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Abstract

Understanding citizens’ environmental perception is a crucial issue to improve outdoor environmental and
landscape quality. This paper is aimed at investigating the perspective of travelling citizens about local
microclimate conditions in a transportation open-air hub of an urban district in central Italy, to propose
effective mitigation strategies. Therefore, a survey was submitted to pedestrians while crossing the area to
understand their actual perception of visual-thermal-acoustic conditions characterizing the outdoor
environment, with varying weather and personal characteristics. Simultaneously, the continuous in-situ
monitoring of the main environmental parameters was performed. Finally, the benefits generated by selected
microclimate mitigation and landscape improvement strategies were quantitatively assessed by means of
validated microclimate district models. Results of the field survey highlighted the minor tolerance of the
local environment by local citizens compared to tourists, especially those coming from denser and more
polluted cities. Moreover, the simulations confirmed the capability of selected microclimate mitigation
strategies to improve pedestrians’ outdoor thermal comfort conditions in summer, without winter penalties.
In particular, the vegetation increase, according to pedestrians’ request for additional green areas, combined
to other solutions for sustainable landscape change, showed the most significant impact in summer

overheating mitigation and urban resilience to anthropogenic climate change.

Keywords Urban Heat Island; Microclimate mitigation; Outdoor comfort; Human perspective; Continuous

monitoring; Population survey; Urban resilience.

1. Introduction

Urbanization represents the most visible and pervasive modification to the Earth system accomplished by

man (D. Zhou, Zhang, Li, Huang, & Zhu, 2016). In last decades, people moved to live and work in cities
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and, in 2014, 54% of the world’s population was residing in urban areas (United Nations, 2014). In 2007, for
the first time in history, the global urban population exceeded the global rural population, and, thereafter, the
world population has remained predominantly urban (United Nations, 2014). Various environmental issues
can be associated to urbanization, such as air pollution (Clifford, Lang, Chen, Anstey, & Seaton, 2016;
Knibbs, Cole-Hunter, & Morawska, 2011) and noise pollution, mainly due to the road traffic noise (Lipfert
& Wyzga, 2008; Meng & Kang, 2016), in urban areas and climate change (Oke, 1982; Souza, Alvala, &
Nascimento, 2016). In particular, the knowledge about the role played by urbanization in the Earth-climate
system processes is incomplete (Shepherd & Shepherd, 2005). Recently, several studies have focused on the
mutual connection between urban environment and climate system, namely how land cover is linked to
climate change and weather (Arnfield, 2003; Emmanuel & Fernando, 2007; Rosenfeld, Akbari, Romm, &
Pomerantz, 1998; Taha, 1997). Landscape alteration through urbanization involves the transformation of the
radiative and aerodynamic characteristic of the land surface and results in change of the water cycle and
planetary boundary layer (Arnfield, 2003).

Accordingly, with more people living in urban areas than in rural areas, urban open spaces become
increasingly important. Therefore, urban spaces, such as squares, green spaces, or parks can provide
environmental, ecological, social, and economic benefits to cities and are indispensable for healthy urban
living (Nouri & Costa, 2017). The greatest problem of urban areas associated to climate change is the urban
heat island (UHI) effect (Akbari et al., 2016). Urban heat islands refer to higher air temperatures in urban
areas compared to their rural surroundings. Firstly documented in 1883 (Howard, 1883), this phenomenon is
the most validated phenomenon of climate change associated to urbanization (Akbari & Kolokotsa, 2016).
Oke (Oke, 1988) suggested that the annual mean air temperature of a city with one million or more people
can be 1 K to 3 K warmer than its surroundings, and on a clear, calm night, this temperature difference can
be up to 12 K. UHI is the mutual response to many controllable and uncontrollable factors, which could be
clustered as (i) temporary effect variables, such as air speed and cloud cover (Hsieh & Huang, 2016), (ii)
permanent effect variables, such as green areas, building and urban materials and geometry, and sky view
factor (Synnefa, Dandou, Santamouris, Tombrou, & Soulakellis, 2008; Zoulia, Santamouris, & Dimoudi,
2009), and (iii) cyclic effect variables, such as weather conditions, solar radiation, and anthropogenic heat
sources (Taha, 1997). Although the effect often decreases with city size, even smaller cities are affected by
the heat island phenomenon (Castaldo, Pisello, Pigliautile, Piselli, & Cotana, 2017; Vardoulakis, Karamanis,
Fotiadi, & Mihalakakou, 2013) also exacerbated by heat waves (Pyrgou, Castaldo, Pisello, Cotana, &
Santamouris, 2017; A. Pyrgou, Castaldo, Pisello, Cotana, & Santamouris, 2017). In fact, in urban areas, open
land and vegetation are replaced with buildings, roads, and other infrastructures. Therefore, surfaces turn
from permeable to impermeable, dry and with low solar reflectance (Emmanuel & Fernando, 2007). The
same authors performed outdoor microclimate monitoring in different areas of the case study small-sized
historical city, i.e. Perugia, in Italy (Castaldo et al., 2017). Results showed up to 5 °C air temperature

increase in the historical urban neighborhood during nighttime with respect to the suburban green area.
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Moreover, the newly developed urban neighborhood, where the case study area investigated in the present
study is located, was found to be up to 2 °C hotter compared to the same suburban area.

The associated urban overheating during summer can significantly affect outdoor environment and,
therefore, quality of life. In fact, high summertime temperatures in urban areas deteriorate the outdoor
comfort conditions and produce negative effects on citizens health, increasing the stress to vulnerable
populations (Santamouris et al., 2017). Moreover, the increase of ambient temperatures increases the energy
demand for cooling, adding pressure to the electricity grid during peak periods of demand (Andri Pyrgou et
al., 2017). Therefore, examining the urban microclimate is really important to establish the life quality of an
urban context and to act against urban overheating (Busato, Lazzarin, & Noro, 2014; van Hove et al., 2015).
Since ancient times, suitable public spaces have been designed to make cities attractive and livable. In order
to counteract the impact of urban warming, specific mitigation and adaptation technologies have been
proposed by the scientific community (Norton et al., 2015). The two major clusters of promising mitigation
technologies are cool materials, i.e. characterized by high solar reflectance and high thermal emittance
capability aimed at decreasing the absorption of solar radiation in the urban environment (Rosso et al., 2015;
Santamouris et al., 2017), and green infrastructures, i.e. aimed at increasing evapotranspiration and shading
in the urban environment (Gunawardena, Wells, & Kershaw, 2017; Hoelscher, Nehls, Janicke, & Wessolek,
2016; Rahman, Moser, Rétzer, & Pauleit, 2017). The role of vegetation, e.g. parks, green roofs, vertical
greeneries, etc., is to reduce the temperature gap between urban and surroundings areas. Considering that
pavements constitute over 30% of typical urban areas (Akbari & Matthews, 2012) and most of these surfaces
are either paved with asphalt or cement, they represent suitable urban components to be modified by
implementing green or cool materials (Salata, Golasi, Vollaro, & Vollaro, 2015). Focusing on street
greenery, Klemm et al. (Klemm, Heusinkveld, Lenzholzer, & van Hove, 2015) demonstrated its clear impact
on outdoor thermal comfort from a physical and psychological perspective in moderate climates, by creating
thermally comfortable and attractive living environments. Similarly, in Mediterranean climate, Saaroni et al.
(Saaroni, Pearlmutter, & Hatuka, 2015) showed a largely favorable perception of thermal comfort among
individuals in urban parks due to their satisfaction with the park aesthetic attractiveness and in fact its very
existence. When considering urban green infrastructures, Derkzen et al. (Derkzen, van Teeffelen, & Verburg,
2017) investigated people’s views on climate change adaptation and benefits deriving from such strategies in
temperate climate. Morakynio et al. (Morakinyo, Kalani, Dahanayake, Ng, & Chow, 2017) focused on the
role of green roofs for outdoor temperature and cooling demand reduction in various climates and with
different urban densities. Results of numerical analysis showed that green roofs are mainly effective in hot-
dry climate, while the least efficiency was found in the temperate climates. Instead, in hot-humid climate,
Morakynio et al. (Morakinyo, Lai, Lau, & Ng, 2017) demonstrated that the greening of 30-50% of facades in
high-density urban settings can potentially produce daytime pedestrian thermal comfort improvement by at
least one thermal class.

