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Abstract. The relationship between microclimate and built environment has been
explored for almost forty years, with reference not only to architecture but also
to urban and to landscape design as instruments to increase the outdoor comfort.
Recently, scientific studies on urban climate pay attention to Urban Heat Island
(UHI) and related mitigation strategies as the main focus theme, also developing
new sustainable urban design assessment methods.

Moving from these considerations, this paper aims to describe some results of the
research “Adaptive design and innovative technology for resilient regeneration
of urban district depending on climate change”, focused on the study of techno-
logical solutions able to improve the resilience of the built environment, also re-
ducing the effects of the UHI. Furthermore, attention is given to the issue of urban
space design, implemented as an instrument able to promote the regeneration of
urban districts. In detail, this article presents two design proposals developed for
Piazza Togliatti in Scandicci (Florence), analysing the results achieved (in terms
of atmospheric temperature and Predicted Mean Vote) by means of the ENVI-
Met software.
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1 Introduction

The 2030 Agenda of the United Nations recognizes that climate change is one of the
greatest challenges of our age [1]. Its negative impacts undermine the ability of states
to implement sustainable development and achieve goals such as inclusion, security,
eradicate poverty and hunger. Surface temperature is set to increase during the 21st
century in all global warming scenarios assessed by the Intergovernmental Panel for
Climate Change models [2]. This will lead to an increase in extreme events such as high
temperatures, heavy rainfall and drought phenomena. A lot of research has shown how
discomfort linked to Urban Heat Island (UHI) occurs increasingly in anthropic settle-
ments all over the world [3, 4]. The heat island effect, in fact, is characterised by the
development of noticeably higher temperatures in our cities compared with the coun-
tryside that directly surrounds them [5]. The intensity of UHI strongly depends on the
local meteorological conditions, but also on the urban characteristics, such as the type
of materials used for the construction of urban spaces and buildings and the presence
(or absence) of green and blue infrastructures [3, 6]. Furthermore, it is important to



remember how the UHI has several impacts on quality of life and health of citizens,
increasing the risk of mortality, especially among the weakest sections of the population
[7, 8]. Finally, it contributes to: grow the building energy consumptions for cooling [9];
worsen indoor and outdoor thermal comfort [7, 9]; raise the concentration of harmful
pollutants in the air of our cities [9].

Starting from these considerations, the paper shows the first results of the National
Research Project of Relevant Interest “Adaptive design and innovation technology for
resilient regeneration of urban district depending on climate change” (PRIN AD) -
developed from the Universities of Reggio Calabria, Naples, Rome, Milan and Florence
- aimed investigating design methodologies and technological solutions in order to pro-
mote the resilient regeneration of three Italian urban districts (located in Florence, Mi-
lan and Naples), both in terms of reducing exposure to climate risks (flooding and water
deficiencies, heat waves and UHI) and in terms of social inclusion and economic sus-
tainability. In detail, the article describes analysis and evaluations developed to increase
the resilience of the Piazza Togliatti, a degraded square located in the centre of Scan-
dicci (a little city placed in the Southwestern of Florence).

2 Research methodology

With reference to the research methodology developed in the frame of the PRIN AD,
the study was articulated as follows: 1) pre-processing the geometric and physical fea-
tures of the Togliatti square, through ENVI-met; 2) simulating the urban climate at the
current state in typical UHI conditions; 3) designing of two different suitable project
scenarios; 4) pre-processing the geometric and physical features of two project scenar-
ios through ENVI-met; 5) simulating the two project scenarios; 6) analysing the results
and detecting the most effective strategies in terms of attenuation of the urban heat
island, overall improvement of the urban microclimate and thermal comfort.

