 2 0.500 5 0.500 5 1 y’ 0.034

BaseS
GRoofS
GWalls
GreenS
BlueWs

WhiteBS
TowerS

s (0.098

s 0.098
s 0,196
e 0,257
s 0,150

s 0.086

s (0,115

0.000 0.050 0.100 0.150 0.200 0.250 0.300

Figure 9. Global vector scores in AHP multicriteria analysis
4.4 Final Mitigation Scenario

Finally, the paper analyses a final model that shows the best
technical-design solutions identified by the multicriteria
decision process, in order to obtain an urban fabric able to
contrast the stress of summer microclimate. The Final
Mitigation Scenario shows a tower morphological
configuration with a green wall applies on the facades most
exposed to the action of solar rays (South and West facades).
The Final Mitigation Scenario uses other summer
microclimate mitigation strategies, such as: cool materials
apply on building and urban surfaces, insertion of vegetation
and green elements (trees, grass etc.).As regards the building
surfaces without the green wall (on the North and East facades)
two different simulations were analysed: the first one
interested by low value of albedo (equal to 40% as in Tower
Scenario), the other one interested by high value of albedo
(equal to 85% as in WhiteB Scenario). Then, the two models
of synthesis are compared to each other. The best solution is
the Final Mitigation Scenario with 85% albedo.

5. CONCLUSIONS

The defined method represents a useful integrated tool for
the evaluation of different strategies at the urban micro-level
in relation to the climatic characteristics of the site and to the
purposes of urban planning. It is based on the comparison of
the results deriving from environmental simulations for the
studied urban area and on the multicriteria analysis among the
different analysed scenarios. Therefore, it is possible to
consider the interaction of all the elements present in an urban
canyon in function of the physical characteristics of applied
surfaces and materials, the thermal functioning of the envelope
and the presence of green.

Furthermore, the analysis of the simulations results makes
possible to identify the elements and the solutions of urban and
building design that mostly affect the local microclimate. The
best mitigation strategies of the heat island phenomenon,
exacerbated by climate change, are chosen through a
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simplified multicriteria analysis process, easily applicable by
the various stakeholders (urban planners, municipality
technical staff, citizens etc.).

Among the seven scenarios analyzed for the case study, the
strategy with green areas, both as distributed elements (grass)
and as punctual plants (trees and shrubs), has the greatest
influence on the mitigation of the summer climate conditions.
In fact, trees allow intercepting the solar radiation, thus
lowering the direct energy load; from the analysis, we can see
that the mitigation effect is more relevant at low heights
(pedestrian level) and decreases as they increase.

In this study, the mitigation action of green is also evaluated
in integrated facade and roofing systems. The analysis of data
and of decision-making (AHP method) shows that green wall
is an effective strategy in terms of microclimate mitigation as
it has direct effects on pedestrian level comfort. On the other
hand, the green roof does not cause significant variations in
the thermal behavior of the buildings in the analyzed area since
it mainly influences the microclimate at the roof level and at
the upper ones.

The analysis of the results shows how the introduction of
cool materials for urban pavements and pools of water
(BlueWScenario) determines a greater mitigating action than
the Green Scenario in relation to the air temperature trend,
thanks to the high reflective ability of these materials.
However, the mean radiant temperature has an opposite trend
that shows an increase during the day, instead of decreasing.
This behavior, also found in the WhiteB Scenario, in which
high albedo finishing layers are used for buildings, is
nevertheless predictable: the greater reflectance of the
materials that have replaced the surfaces of the Base Scenario
(current state) increases the part of reflected energy, rising the
Tmrt. The reflected radiations increase determines a reduction
of the absorbed heat and, therefore, allows surfaces to reach
lower temperatures, which, at night, guarantee higher levels of
comfort and reduced effects on the heat island. Moreover, the
change of the urban morphology (from linear blocks to tower
blocks) brings benefits especially for the wind speed and the
mean radiant temperature as a function of the reduction of the
barrier effect and the incidence of solar radiation, respectively.
The final proposed solution (Final Mitigation Scenario with 85%
albedo) summarizes the contemporary use of the best-analyzed
strategies: use of green walls, high albedo surfaces, plants and
tower building morphology. In this way, the study indicates
some effective mitigation proposals that can be considered
guidelines in the decision-making processes of city planning.
However, extending the application of the method to different
climatic and urban contexts can provide further reference
mitigating solutions for both buildings and urban fabric.
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