Accordingly, one of the main aims of outdoor microclimate mitigation strategies is to improve pedestrians

comfort perception and living quality (Acero & Herranz-Pascual, 2015; Chen & Ng, 2012; Lee, Mayer, &
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Chen, 2016). Current research works aim at providing information about appropriate microclimate
interventions to improve pedestrians’ comfort to be used by urban designers (Huang, Li, Xie, Niu, & Mak,
2017). Studies have demonstrated that human outdoor thermal perception and well-being is affected by both
meteorological and morphological factors (Jamei & Rajagopalan, 2017) and personal characteristics, i.e.
anthropometric variables (Kruger & Drach, 2017), income (Scopelliti et al., 2016), and personal background
(A.L. Pisello et al., 2017). Nouri and Costa (Nouri & Costa, 2017) investigated, through coupled
experimental and numerical analysis, the principal microclimatic risk factors that can affect pedestrian
thermal comfort within a square and how they can be translated into opportunities for public space design.
On the other hand, Chatzidimitrioua and Yannas (Chatzidimitriou & Yannas, 2016) studied the influence of
specific urban morphologies and design parameters, e.g. street and building geometry, landscape elements,
etc., on pedestrian thermal comfort in cities in summer. The high impact of trees and soil humidity and the
contrasting effects of pavement albedo was specifically highlighted. Switching to mitigation strategies,
Kleerekoper et al. (Kleerekoper, Taleghani, van den Dobbelsteen, & Hordijk, 2017) compared the effect of
different urban modifications on pedestrians’ thermal comfort in terms of PET. They found that strategies
influencing wind speed and mean radiant temperature can lead to large temperature effects, yet localized. On

the contrary, strategies influencing air temperature and relative humidity are effective on a wider scale.

2. Purpose of the study

Based on the outlined background, the purpose of the present work is to investigate (i) the local microclimate
in a passage area located in the case study urban district and, (ii) the perception of the pedestrians travelling
in the area about the quality of the surrounding outdoor environment. Therefore, the aim is to select the most
appropriate microclimate mitigation strategies for the case study area. To this aim, a combined experimental
and numerical approach involving in-situ monitoring campaigns, questionnaires submission to the

pedestrians, and microclimate simulations is used to:

e assess personal characteristics mostly affecting perception of travelling citizens about the local
environmental conditions of the surrounding environment. The so-defined “travelling citizens” are
pedestrians crossing the case study area, considered as a public hub in the city. They are meanly
travelers, commuting people or locals moving through logistic nodes of the public transportation
network in the urban area;

e correlate pedestrians’ perceptions about visual, thermal, acoustic, and air quality of the urban area,
gathered by means of dedicated questionnaires, with the environmental parameters measured in-situ;

o select the most appropriate mitigation strategies for the case study urban area, according to the
citizens’ perspective and existing knowledge;

e evaluate the yearly outdoor microclimate benefits deriving from the application of the selected

mitigation strategies in the area compared to its current configuration through numerical analysis.
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The perspective of citizens travelling toward a new city or through their own city was selected as original
contribution of the work and by considering that this citizenship category is mostly affected by landscape
and outdoor microclimate conditions. Therefore, mitigation strategies and urban design play a key role in
enhancing urban resilience to climate-change hazards, since it may be indeed hugely responsible for their
wellbeing and for driving their decision making process (Taylor, 2017; M. Zhou et al., 2015).

3. Description of the case study

The case study area (Figure 1), named Fontivegge, is located in the South-West part of the city of Perugia,
Italy (43°10°45” N, 12°37°50”E) and it hosts the train and bus station hub of the city. Perugia is a medium
size city located in central Italy with about 165000 inhabitants and it is characterized by a typical
Mediterranean climate, with mild and warm temperatures during spring and fall. Summer season is usually
hot, humid, and characterized by low precipitation rate, whereas winter tends to be mild-to-cold and wet with
isolated phenomena of low temperatures and snowfall. Most rainfall occurs in spring and fall, in particular
during the months of November and April. The selected area within the city is important due to the presence
of the city main railway station and urban sky-train connecting the station to the city center on one side and
to the suburbs on the other side. The projects of master plans of 60’s and 80’s influence even today the area
distribution. In fact, in the area there are mostly 70’s residential buildings and offices, in addition to a square
located on the North of the station. Furthermore, this area is the core of urban infrastructures. Besides sky-
train and railway stations, there are three bus stops in the area: one in front of the railway station, one in front
of the square, and a third one next to the urban sky-train stop. Therefore, the area is a passage zone,
continuously crossed by citizens and tourists moving in/out the urban district during the whole day. For this
reason, the selected case study area is almost completely paved or asphalted. Accordingly, the zone lacks of

green areas, which are just a few and relatively small.
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Figure 1. Case study area as seen from Google Earth.

4. Methodology

In order to evaluate (i) travelers’ comfort levels, (ii) the urban heat island intensity, and (iii) the effectiveness

of the selected mitigation techniques, the following steps were carried out:

e experimental continuous in-situ monitoring of the main local microclimate parameters;

e in-situ survey campaign by means of questionnaires to pedestrians crossing the area;

o validated microclimate simulation of the case study urban area and comparative analysis of
microclimate mitigation scenarios;

e results analysis and comparison.

Figure 2 shows a scheme of the implemented methodology.
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Figure 2. Scheme of the applied methodology.

4.1. Experimental in-situ continuous monitoring

To experimentally characterize the local microclimate in the case study area and validate the numerical
model, an in-situ continuous monitoring campaign was carried out during some days in spring and summer
2016. Different monitoring setups were used during the experimental campaign (Figure 3), i.e. portable
microclimate stations coupled with local weather stations. Most of the data were acquired thanks to portable
stations based on Wireless Sensor Network (WSN) technology. Nevertheless, a separate thermo-hygrometer
TGP-4500 and an albedometer were used for further data acquisition. Additionally, measurements by means
of infrared camera were carried out during days with peak summer conditions to assess the superficial
temperature of outdoor pavements (highlighted area in Figure 3b). Therefore, the main environmental
parameters, namely air temperature [°C] and relative humidity [%], surfaces temperature [°C], illuminance
[lux], global solar radiation [W/m?], reflected radiation by pavements [W/m?], CO. concentration [ppm],
wind speed [m/s] and main direction [°] were measured in the case study area (black dots in Figure 3b). The
continuously monitored data, aimed at validating the numerical model, were collected from 9:00 a.m. to 6:00
p.m. during summer days. Moreover, air temperature and relative humidity were measured through a
separate sensor during 24 hours in another point of the area (Figure 3a on the top left and white dot in Figure
3b). These data, in addition to wind speed and wind direction, were used as input for the numerical model for
being calibrated. The thermo-hygrometers were shielded from the solar radiation thanks to polystyrene semi-

circular screens to avoid sensor overheating and measurement corruption.
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Figure 3. In-situ monitoring equipment: (a) monitoring setup and (b) monitoring stations location.

4.2. Experimental in-situ survey campaign

Data related to personal characteristics and perception about the local thermal comfort, air pollution, and
noise pollution levels were collected from pedestrians while crossing the area with the aim of correlating the
local microclimate conditions with the pedestrians’ perceptions. Moreover, personal and external parameters
affecting pedestrians’ sensations were evaluated. Therefore, tailored questionnaires were submitted to 367
persons crossing the area (Figure 4), i.e. travelling and moving through the nodes of the public transportation
connection urban area. More in detail, the questionnaires were submitted to those pedestrians during
different seasons, i.e. spring (102), summer (181), and winter (84), by paying particular attention to the data
collected during periods characterized by extreme summer temperatures in consecutive days. The
guestionnaires were designed according to existing examples in literature (Huebner, Cooper, & Jones, 2013;
Santamouris et al., 2014), in order to consider possible environmental parameters and personal
characteristics affecting pedestrians’ thermal comfort and air/noise pollution perception. Among key
personal characteristics, information about age, gender, height, weight, origin, and time of stay were asked to



203  the respondents. Moreover, the citizens were investigated about the preferable mitigation strategies to be
204  designed in the area to improve the local environmental and landscape condition or the energy and security

205  efficiency. In particular, the following strategies and technologies were proposed:

206 e increase of greenery, i.e. grass-land and trees;

207 e PV tech-trees;

208 e air purification systems;

209 e S.0.S. stations, i.e. multimedia stations operating as help and information points for the people in the
210 area.