The holistic approach is the one that inspired the design of two scenarios. We tried
to avoid circumscribe the project proposal in each one, in fact, we developed the design
solutions and analysed the benefits obtained within an increasing scale of project out-
puts. In other words, the technological solutions (shading devices, green infrastructures,
etc.) proposed in the second scenario to improve the resilience of the Piazza Togliatti
can be added, in a subsequent step, to the repaving strategies developed in the first one.
The two scenarios, have been defined for enhancing the square's ability to react to the
phenomena of climate change, included the UHI, but also with the aim of progressively
transforming both its aesthetic image and its psychological perception by users, espe-
cially children and the elderly. [10]

For these reasons, we carried out ENVI-Met simulations to measure and compare
two indexes of the UHI’s impacts on the urban environment: atmospheric temperature
(°C) and environmental comfort (PMV index). In detail, we have used the ENVI-Met’s
application “Biomet”, that is able to carry out the value of the PMV of a specific user
whose parameters related to sex, age, height and weight are inserted. Moreover, we
have considered only the climatic conditions of UHI in our analysis. Therefore, the
PMV is not always included between the range -3 and +3, but it sees higher values



which identify worse environmental discomfort for the user that we have choose: an
elderly man.

3 The case study

Piazza Togliatti is a large, empty and degraded rectangular space, which showed many
problems of liveability, accessibility and safety, as well as a negative level of climate
resilience. Currently, in the square are located the following functional destinations (fig.
1): a playground area, in the northern border; an outdoor area, in the southern border,
used as a market in the morning and as parking in the rest of the day. Citizens spend a
lot of time in these two spaces during the whole year, although if the environmental
conditions - especially in the summer months - do not guarantee sufficient comfort. For
this reason, we decided to focus our requalification projects on the regeneration of this
square, in order to increase not only its environmental performances but also its social
potential as aggregative space. The square is actually characterized by the following
physic characteristics: pavements made with "hot" materials; green areas that appear in
a fragmented composition; roads without trees and vegetation; absence of water ele-
ments; absence of green roofs or roofs made with cool materials.

Fig. 1: Photos of Piazza Togliatti.' On- the left the playground area, on the right the parking and
market area

4 Simulation model

Compared to the methodological context described above, the analysis and simulation
tools were developed with multiple objectives, involving the different phases of the
design process. In the case of Piazza Togliatti, the “ex-ante” energy simulations allowed
us to define its behavioural profile in the existing configuration (making to emerge the
critical issues and vulnerabilities, but also the potential for architectural renovation),
and to analyse the benefits that each project proposal could achieve.

The urban microclimate, the atmospheric temperature (°C) and the environmental
comfort (PMV index) were calculated by ENVI-met which is a prognostic model based
on the fundamental laws of fluid dynamics and thermodynamics [11]. In particular, this



software allows to perform a microclimatic analysis starting from input climatic data
of speed and mean direction of wind, and hourly course of temperature and humidity.
It also provides the evaluation of the interrelation between buildings, vegetation and
various surface coverings, and of their effects on the perceived microclimate [12]. The
values of Fanger’s indices calculated by ENVI-met are based on the modified Fanger
heat balance equation developed by Jendritzky and Nubler for outdoor conditions [13].

In our research, the square model was created with the “area input file editor” rotated
of 60° to the North, according to the main direction of the roads. The area was rendered
with a 100 x 100 x 30 (x-y-z) grids, keeping the following spacing: dx = 3.00 m; dy =
3.00 m; dz = 2.00 m. 10 buildings were included in the model with a height between 6
and 24 m, 15 m being the mean value. For the modelling of the vegetation, eight dif-
ferent trees types were employed (tab. 1).

Table 1. Principal features of 3D plants included in the model simulation

Plants fea- Acer P_lnus Cypress Populus Tilia P_opulus Privet
tures negundo pinea alba nigra

Height (m) 11 15 7 7 25 18 20
Width (m) 9 11 3 5 15 13 15
Albedo 0.5 0.6 0.3 0.7 0.18 0.4 0.4

Furthermore, the model was kicked off especially regarding radiative properties of
surface materials and of the two design scenarios (tab. 2). Finally, into the model was
included a part of the urban context near the square, since the software has some diffi-
culties of execution of the calculations in the proximity of the edges.