211 In addition, respondents could propose their own ideas or suggestions. The data requested through the

212 questionnaire are summarized in Table 1.

213
214 Figure 4. Survey among pedestrians in various seasons.

215  Thereafter, the collected data were statistically analyzed and compared by dividing them as:

216 o Independent variables (IVs): respondents’ personal characteristics and environmental data;

217 e Dependent variables (DVs): respondents’ answers concerning personal perceptions and sensations.

218  Firstly, the sample distribution was analyzed to assess its composition and to verify the representativeness of
219  the collected data. Therefore, the monitored environmental parameters and the moving pedestrians’ answers
220 in terms of comfort levels were correlated. Linear regression analyses were carried out to study the
221 dependence of DVs on IVs. In particular, the influence of each considered independent variables on comfort
222 levels was defined as statistically significant or not significant by considering a confidence interval of 95%
223 and asignificance level of 0.05 (J.Kiefer, 1977).

224 In order to evaluate which parameters mostly influence pedestrians’ comfort perception, the DVs collected

225  through the questionnaire procedure were statistically analyzed and correlated to:

226 e respondent’s origin and visiting time;
227 o personal physical characteristics;

228 e survey period (i.e. season).
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The number of respondents was verified to be consistent with the number of users of the area and the number

of considered variables (Austin & Steyerberg, 2015; Cappa, Laut, Nov, Giustiniano, & Porfiri, 2016).

Furthermore, the composition analysis (Figure 5) showed that the sample was balanced in terms of gender,

while the most of respondents were (i) shorter than 1.70 m with weight between 50 and 65 kg, accordingly,

and (ii) middle aged, i.e. between 20 and 40 years old. Moreover, the most of respondents were from

Perugia, Italy, i.e. the case study city. Finally, the survey showed that most of the citizens crossed the case

study area mainly during lunch time and spent less than 15 minutes there.

Table 1. Information asked to pedestrians by means of questionnaires and values assigned to the DVs.

INFORMATION TYPE DATA

OPTIONS

VALUES

Personal information Date

Time

Age

<20 years old
20 < years old < 40
40 < years old < 60
> 60 years old

Gender

M
E

Height

<1.70m
1.70<m<1.80
1.80<m<1.90
>1.90m

Weight

50<kg<65
65 <kg <280
> 80kg

Clothing

Spring clothing
Summer clothing
Winter clothing

Origin

Perugia
Umbria region
Other

Long-time visit

< 15minutes
15 < minutes < 30
30 < minutes < 45
> 45 minutes

Thermal comfort Perception

Cold
Cool
Neutral
Warm
Hot

Comfort

Very comfortable
Slightly uncomfortable
Neutral

Uncomfortable

Very uncomfortable

Tolerability

Perfectly tolerable

Slightly difficult to tolerate
Fairly difficult to tolerate
Intolerable

Absolutely intolerable




237

Air pollution

Perception

Very polluted

Polluted

Slightly polluted
Pollution-free
Absolutely pollution-free

Comfort

Very comfortable
Slightly uncomfortable
Neutral

Uncomfortable

Very uncomfortable

Tolerability

Perfectly tolerable

Slightly difficult to tolerate
Fairly difficult to tolerate
Intolerable

Absolutely intolerable

Noise pollution

Perception

Very polluted

Polluted

Slightly polluted
Pollution-free
Absolutely pollution-free

Comfort

Very comfortable
Slightly uncomfortable
Neutral

Uncomfortable

Very uncomfortable

Tolerability

Perfectly tolerable

Slightly difficult to tolerate
Fairly difficult to tolerate
Intolerable

Absolutely intolerable

AP OWONRPOPRRWONPOORLPNWRARIPWONPOPRPWONEPOORPNWDS

Design of the area

Preference

Additional greenery
PV tech-trees

Air purification systems
S.0.S. stations

Others
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Figure 5. Survey sample composition.

4.3. Microclimate modeling

The numerical simulations were performed through ENVI-met V4, i.e. a three-dimensional validated
microclimate modeling system (Bruse & Fleer, 1998). Such tool is the most suitable for carrying out urban
canopy microclimate simulations for its high accuracy in space allowed by the use of the orthogonal
Arakawa C-grid numerical discretization scheme. Moreover, the software allows to model both short and
long-wave radiation and to determine the outdoor air temperature and relative humidity based on the
calculated 3D wind field and sensible heat and vapor sources or sinks. The model of the wind field is based
on the Reynolds-averaged non-hydrostatic Navier-Stokes equations (RANS), which are solved for each grid
in space and each time step of the simulation. The heat interchanged by built surfaces with atmosphere is
also considered. Additionally, all the thermo-physical properties of the building components are taken into
account in the calculations (i.e. thickness, solar reflectance, thermal emissivity, absorption capability,
transmission capability, heat transfer coefficient, and heat capacity). The calculation of fagcades surface
temperature is based on a 3-node transient state model, and the finite difference method is used to solve
partial differential equations.

Finally, turbulence in the air is considered thanks to the Turbulence Kinetic Energy (TKE) model describing
the distribution of kinetic energy and its dissipation rate.

For the present study, a preliminary reference model (i.e. Scenario 0) representing the current configuration
of the case study area was elaborated and validated through the collected experimental data. Therefore, the
model of the case study area was used as a baseline for the microclimate analysis. Starting from Scenario 0,
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multiple strategies for the mitigation of the local urban microclimate and the redevelopment of the area were
proposed and additional scenarios (i.e. Scenarios 1-5) were elaborated. The main strategies were considered
according to the Public Authority in charge of the landscape improvement of the studied area, for both
touristic and safety issues. They concern the modification of the amount of vegetation and albedo of coating
materials (Table 2) and the implementation of renewable energy systems, included into the questionnaire

submitted to pedestrians. The five mitigation scenarios were developed as follows:

e Scenario 1: inclusion of cool materials in the pavements;

e Scenario 2: conscious increase of greenery in the area;

e Scenario 3: inclusion of PV tech-trees (eight modules);

e Scenario 4: inclusion of photovoltaic asphalt in the roads;

e Scenario 5: combination of the above-mentioned strategies, including cool pavements, vegetation

increase, and PV tech-trees (seven modules).

The realistic urban morphology of the case study area and the surrounding buildings were implemented into
the model and considered in the calculations. In fact, both the nearby buildings and the urban configuration
can considerably affect the local microclimate parameters especially in terms of wind speed and direction, as
well as sky-view factor (Anna Laura Pisello, Castaldo, Taylor, & Cotana, 2016). Therefore, a grid based on a
matrix of 159x159 cells on the horizontal plane and with 30 cells high was elaborated to build the model
(Figure 6). The horizontal and vertical spacing among the calculation points were of 2 m and 3 m,
respectively. In this way, a 318 mx318 m horizontal and 90 m vertical real space was simulated, for a total
modeled area equal to more than 100000 m?. With this pattern size, a space equal to twice the height of the
tallest building was modeled between the study area and the edge of the map. Additionally, 10 nesting grids
were added on each side. The addition of nesting grids allows improving the stability of the mathematical
models used by the microclimate simulation tool, by avoiding outliers in final results (Castaldo et al., 2017).
Afterwards, the ground elevation map, the type of soil, and the geographical position, the height, and the
main materials of the buildings were inputted to the model. Moreover, the characteristics of the vegetation
were defined thanks to the dedicated ENVI-met model (Morakinyo, Kong, Lau, Yuan, & Ng, 2017). The
ground elevation was discretized with a stepped profile, since ENVI-met does not allow to model sloping
surfaces. It must be pointed out that the grid sensitivity and model dimension were selected in order to
balance the simulation effort in terms of computational time and accuracy of the results, which were
validated by means of the in-situ collected experimental data as already mentioned.

In this case study, clay tiles sloped roof, concrete flat roof, and concrete walls were used. Glass walls were
modeled in buildings characterized by large fenestrated areas. Regarding pavements profiles, the reference
scenario has a high percentage of surfaces covered by asphalt, in addition to a small permeable surface and
other low-albedo pavements. Trees of type Acer Negundo were used to represent the trees alongside roads

presenting a LAD profile of 2 with a foliage albedo equal to 0.5, while grass was used in the parts with low-
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height vegetation. In general, 175 Acer Negundo trees were modeled. Every tree occupies 241 m?, therefore
the volume occupied by trees is equal to 0.46%.

As concerns the mitigation scenarios, the following landscape modifications were implemented in each
scenario (Figure 7):

e Scenario 1: increase of the pavements albedo in front of the train station, i.e. up to 0.7 and 0.8 in
vehicular and pedestrian areas, respectively;

e Scenario 2: increase of the number of trees, i.e. Acer Negundo, in front of the train station and,
therefore, implementation of natural sandy soil in that area;

e Scenario 3: inclusion of eight photovoltaic trees within the area modelled as single horizontal
surfaces with a specific albedo of 0.08, which simulates the superficial optical properties of a
common PV panel;

e Scenario 4: replacement of the reference pavement with the photovoltaic one in front of the train
station, characterized by an albedo of 0.08;

e Scenario 5: suitable combination of the above-mentioned strategies, as summarised in Table 2.

The time step for the simulations was defined in order not to have turbulence issues. Therefore, the
simulation was initialized during the night, i.e. weak turbulence conditions, and the duration of each
simulation was 48 hours, to provide 24 hours of training stage to the model (Zhang et al., 2017). The input
data were daily average values for wind speed and direction, while air temperature and relative humidity
values were provided on an hourly basis. The “Simple Forcing” ENVI-met tab allows to enter hourly values

for the first 24 hours, after that the software continues running without forcing.

90 m

Figure 6. ENVI-met model of the case study area.



317 Table 2. Simulated reference and mitigation scenarios for the case study area.

SCENARIO 0 1 2 3 4 5
Amount of vegetation 21.93% 21.93% 23.82% 21.93% 21.93% 22.51%
High albedo surface (0.8) - 4.07% - - - 4.07%
High albedo surface (0.7) - 2.53% - - - 2.53%
Concrete surface 5.01% 5.01% 5.34% 5.34% 5.34% 5.01%
6.60%
PV asphalt - - - - -
(250kWp)
PV trees - - - 7.20kWp - 6.30kWp
318
Scenario 0 I Scenario 1 Scenario 2
B, [ N
Scenario 3 Scenario 4 Scenario 5
I, B,
Legend |Surface covering Albedo |Emissivity |[Legend |Surface covering Albedo |Emissivity
Colour |typology Colour |typology
Asphalt Road 0.1 0.9 Granit Pavement 0.4 0.9
Sandy Soil 0.0 0.9 Granit Pavement 0.5 0.9
Smashed Brick 0.3 0.9 Granit Pavement 0.8 0.9
Concrete pavement grey |0.4 0.9 Granit pavement 0.7 0.9
319 Brick Road, red stone 0.3 0.9 PV asphalt road 0.08 0.9
320 Figure 7. Landscape modification in each mitigation scenario.
321 4.4. Simulation results analysis

322  To assess the performance of outdoor microclimate mitigation strategies, the simulation results for the
323  different scenarios were compared in terms of the main environmental parameters. In particular, air
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temperature and relative humidity in the area, outdoor surfaces temperature, mean radiant temperature, and
wind speed were considered. Moreover, two outdoor thermal comfort indexes, i.e. PET and MOCI, were
evaluated within the investigated area. For the present analysis, only area influenced by the local
microclimate mitigation strategies was investigated, i.e. smaller compared to the whole modeled area (as
shown in the following section 5.2). Simulations were performed in both hot and cold weather conditions,
i.e. during a summer and a winter day. However, results were mainly focused on summer analysis, since
mitigation strategies were designed with the aim of counteracting summer overheating related issues.

The PET (Physiological Equivalent Temperature) (Hoppe, 1999) is defined as the air temperature in a
standardized indoor setting at which the heat balance of the human body is balanced at the same core and
skin temperature as under the outdoor conditions being assessed. It is based on the Munich Energy-balance
Model for Individuals (MEMI). On the other hand, the MOCI (Salata, Golasi, de Lieto Vollaro, & de Lieto
Vollaro, 2016a) is a recently developed thermal index specifically elaborated for the evaluation of
Mediterranean outdoor areas. It defines the mean vote expressed by Mediterranean people to judge the
thermal quality of an outdoor environment. This index is based on the ASHRAE 7-point scale and is

expressed as follows (Eq. (1)):
MOCI = —4.068 — 0.272 - ws, + 0.005 - RH + 0.083 - MRT + 0.058-T + 0.264 - I, Q)
where wind speed (ws), relative humidity (RH), mean radiant temperature (MRT), air temperature (T), and

clothing insulation (l¢) are the parameters affecting the MOCI index value.

Previously, the accuracy of the model was verified by comparing the predicted (P) and observed (O) values
of the above mentioned environmental parameters. Additionally, validation indexes frequently adopted for

the evaluation of such models were calculated. Such indexes are the following:

— Mean Bias Error (MBE), which describes the bias between predicted and observed values and is
defined as in Eq. (2):

MBE = N713N (P, — 0)) (2)

— Systematic Root Mean Square Error (RMSEs), which is the RMSE due to model construction and
should approach zero. The index is defined by Eq. (3):

RMSE, = JN—l SR -0)° (3)

where B, is the predicted variable according to the least-squares regression, b, =a + b - 0; .

— Unsystematic Root Mean Square Error (RMSE,), which is equal to the difference between RMSE
and RMSE:.

—  Willmott index of agreement (d) (Willmott, 1982), which represents a descriptive measure varying

between 0 and 1 and is defined as in Eq. (4):
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where P'; = P,— Oand 0'; =

5. Discussion of the results

5.1. Experimental social campaign

0,— 0.

(4)

In the analysis of survey results, the personal characteristics of respondents and the survey period were set as

Independent Variables (IVs), while participants’ answers in terms of thermal comfort, air pollution, and

noise pollution were considered as Dependent Variables (DVs). The travelling pedestrians’ perception,

comfort, and tolerability of thermal conditions, air pollution, and noise pollution were investigated.

Additionally, the perspective of the respondents about possible design strategies aimed at improving the

surrounding environment in the passage area were asked. As previously mentioned, the considered

confidence interval (CI) for each analysis was set as 95%.
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Figure 8. Influence of survey period and long-time visit (IVs) on respondents’ thermal comfort (DV).
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Thermal comfort was the first investigated DV (Figure 8). The IVs showing a significant impact on its
perception, tolerability, and comfort level were the survey period, in terms of season and time of the day.
Moreover, the long-time visit (1) showed a significant impact only on tolerability. More in detail, in spring
participants were closer to a neutral thermal sensation, while in summer the thermal perception was the
farthest from the neutral sensation. Accordingly, in spring, about the 68% of participants replied “neutral” to
question “What is your thermal perception?”, while in summer, around the 75% of participants considered
uncomfortable or very uncomfortable the thermal conditions. As expected, in summer, the time of the day
with the highest thermal discomfort was 12:00 p.m. - 2:00 p.m. On the contrary, the time period 12:00 a.m.-
2:00 p.m. was one with most comfortable conditions in winter. Nevertheless, in all assessed seasons the
thermal tolerability was found to increase with increasing long-time visit, thanks to the human body
adaptation capability, which is rarely achievable during short stays.
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Figure 9. Influence of survey time and respondents’ origin (IVs) on noise pollution perception (DV).

Afterwards, the noise pollution (DV) of the case study area was investigated (Figure 9). The 1Vs showing a
significant impact on noise pollution perception, tolerability, and comfort were the survey time period and
participants’ origin. In particular, the noise pollution perception was found to be lower during morning, i.e.
10:00 a.m. - 12:00 p.m. Accordingly, about the 36% and 53% respondents considered intolerable or very
intolerable the noise pollution during late morning (12:00 p.m. - 2:00 p.m.) and early afternoon (2:00 p.m. -
4:00 p.m.), respectively, when car traffic is denser in the studied area. As regards the influence of
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participants’ origin, citizens living in the case study city and region consider the area more polluted and less
tolerable and, therefore, less comfortable than foreign people, i.e. coming from probably noisier and more
polluted areas.