Table 2. Materials in the current status and scenarios, with their albedo value

Materials Albedo Current status ~ Scenario 1 Scenario 2
Asphalt 0.1 v v v

Brick 0.3 v

Dark concrete 0.2 v v

Red asphalt 0.5 v

Loamy soil 0.15 v v v

Grey concrete 0.5 v v

Beaten heart 0.8 v N

Grass 0.2 v N

Thanks to the collaboration with the Florence Institute of Biometeorology, the cli-
matic data of the last 25 years were analysed [14], identifying the hottest day on 21
August 2011: Temperature minimum 20.7 °C at 6:00 a.m.; Temperature maximum 41
°C at 04:00 p.m.; Humidity minimum 14% at 01:00 p.m.; Humidity maximum 66% at
6:00 a.m.; 0.2 m/sec wind speed from south direction.



The outputs related to atmospheric temperature and Predicted Mean Vote (PMV),
were extrapolated for the worst microclimatic conditions (04:00 p.m.) and with the pa-
rameters of the more disadvantaged users, represented by elderly men (age 70 years).

5 Investigated scenarios

The impact of the main technological strategies, developed in the frame of the PRIN
AD research in order to decrease the UHI effects, was evaluated, analysing the energy
performances of three different model configurations (fig. 2) listed below:
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Fig. 2: Analysis of surface vegetation and soil in the current status and in the two scenarios.
Legend of materials used in the models: 1 asphalt, 2 brick, 3 dark concrete, 4 red asphalt, 5 loamy
soil, 6 grey concrete, 7 beaten heart, 8 grass.

Base Case
The model was kicked off applying specific values of the urban environment of Piazza
Togliatti, described in detail in the previous paragraph 4.

Scenario 1

The project developed in the first scenario aimed to improve the environmental and
social features of the square, without changing its actual uses and functions. For this
reason, the retrofitting project concerned only the repaving action to create green



spaces, in particularly planting new trees in the parking-market zone. The materials for
the repaving were chosen with a higher albedo then those existing. In order to build this
simulation in ENVI-Met the same Input files of the Base Case were employed, modi-
fying only the Configuration File, which contains all the parameters set to the model.

Scenario 2

The project developed in the second scenario, starting from the repaving of the square
(as done in the first scenario), was focused on: 1) the construction of solar shading
devices in the parking-market area, where will be possible to integrate technologies for
producing renewable energy and to collect water; 2) the requalification of the bordering
streets, converted to green corridors; 3) the use of water, integrating in the urban space
of Piazza Togliatti a blue infrastructure in order to increase its outdoor comfort espe-
cially in the summer months. Radiative properties were almost the same as Base Case.
Also in this case, a different Configuration File (as for Scenario 1) was used.

6 Results

6.1  Atmospheric temperature and PMV index

All the simulations were started on 21 August 2011 and the elapsed time was 24 h. In
the fig. 3 are presented thermal and PMV maps of the three scenarios analysed for the
warmest moment of the day (04:00 p.m.). For horizontal views (x-y) all data are shown
at pedestrian level-height (z = 1.80 m, representing what people could perceive).

The results achieved with the simulations can be summarised as follows:

Base Case

The central area of the playground and of the parking-market zone are the hottest spaces
into the square, due to the presence of asphalt and dark concrete, and to the lack of
vegetation, trees and shading devices. The maximum temperature is 41.17 °C, while
minimum, recorded in densely vegetated areas, is 35.83°C. The PMV index shows a
minimum value of 3.73 and a maximum of 6.94.

Scenario 1

In this scenario, the maximum temperature is 41.06 °C, the minimum temperature is
35.56°C as usual recorded in the green areas. As shown in fig. 4, a temperature reduc-
tion is achieved, due to the repaving strategies and the planting of new vegetation. The
PMV index shows a minimum value of 3.67 and a maximum of 6.86, with a maximum
reduction of -1.97 (fig. 5) compared to the base case. The best results, in terms of tem-
perature and PMV index, are recorded in correspondence of the central area of parking-
market, where we have proposed to replace the existing dark pavement with cool ma-
terials and in addition to planting 20 new trees in order to increase the shading areas.
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Fig. 3: From left to right: Square plan views; Atmospheric temperature and PMV of elderly men
(70 years old)

Scenario 2

In this scenario Maximum temperature is 40.99 °C., Minimum temperature is 35.39°C.
As shown in fig. 4 a general decrease in the temperature is recorded, but it is deeper
than in the first one. In detail in the covered area of the parking-market the atmospheric
temperature is reduced of — 0.74 °C, thanks to the presence of the shading adaptive
devices. Further, the PMV index shows a minimum value of 3.60 and a maximum of
6.83, with a maximum reduction compared to the base case of -2.23 (fig. 5).
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Fig. 4. ENVI-Met® comparisons of the decreasing of atmospheric temperature in the scenario 1
and 2, x-y view at z = 1.80 m, at 04:00 p.m., 21 August 2011
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Fig. 5. ENVI-Met® comparisons of PMV simulation in the two scenarios; x-y view at z = 1.80
m, at 04:00 p.m., 21 August 2011, parameters for PMV of elderly men (70 years old)

6.2  Hourly temperature profile of two selected spots.

To better understand temperature oscillation simulated by ENVI-Met, and in order to
compare the temperature in the different square areas, we selected two different points
located in correspondence of the playground (fig. 6) and of the parking-market (fig. 7).
Furthermore, we plotted an hourly temperature profile among the simulation period,
using temperatures output by the software.

In this focused analysis, Scenario 2 guarantees achieving the best results, in terms
of reduction of UHI phenomenon, in both spot points. Furthermore, it is interesting to
note that the atmospheric temperature decreases in Scenario 2 also in the playground
area, although the design proposal for this zone is the same as Scenario 1. In other
words, the simulation showed that increasing shading surfaces allowed reducing the
atmospheric temperature throughout the project area, improving the urban microcli-
mate also in the zone not directly involved in the regeneration actions.
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Fig. 6. Hourly temperature profile of the selected spot situated in the playground area, at z = 1.80
m, at 04:00 p.m., 21 August 2011



Temperature °C
3

LEILTLTITILTLLFLFLLLL LTSS L LSS
ANEENZNCEEN SN\ SRS\ EN S HEN NN EEN NG BN N SN S B SO S Y
21 August 2011
Base case Scenariol ~ —@— Scenario 2

Fig. 7. Hourly temperature profile of the selected spot situated in the market area, at z = 1.80 m,
at 04:00 p.m., 21 August 2011

Conclusions

As mentioned above, in recent decades, urbanization and regional climate changes have
been occurring rapidly on a worldwide scale. Of the many aspects that are influencing
the quality of urban life, one of the most essential aspects is that of the microclimate of
urban areas. In these circumstances, the value of the UHI has probably increased due
to a variety of factors (building features and materials; more traffic and industrial ac-
tivities; higher energy consumption, etc.). Accordingly, UHI mitigation strategies have
been implemented in various sustainable cities around the world [15].

These strategies include identifying opportunities for urban greening, following the
concept of the resilient and adaptive public spaces, which contribute to the improve-
ment of urban environmental quality. Further, the creation of new green spaces and
corridors promotes the image of the city and contributes improving the lives of its citi-
zens. When a public space needs to be renovated anyway, measures against heat accu-
mulation can be combined with other measures that are necessary to improve the social,
physical or economic condition [16].

Our study shows how it is possible to redevelop the urban space, using technological
solutions that are actually able to improve the microclimate, reducing the atmospheric
temperature and the PMV index, but also change its spatial and geometric configura-
tion. Sample technological solutions (as repaving with cool materials, green and blue
infrastructures, shading devices) can be implemented in a systemic way and stand a
good chance of reducing the ill effects attendant upon the occurrence of UHI in the built
environment. Finally, the possibility to use simulation tools allows the designers and
the Public Administrations to know exactly the achievable results of these strategies.
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