Finally, air pollution was investigated as DV (Figure 10). The IVs showing a significant impact on its
perception, comfort, and tolerability were again the survey time period and participants’ origin. However, the
air pollution perception was found to be lower during early and late morning, i.e. 10:00 a.m. - 2:00 p.m. In
fact, during afternoon, 32-45% of respondents found the air pollution in the area intolerable or very
intolerable. Concerning respondents’ origin, results were consistent with the noise pollution analysis, since
local citizens were shown to be stricter about the air pollution perception and tolerability in the case study
area. Foreign respondents, indeed, appear to be used to even worst environmental conditions. Also, the
reason for the pedestrians’ transit in the area, e.g. working-day schedule vs. holiday, can play a significant

role in influencing their comfort perception.
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Figure 10. Influence of survey time and respondents’ origin (IVs) on air pollution perception (DV).

After assessing their sensations about the case study area, participants were asked to give their preferences
about the mitigation strategies to be possibly implemented in the case study passage area to improve its
environmental perception through participated landscape design techniques. In particular, strategies aimed at
improving local microclimate and air pollution, the security, the esthetical value, or the renewable energy
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production in the area were proposed. All the proposed technologies were favorably judged by more than
half of the respondents, as depicted in Figure 11. Nevertheless, the analysis of personal preferences results
showed that almost all participants would appreciate additional greenery in the area, which is able to improve
both the environmental conditions and the esthetical value of the area. In fact, the perspective of the
travelling pedestrians, who take few minutes to cross the area, is mainly aimed at achieving immediate rather

than long-term benefits.

300+

2004

100+

Respondents [n°]

1 T 1
Greenery PV trees  Air purification S.0.S. stations
systems
Preferences [-]

Figure 11. Pedestrians’ preferences about the design strategies for the case study area.

5.2. Microclimate modeling
5.2.1. Model validation

In order to develop a reliable and representative model of the case study area, the results obtained through
the numerical simulations were compared against the experimentally measured parameters. In particular, five
microclimate variables, i.e. air temperature and relative humidity, global solar radiation, reflected short-wave
radiation, and surface temperature were taken into account. The wind speed was not taken into consideration
during the model validation since ENVI-met uses constant values as input for this variable.

Table 3 presents the average and maximum difference between the measured and the simulated parameters
and the obtained values for the validation indexes MBE, RMSE,, RMSE;, and d. Although discrepancies
were observed between simulation outputs and measured parameters, the values of the indexes were in line
with the validation processes that can be found in literature for ENVI-met models (Salata, Golasi, de Lieto
Vollaro, & de Lieto Vollaro, 2016b). Moreover, the correlation between the predicted and the observed
environmental variables is shown in Figure 12. Good values of the coefficient of determination R? were
obtained for both air and surface temperature (Figurel2a), i.e. 0.63 and 0.91, respectively, and relative
humidity (Figure 12b), i.e. 0.96. Conversely, the accordance between the predicted and the observed values

of global solar radiation and reflected radiation was weaker (Figure 12c). Nevertheless, the coefficient R?
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assumed high values, i.e. 0.92 and 0.86 for global solar and reflected radiation, respectively, because the
linear correlations were affected by the presence of data characterized by different orders of magnitude, i.e.
almost 100 and 1000 W/m?. Therefore, the time trend of observed and predicted incoming global solar
radiation is plotted in Figure 12d. The graph clearly highlights the gap between the two curves. However,
since the version of the software ENVI-met used does not allow to force the incoming solar radiation, these
discrepancies were due to time-dependent overcast sky conditions of the real environment which could not
be reproduced within the model. Taking into account this limitation of the software and the calculated values
presented in Table 3, the model validation was considered acceptable.
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442 Table 3. Experimental validation of the numerical model.

VALUE Aave Amax MBE RMSE. RMSE; d
Air temperature 2.36 °C 419 °C -1.93°C 2.23°C 0.35°C 0.74
Relative humidity 2.81% 557 % 281 % 3.03% 0.20 % 0.95
Surface temperature 2.09 °C 499 °C -1.68 °C 2.39°C 0.18 °C 0.90
Global solar radiation 113.49 W/m?  336.89 W/m? - - - -

Reflected short-wave radiation 133.90 W/m?  200.04 W/m? - - - -

443

444 5.2.2.  Microclimate analysis in summer

445  The microclimate analyses are presented for the hottest monitored summer day, i.e. July 29", 2016. Most of
446  the selected mitigation strategies were specifically designed to face summer overheating. Accordingly,
447  previously reported results of the survey campaign showed that summer was the most uncomfortable season
448  according to pedestrians crossing the case study passage area. Results were analyzed at two different times of
449  the day, namely at 8:00 a.m. and at 2:00 p.m. However, maps representing the distribution of the assessed
450  microclimate parameters in the area are reported only at 2:00 p.m.
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452 Figure 13. Surface temperature distribution in summer at 2:00 p.m.

453  Firstly, the distribution of surfaces temperatures within the area was analyzed. Figure 13 shows the

454  distribution of surfaces temperatures at 2:00 p.m. for the current and the five mitigation scenarios. By
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analyzing the maps, it is possible to notice how the most advantageous configurations in terms of surface
temperature were the green and combined scenarios (i.e. Scenario 2 and 5). Such scenarios generated a drop
in the surface temperature, up to about 9°C and 20°C in the early morning and at midday (Figure 13c and f),
respectively, compared to the reference configuration, i.e. Scenario 0 (Figure 13a). It is also possible to
notice a decreasing of surface temperature when using cool coverings (Scenario 1). Such solution determined
a reduction of the surface temperature with respect to the reference configuration up to 4°C at 8:00 a.m. and
10°C at 2:00 p.m. (Figure 13b). On the other hand, Scenario 3 showed a surface temperature reduction with
respect to the reference configuration of about 2°C and 6°C, in the early morning and at midday (Figure
13d), respectively, while scenario 4 (Figures 13e) showed the same distribution in term of surface
temperature of Scenario 0. As expected, the highest contribution of mitigation strategies in terms of surface

temperature reduction was found when mostly required, i.e. at 2:00 p.m., which is the hottest time of the day.
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Figure 14. Air temperature distribution in summer at 2:00 p.m.

Figure 14 shows the distribution of air temperature at pedestrians’ height, i.e. 1 m from the ground, in the
same summer day at 2:00 p.m. Consistently with the previous results, Scenario 2 and 5 were the best
performing in terms of overheating mitigation potential. In fact, at midday the increase of green areas
generated a temperature decrease of up to 0.9°C (Figure 14c) compared to the current configuration of the
case study urban area, i.e. Scenario 0 (Figure 14a), due to the passive shading of the underlying area and the
active evapotranspiration from the added greenery. In the early morning, instead, the temperature reduction

was slightly dampened up to 0.7°C with respect to Scenario 0. Moreover, Scenario 1 generated a reduction of
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the air temperature of about 0.2°C and 0.4°C at 8:00 a.m. and 2:00 p.m. (Figure 14b), respectively, compared
to the reference scenario, thanks to the reduced solar absorptance of the paved surfaces. Again, Scenario 3
(Figures 14d) and Scenario 4 (Figures 14e) showed almost the same distribution of Scenario 0 in term of air
temperature. This means that the selected renewable energy technologies, i.e. PV tech-trees and PV asphalt,
which were not aimed directly at improving the environmental conditions of the area but at producing clean

energy, did not have a negative effect in terms of local microclimate.
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Figure 15. Mean radiant temperature distribution in summer at 2:00 p.m.

A third variable that significantly influences the thermal perception is the mean radiant temperature. Figure
15 shows that the configuration characterized by the highest values of mean radiant temperature was the
scenario with cool materials, i.e. Scenario 1, where the mean radiant temperature increased up to 0.5°C at
midday (Figure 15b) compared to Scenario 0 (Figure 15a). On the contrary, Scenario 2 (Figure 15c¢) and
Scenario 5 (Figure 15f), where vegetation was increased within the area, showed a decrease of mean radiant
temperature, especially in proximity of the green areas, up to more than 20°C with respect to the reference
scenario. Finally, Scenario 3 (Figure 15d) and Scenario 4 (Figure 15e) presented again negligible differences
compared to Scenario 0 (Figure 15a).

The wind speed distribution maps at 2:00 p.m. are shown in Figure 16. Low variations were noticed during
the course of the day. Scenario 2 and 5, both characterized by a significant vegetated surface percentage,
showed the lowest values even in terms of wind speed. The effect was perceived mainly in the area where

trees are more densely concentrated, but also in the surrounding area. In fact, the presence of trees can
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modify, sometimes even considerably, the wind speed in a certain location, by obstructing its main
directions. In this study, the difference between the configurations with and without the addition of greenery
was up to 0.5 m/s (Figure 16¢c and f). Although mitigating high local flows, this air change reduction
negatively affected the cooling off due to the increase of vegetation. Nevertheless, trees shading and cooling
effect overtopped this phenomenon and provided more thermally comfortable conditions in summer.
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Figure 16. Wind speed distribution in summer at 2:00 p.m.

Finally, Figure 17 shows the distribution of air relative humidity at 2:00 p.m., whose trend is strictly
correlated to the one of air temperature. Therefore, the configurations presenting the lowest air temperature
values, i.e. Scenario 2 and 5 (Figures 17c and f), were those ones characterized by higher values of air
relative humidity. In fact, in such scenarios the increase of surfaces covered by vegetation increased the air
relative humidity, due to vegetation activity in terms of soil evaporation and plants transpiration phenomena.
Nevertheless, discrepancies were mainly perceived in the early morning, due to nighttime activity, while all
scenarios appeared similar at midday (Figure 20). Moreover, the relative humidity variation between the
different scenarios appeared to be negligible, since differences were rather lower than 10 %. Accordingly,
the increase of vegetation is expected not to affect the thermal comfort conditions in the area due to the
occurrence of high relative humidity. The other scenarios presented no differences with respect to the
reference Scenario 0.
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Figure 17. Air relative humidity distribution in summer at 2:00 p.m.

5.2.3. Microclimate analysis in winter

Although the study focuses on strategies for urban overheating mitigation, winter analyses were also carried
out to assess possible year-round effects. Figure 18 reports the air temperature distribution in the case study
area at 2:00 p.m. in a winter day, i.e. December 31%, 2015. Only the modeled scenarios involving local
microclimate mitigation strategies were considered, i.e. Scenario 1, Scenario 2, and Scenario 5. The
comparison against the reference scenario, namely Scenario 0, showed that differences in terms of outdoor
air temperature were negligible. Similar results were found also for the other analyzed parameters. Therefore,

no additional analysis are discussed concerning winter analysis results.
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Figure 18. Air temperature distribution in winter at 2:00 p.m.
5.2.4. Outdoor thermal comfort assessment

Figures 19 and 20 depict the distribution of the analyzed thermal comfort indexes within the case study area
at 2:00 p.m. in the considered summer day, i.e. July 29" 2016, since negligible differences among the
scenarios were found in winter. It can be notice how only the scenarios where additional vegetation was
implemented (Scenario 2 and Scenario 5) experienced a decrease of both indexes, meaning more comfortable
conditions. The effect in terms of PET reduction was mainly perceived at midday (Figure 19), when
temperatures were generally higher in the whole case study area. On the contrary, MOCI variations at 2:00
p.m. (Figure 20) were shorter and significant mainly in confined areas. However, in the early morning the
implementation of greenery allowed the neutralization of MOCI in those points, namely the achievement of
thermally comfortable conditions for the pedestrians crossing the area. According to previous findings, the
other mitigation scenarios did not present significant variations with respect to the reference scenario, i.e.

Scenario 0 (Figure 19a and 20a).
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Based on the above-mentioned results of microclimate simulations, the implementation of additional
greenery in the case study area appears to be the most performing strategy in mitigating summer overheating
and, therefore, improving the travelling pedestrians comfort in terms of thermal conditions and air quality.
Moreover, negligible penalties were observed in winter. Therefore, the most comfortable conditions are
found in the green scenario, Scenario 2, and in the scenario combining all the considered strategies, Scenario
5, which provides also renewable energy production. In fact, the increment of shady zones and permeable
surface and the active evapotranspiration from vegetation allow the decrease of air temperature, mean radiant

temperature, surface temperature, and, therefore, the improvement of comfort indexes. Moreover, the added
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shady zones arrange sun-shelter areas for the travelling pedestrians. On the other hand, the improvements
associated to the cool scenario, i.e. Scenario 1, are generally poor. This effect seems to be associated to the
generation of convective phenomena that cause remixing between cold and hot air in the area. Moreover, the
higher values of reflected radiation associated to cool materials negatively affect the mean radiant
temperature close to the ground, which highly influences comfort indexes. Findings are consistent with the
preferences expressed by the respondents in the survey, who mostly asked for the increment of green areas
and vegetation in the case study area.

6. Conclusions and Future Developments

The present work analyzes the local microclimate and comfort conditions in outdoor pedestrians’ passage
areas within urban districts in temperate climates. In-situ monitoring campaigns, questionnaires to the
travelling and moving pedestrians, and microclimate simulations, were carried out to assess their perception
about the local microclimate conditions of the passage urban area. To this aim, the effects of selected
mitigation strategies on outdoor thermal comfort and air quality perception were investigated. Particular
attention was paid on the assessment of the influence of tailored microclimate mitigation strategies, i.e.
implementation of vegetation and high albedo materials, for urban heat island mitigation.

Firstly, the in-situ monitoring of the main environmental parameters was performed. In the meantime,
personal questioners were submitted to pedestrians, to investigate their perceptions about thermal comfort,
noise pollution, and air pollution while crossing the case study area. Also, external and personal respondent’s
characteristics influencing their comfort conditions were evaluated. Therefore, six different scenarios of the
case study passage area, i.e. current and mitigation scenarios, were simulated, based on the experimental
campaigns. The comparison of all configurations was carried out in terms of outdoor microclimate
parameters and outdoor thermal comfort index, namely PET and MOCI, in both summer and winter
conditions.

Outcomes of the survey campaign among pedestrians, showed that participants find the air pollution and
noise pollution in the case study area generally quite tolerable. However, local citizens were shown to be
stricter about noise pollution and air pollution perception and tolerability, due to non-physical influences. On
the contrary, in summer, around the 75% of respondents considered uncomfortable the thermal conditions, in
particular in the central hours of the day, i.e. 12:00 p.m. - 2:00 p.m. Accordingly, citizens asked for a greener
area, which is able to improve both the environmental conditions and the esthetical value of the urban
passage area with a sudden perception for travelling pedestrians. The results of the numerical analysis were
found to be consistent with such request. In fact, the scenarios with additional vegetated areas, i.e. Scenario
2, and the one combining all the mitigation and renewable energy production strategies, i.e. Scenario 5, are
those ones providing the higher mitigation potential. The additional trees and green surfaces are able to
decrease the air temperature up to about 1°C and the mean radiant temperature up to more than 20°C with

respect to the reference scenario at midday in summer. Therefore, in such scenarios pedestrians comfort
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conditions are improved both in terms of PET, up to 15°C, and MOCI, up to discomfort neutralization in the
areas characterized by greenery implementation. On the other hand, negligible penalties are found in winter.

Future developments of this study may concern the enlargement of the scale of the analysis to include the
major effects related to convection phenomena. In fact, natural convection typically generates the attenuation
of the mitigation strategies effectiveness (in particular in the case of cool materials application). Moreover,
longer simulations, from 24 h analysis to 72 h, could allow more accurate and reliable results. Finally, it
would be appropriate to measure the impact of urban heat island effect in the case study area with respect to

the surrounding areas.

Acknowledgments

Anna Laura Pisello's acknowledgments are due to the “CIRIAF program for UNESCO” in the framework of
the UNESCO Chair “Water Resources Management and Culture”, for supporting her research. The authors
are very grateful to Silvia Biagetti for dedicating time an effort to this project.

References

Acero, J. A., & Herranz-Pascual, K. (2015). A comparison of thermal comfort conditions in four urban
spaces by means of measurements and modelling techniques. Building and Environment, 93(P2), 245—
257. https://doi.org/10.1016/j.buildenv.2015.06.028

Akbari, H., Cartalis, C., Kolokotsa, D., Muscio, A., Pisello, A. L., Rossi, F., ... Zinzi, M. (2016). Local
climate change and urban heat island mitigation techniques — the state of the art. Journal of Civil
Engineering and Management. https://doi.org/10.3846/13923730.2015.1111934

Akbari, H., & Kolokotsa, D. (2016). Three decades of urban heat islands and mitigation technologies
research. Energy and Buildings. https://doi.org/10.1016/j.enbuild.2016.09.067

Akbari, H., & Matthews, H. D. (2012). Global cooling updates: Reflective roofs and pavements. In Energy
and Buildings. https://doi.org/10.1016/j.enbuild.2012.02.055

Arnfield, A. J. (2003). Two decades of urban climate research: A review of turbulence, exchanges of energy
and water, and the urban heat island. International Journal of Climatology, 23(1), 1-26.
https://doi.org/10.1002/joc.859

Austin, P. C., & Steyerberg, E. W. (2015). The number of subjects per variable required in linear regression
analyses. Journal of Clinical Epidemiology, 68(6), 627-636.
https://doi.org/10.1016/j.jclinepi.2014.12.014

Bruse, M., & Fleer, H. (1998). Simulating surface-plant-air interactions inside urban environments with a
three dimensional numerical model. Environmental Modelling and Software.
https://doi.org/10.1016/S1364-8152(98)00042-5

Busato, F., Lazzarin, R. M., & Noro, M. (2014). Three years of study of the Urban Heat Island in Padua:



617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653

Experimental results. Sustainable Cities and Society, 10, 251-258.
https://doi.org/10.1016/j.scs.2013.05.001

Cappa, F., Laut, J., Nov, O., Giustiniano, L., & Porfiri, M. (2016). Activating social strategies: Face-to-face
interaction in technology-mediated citizen science. Journal of Environmental Management, 182, 374—
384. https://doi.org/10.1016/j.jenvman.2016.07.092

Castaldo, V. L., Pisello, A. L., Pigliautile, 1., Piselli, C., & Cotana, F. (2017). Microclimate and air quality
investigation in historic hilly urban areas: Experimental and numerical investigation in central Italy.
Sustainable Cities and Society, 33, 27—44. https://doi.org/10.1016/j.scs.2017.05.017

Chatzidimitriou, A., & Yannas, S. (2016). Microclimate design for open spaces: Ranking urban design
effects on pedestrian thermal comfort in summer. Sustainable Cities and Society, 26, 27-47.
https://doi.org/10.1016/j.5¢s.2016.05.004

Chen, L., & Ng, E. (2012). Outdoor thermal comfort and outdoor activities: A review of research in the past
decade. Cities. https://doi.org/10.1016/j.cities.2011.08.006

Clifford, A., Lang, L., Chen, R., Anstey, K. J., & Seaton, A. (2016). Exposure to air pollution and cognitive
functioning across the life course - A systematic literature review. Environmental Research.
https://doi.org/10.1016/j.envres.2016.01.018

Derkzen, M. L., van Teeffelen, A. J. A., & Verburg, P. H. (2017). Green infrastructure for urban climate
adaptation: How do residents’ views on climate impacts and green infrastructure shape adaptation
preferences? Landscape and Urban Planning, 157, 106-130.
https://doi.org/10.1016/j.landurbplan.2016.05.027

Emmanuel, R., & Fernando, H. J. S. (2007). Urban heat islands in humid and arid climates: Role of urban
form and thermal properties in Colombo, Sri Lanka and Phoenix, USA. Climate Research, 34(3), 241—
251. https://doi.org/10.3354/cr00694

Gunawardena, K. R., Wells, M. J., & Kershaw, T. (2017). Utilising green and bluespace to mitigate urban
heat island intensity. Science of the Total Environment, 584-585, 1040-1055.
https://doi.org/10.1016/j.scitotenv.2017.01.158

Hoelscher, M. T., Nehls, T., Janicke, B., & Wessolek, G. (2016). Quantifying cooling effects of facade
greening: Shading, transpiration and insulation. Energy and Buildings, 114, 283-290.
https://doi.org/10.1016/j.enbuild.2015.06.047

Hoppe, P. (1999). The physiological equivalent temperature - a universal index for the biometeorological
assessment of the thermal environment. International Journal of Biometeorology, 43(2), 71-75.
https://doi.org/10.1007/s004840050118

Howard, L. (1883). The Climate of London (vols. I-11). London: Harvey and Dorton.

Hsieh, C. M., & Huang, H. C. (2016). Mitigating urban heat islands: A method to identify potential wind
corridor for cooling and ventilation. Computers, Environment and Urban Systems, 57, 130-143.
https://doi.org/10.1016/j.compenvurbsys.2016.02.005

Huang, T., Li, J., Xie, Y., Niu, J., & Mak, C. M. (2017). Simultaneous environmental parameter monitoring



654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690

and human subject survey regarding outdoor thermal comfort and its modelling. Building and
Environment, 125, 502-514. https://doi.org/10.1016/j.buildenv.2017.09.015

Huebner, G. M., Cooper, J., & Jones, K. (2013). Domestic energy consumption - What role do comfort,
habit, and knowledge about the heating system play? Energy and Buildings, 66, 626—636.
https://doi.org/10.1016/j.enbuild.2013.07.043

J.Kiefer. (1977). Conditional confidence statement and confidence estimators. Journal of the American
Statistical Association, 72(19), 789-827. https://doi.org/10.1080/01621459.1977.10479956

Jamei, E., & Rajagopalan, P. (2017). Urban development and pedestrian thermal comfort in Melbourne.
Solar Energy, 144, 681-698. https://doi.org/10.1016/j.solener.2017.01.023

Kleerekoper, L., Taleghani, M., van den Dobbelsteen, A., & Hordijk, T. (2017). Urban measures for hot
weather conditions in a temperate climate condition: A review study. Renewable and Sustainable
Energy Reviews. https://doi.org/10.1016/j.rser.2016.11.019

Klemm, W., Heusinkveld, B. G., Lenzholzer, S., & van Hove, B. (2015). Street greenery and its physical and
psychological impact on thermal comfort. Landscape and Urban Planning, 138, 87-98.
https://doi.org/10.1016/j.landurbplan.2015.02.009

Knibbs, L. D., Cole-Hunter, T., & Morawska, L. (2011). A review of commuter exposure to ultrafine
particles and its health effects. Atmospheric Environment, 45(16).
https://doi.org/10.1016/j.atmosenv.2011.02.065

Kruger, E. L., & Drach, P. (2017). Identifying potential effects from anthropometric variables on outdoor
thermal comfort. Building and Environment, 117, 230-237.
https://doi.org/10.1016/j.buildenv.2017.03.020

Lee, H., Mayer, H., & Chen, L. (2016). Contribution of trees and grasslands to the mitigation of human heat
stress in a residential district of Freiburg, Southwest Germany. Landscape and Urban Planning, 148,
37-50. https://doi.org/10.1016/j.landurbplan.2015.12.004

Lipfert, F. W., & Wyzga, R. E. (2008). On exposure and response relationships for health effects associated
with exposure to vehicular traffic. Journal of Exposure Science and Environmental Epidemiology,
18(6), 588-599. https://doi.org/10.1038/jes.2008.4

Meng, Q., & Kang, J. (2016). Effect of sound-related activities on human behaviours and acoustic comfort in
urban open spaces. Science of the Total Environment, 573, 481-493.
https://doi.org/10.1016/j.scitotenv.2016.08.130

Morakinyo, T. E., Kalani, K. W. D., Dahanayake, C., Ng, E., & Chow, C. L. (2017). Temperature and
cooling demand reduction by green-roof types in different climates and urban densities: A co-
simulation parametric study. Energy and Buildings, 145, 226-237.
https://doi.org/10.1016/j.enbuild.2017.03.066

Morakinyo, T. E., Kong, L., Lau, K. K.-L., Yuan, C., & Ng, E. (2017). A study on the impact of shadow-cast
and tree species on in-canyon and neighborhood’s thermal comfort. Building and Environment, 115, 1—
17. https://doi.org/10.1016/j.buildenv.2017.01.005



691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727

Morakinyo, T. E., Lai, A., Lau, K. K.-L., & Ng, E. (2017). Thermal benefits of vertical greening in a high-
density city: Case study of Hong Kong. Urban Forestry & Urban Greening.
https://doi.org/10.1016/J.UFUG.2017.11.010

Norton, B. A., Coutts, A. M., Livesley, S. J., Harris, R. J., Hunter, A. M., & Williams, N. S. G. (2015).
Planning for cooler cities: A framework to prioritise green infrastructure to mitigate high temperatures
in urban landscapes. Landscape and Urban Planning.
https://doi.org/10.1016/j.landurbplan.2014.10.018

Nouri, A. S., & Costa, J. P. (2017). Addressing thermophysiological thresholds and psychological aspects
during hot and dry mediterranean summers through public space design: The case of Rossio. Building
and Environment, 118, 67-90. https://doi.org/10.1016/j.buildenv.2017.03.027

Oke, T. R. (1982). The energetic basis of the urban heat island. Quarterly Journal of the Royal
Meteorological Society, 108(455), 1-24. https://doi.org/10.1002/9j.49710845502

Oke, T. R. (1988). The urban energy balance. Progress in Physical Geography, 12(4).
https://doi.org/10.1177/030913338801200401

Pisello, A. L., Castaldo, V. L., Taylor, J. E., & Cotana, F. (2016). The impact of natural ventilation on
building energy requirement at inter-building scale. Energy and Buildings, 127, 870-883.
https://doi.org/10.1016/j.enbuild.2016.06.023

Pisello, A. L., Rosso, F., Castaldo, V. L., Piselli, C., Fabiani, C., & Cotana, F. (2017). The role of building
occupants’ education in their resilience to climate-change related events. Energy and Buildings, 154.
https://doi.org/10.1016/j.enbuild.2017.08.024

Pyrgou, A., Castaldo, V. L., Pisello, A. L., Cotana, F., & Santamouris, M. (2017). Differentiating responses
of weather files and local climate change to explain variations in building thermal-energy performance
simulations. Solar Energy, 153. https://doi.org/10.1016/j.solener.2017.05.040

Pyrgou, A., Castaldo, V. L., Pisello, A. L., Cotana, F., & Santamouris, M. (2017). On the effect of summer
heatwaves and urban overheating on building thermal-energy performance in central Italy. Sustainable
Cities and Society, 28, 187—-200. https://doi.org/10.1016/j.scs.2016.09.012

Rahman, M. A., Moser, A., Rotzer, T., & Pauleit, S. (2017). Microclimatic differences and their influence on
transpirational cooling of Tilia cordata in two contrasting street canyons in Munich, Germany.
Agricultural and Forest Meteorology, 232, 443-456. https://doi.org/10.1016/j.agrformet.2016.10.006

Rosenfeld, A. H., Akbari, H., Romm, J. J., & Pomerantz, M. (1998). Cool communities: Strategies for heat
island mitigation and smog reduction. Energy and Buildings. https://doi.org/10.1016/S0378-
7788(97)00063-7

Rosso, F., Pisello, A. L., Pignatta, G., Castaldo, V. L., Piselli, C., Cotana, F., & Ferrero, M. (2015). Outdoor
thermal and visual perception of natural cool materials for roof and urban paving. In Procedia
Engineering (VVol. 118). https://doi.org/10.1016/j.proeng.2015.11.394

Saaroni, H., Pearlmutter, D., & Hatuka, T. (2015). Human-biometeorological conditions and thermal

perception in a Mediterranean coastal park. International Journal of Biometeorology, 59(10), 1347—



728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764

1362. https://doi.org/10.1007/s00484-014-0944-z

Salata, F., Golasi, I., de Lieto Vollaro, R., & de Lieto Vollaro, A. (2016a). Outdoor thermal comfort in the
Mediterranean area. A transversal study in Rome, Italy. Building and Environment, 96, 46-61.
https://doi.org/10.1016/j.buildenv.2015.11.023

Salata, F., Golasi, I., de Lieto Vollaro, R., & de Lieto Vollaro, A. (2016b). Urban microclimate and outdoor
thermal comfort. A proper procedure to fit ENVI-met simulation outputs to experimental data.
Sustainable Cities and Society, 26, 318-343. https://doi.org/10.1016/j.5¢s.2016.07.005

Salata, F., Golasi, I., Vollaro, A. D. L., & Vollaro, R. D. L. (2015). How high albedo and traditional
buildings’ materials and vegetation affect the quality of urban microclimate. A case study. Energy and
Buildings, 99, 32-49. https://doi.org/10.1016/j.enbuild.2015.04.010

Santamouris, M., Alevizos, S. M., Aslanoglou, L., Mantzios, D., Milonas, P., Sarelli, L., ... Paravantis, J. A.
(2014). Freezing the poor - Indoor environmental quality in low and very low income households
during the winter period in Athens. Energy and Buildings, 70, 61-70.
https://doi.org/10.1016/j.enbuild.2013.11.074

Santamouris, M., Ding, L., Fiorito, F., Oldfield, P., Osmond, P., Paolini, R., ... Synnefa, A. (2017). Passive
and active cooling for the outdoor built environment — Analysis and assessment of the cooling potential
of mitigation technologies using performance data from 220 large scale projects. Solar Energy.
https://doi.org/10.1016/j.solener.2016.12.006

Scopelliti, M., Carrus, G., Adinolfi, C., Suarez, G., Colangelo, G., Lafortezza, R., ... Sanesi, G. (2016).
Staying in touch with nature and well-being in different income groups: The experience of urban parks
in Bogota. Landscape and Urban Planning, 148, 139-148.
https://doi.org/10.1016/j.landurbplan.2015.11.002

Shepherd, J. M., & Shepherd, J. M. (2005). A Review of Current Investigations of Urban-Induced Rainfall
and Recommendations for the Future. Earth Interactions, 9(12), 1-27. https://doi.org/10.1175/E1156.1

Souza, D. O. de, Alvala, R. C. dos S., & Nascimento, M. G. do. (2016). Urbanization effects on the
microclimate of Manaus: A modeling study. Atmospheric Research, 167, 237-248.
https://doi.org/10.1016/j.atmosres.2015.08.016

Synnefa, A., Dandou, A., Santamouris, M., Tombrou, M., & Soulakellis, N. (2008). On the use of cool
materials as a heat island mitigation strategy. Journal of Applied Meteorology and Climatology.
https://doi.org/10.1175/2008JAMC1830.1

Taha, H. (1997). Urban climates and heat islands: albedo, evapotranspiration, and anthropogenic heat.
Energy and Buildings. https://doi.org/10.1016/S0378-7788(96)00999-1

Taylor, R. S. (2017). Ice-related Disruptions to Ferry Services in Eastern Canada: Prevention and
Consequence Mitigation Strategies. Transportation Research Procedia, 25, 279-290.
https://doi.org/10.1016/j.trpro.2017.05.394

United Nations. (2014). World Urbanization Prospects: The 2014 Revision. New York: United Nations.

van Hove, L. W. A., Jacobs, C. M. J., Heusinkveld, B. G., Elbers, J. A., Van Driel, B. L., & Holtslag, A. A.



765 M. (2015). Temporal and spatial variability of urban heat island and thermal comfort within the

766 Rotterdam agglomeration. Building and Environment, 83, 91-103.

767 https://doi.org/10.1016/j.buildenv.2014.08.029

768  Vardoulakis, E., Karamanis, D., Fotiadi, A., & Mihalakakou, G. (2013). The urban heat island effect in a
769 small Mediterranean city of high summer temperatures and cooling energy demands. Solar Energy, 94,
770 128-144. https://doi.org/10.1016/j.solener.2013.04.016

771 Willmott, C. (1982). Some comments on the evaluation of model performance. Bulletin of the American
772 Meteorological Society. https://doi.org/10.1175/1520-0477(1982)063<1309:SCOTEO>2.0.CO;2
773  Zhang, A., Bokel, R., van den Dobbelsteen, A., Sun, Y., Huang, Q., & Zhang, Q. (2017). An integrated
774 school and schoolyard design method for summer thermal comfort and energy efficiency in Northern
775 China. Building and Environment, 124, 369-387. https://doi.org/10.1016/j.buildenv.2017.08.024
776  Zhou, D., Zhang, L., Li, D., Huang, D., & Zhu, C. (2016). Climate—vegetation control on the diurnal and
777 seasonal variations of surface urban heat islands in China. Environmental Research Letters, 11(7),
778 74009. https://doi.org/10.1088/1748-9326/11/7/074009

779  Zhou, M., Wang, D., Li, Q., Tu, W., Cao, R., & Cao, J. (2015). Examining the impact of daily weather on
780 urban public transport passenger travel behavior using smart card data. In Proceedings of the 20th
781 International Conference of Hong Kong Society for Transportation Studies, HKSTS 2015: Urban
782 Transport Analytics (pp. 111-118). Hong Kong, December 12th-14th.

783  Zoulia, 1., Santamouris, M., & Dimoudi, A. (2009). Monitoring the effect of urban green areas on the heat
784 island in Athens. Environmental Monitoring and Assessment. https://doi.org/10.1007/s10661-008-
785 0483-3

786



