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Abstract: This paper presents a new methodological approach for analysing the impacts of climate
change on the urban habitat and improving the quality of life for citizens. The study falls within
the diagnostic phase of the Climate Change and Urban Health Resilience (CCUHRE) research
project applied to the rationalist neighbourhood of Monticelli, a suburb of Ascoli Piceno (Italy).
The methodological approach tests innovative and multidisciplinary cognitive tools to quantify the
impacts of climate change and create refined risk maps combining remote sensing, spatial data,
satellite images, and thermal fluid dynamic (CFD) simulations. These tools created an atlas of green
areas and surfaces using scientific indexes that describe the relationship between the urban form
and heat and between the type of ground and materials. The information yielded by geoprocessing
will allow critical aspects in the context to be addressed with site-specific strategies. In fact, through
downscaling, it is possible to analyse the thermal fluid dynamics characteristics of the most significant
urban areas and identify the related weather/climate characteristics, perceptual scenarios, and
thermal stressed regions. The results have provided a dataset that defines the degree of vulnerability
of the neighbourhood and identifies the areas exposed to thermal risk.

Keywords: urban heat island; remote sensing; CFD analysis; urban thermal comfort; urban risk map

1. Introduction

It is well known that urbanized spaces suffer more from poor air quality and low
environmental comfort [1–3] in general based on the microclimate conditions. The analysis
of the microclimate characteristics on the urban scale and consequently the strategies and
technologies capable of modifying it are fundamental for contrasting the adverse effects
impacting the liveability and health of urban environments and the quality of outdoor and
indoor spaces [4–6].

The CCUHRE (https://sites.google.com/unicam.it/cchure/home accessed on 1 Novem-
ber 2021) (Climate Change and Urban Health Resilience) project [7] falls within the urban-
planning debate on healthy spatial planning, which addresses the relationships between
city/urban form and citizens’ health/well-being. This research is centered mainly on
environmental/health questions tied to the impacts of climate change in cities and, in
general, on the quality of life in urban habitats in relation to specific urban planning and
social conditions.

In this paper, a transdisciplinary approach was used to develop a method of trans-
scalar investigation to estimate/simulate the effects of climate change through digital
processing and innovative geo-informatics tools referring to GIScience [8–10] and CFD
(computational fluid dynamics) [11–13], which accompanied more traditional multi-system
urban-planning analysis. In particular, remote sensing methods and processes were used to
identify urban heat islands (UHI) on the neighbourhood scale based on medium-low spatial
resolution images on which there is wide literature [14]. In a constant macro-micro dialogue,
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further medium-high data resolution investigations were based on digital terrain models
(3d) and simulation algorithms in a GIS environment, as shown in some studies [15].

Therefore, the project was conducted with a mix of methods in which technological
aspects were configured as a multi-objective tool, especially in the diagnostic and analytical
phases. The investigations, tools, and methods presented here were applied to the case
study of Monticelli, a rationalist neighbourhood and suburb of Ascoli Piceno, a city in
the middle of Italy, which is particularly meaningful for the urban layout and socio-
demographic conditions.

Although the case study tested innovative and multidisciplinary cognitive tools to
build expert/technical knowledge—the object of this contribution—it is likewise important
to underline how the CCUHRE project also contemplated different ‘moments of listening’
in the community to acquire opinions, recommendations, and general in-depth knowledge
about the neighbourhood. This knowledge was obtained through questionnaires (the ques-
tionnaires administered to part of the community reviewed the strengths and weaknesses
of the neighbourhood concerning safety inside and outside of buildings, the quality of life
inside buildings, internal travel and connections to the city, and opportunities for socializ-
ing in the neighbourhood), focus groups (three focus groups involving residents and city
representatives were organized. The encounters yielded criticalities, risks, opportunities,
and desires related to three topics: movement and mobility, green areas and environmental
quality, and places for interaction and sociality), and in-depth interviews (in synergy with
the Marche Regional Health Authority (ASUR) Area Vasta 5 Ascoli Piceno-San Benedetto
del Tronto, a heterogeneous sample of residents were interviewed to provide information
about their state of health and daily habits. The interviewees were drawn from the register
of residents or indicated by themselves as being experts in the area) that rendered the ‘voice’
of the community and certainly added value to the process of co-producing knowledge
to devise interventions for urban regeneration and climate adaptation in concert with
citizens [16].

This theoretical, applied, and in-the-field approach, which falls under the context
of the neighbourhood and the people who live there, produced a public health and cli-
mate/morphological profile helpful in formulating new adaptive measures to mitigate
temperature, improve outdoor thermal comfort and quality of life, and speculate evolution-
ary scenarios in line with the residents’ needs and expectations.

To this end, this research tested a valuable combined method for identifying the
areas with the most structural criticalities and social fragility (GIScience) on the urban
scale. Further micro-scale (CFD) investigations were made to support the construction of
adaptive guidelines based on the morphological specifics of the neighbourhood.

The combined approach (GIScience-CFD analysis) aims to feed the theoretical and
application frame of reference on the issue of city/health, proposing a procedural and
technological approach capable of highlighting the worst critical aspects and responding
with citizens’ proactive contribution. In addition to being involved in the moments men-
tioned above of ‘audience/engagement’, the residents of Monticelli will also be involved
in positioning sensors and using an app to obtain feedback and data on climate comfort
perceived within open/closed space neighbourhoods.

As shown in various studies [17–19], mostly on the micro scale, it is possible to calibrate
computer models starting from monitoring and surveying campaigns of the incident
environmental variables. To this aim, a surveying system will be placed at strategic points
around the neighbourhood based on the map resulting from the combined GIScience–CFD
analysis, to assess weather/climate information and air pollution data. The smartphone
application processes data acquired in real-time to obtain information about the state of
comfort and provide feedback.

These on-site measurements were functional for citizen engagement and raising aware-
ness of emerging climate issues, but was not useful for properly calibrating the climate
scenario. To this end, due to the lack of accuracy/reliability of the data received, the
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micro-simulation models were based on the climate data relating to the most representative
day [20,21].

Nevertheless, this digitized system generated an indispensable database for the study
and planning of the neighbourhood. The active participation of citizens has helped raise
awareness about the local effects of global climate change and laid the groundwork for
future research between theoretical-applied research and field trials. This study can show
that the social component guides and informs the analytical and design processes.

With a view to greater climate and social resilience where access to services, equity,
liveability, and widespread quality are set as cardinal objectives in reconfiguring open
spaces, the techniques and tools used for the risk assessment are outlined, with a specific
focus on the urban heat island.

2. Materials and Methods
2.1. Remote Sensing and Thermal Fluid Dynamics Simulation: A Combined Study for
Risk Assessment

The most authoritative scientific organizations (Intergovernmental Panel on Cli-
mate Change-IPCC, Centro Euro Mediterraneo sui Cambiamenti Climatici-CMCC, Ur-
ban Climate Change Research Network-UCCRN, European Environment Agency-EEA,
etcetera.) invite a change in paradigm to address the environmental/climate change that
will inevitably affect important socioeconomic, migratory, and health issues on a global
scale [22–25]. These issues currently constitute the international socio-political frame of
reference. The substantial changes we need to make would hopefully depend mainly on
international climate agreements, respect for the commitments made by governments, and
thus the quality of decisions and forward-thinking of decision-makers. In this view, it is
therefore necessary to support the choices and better direct them with innovative stud-
ies [26,27] that analyse urban dynamics with respect to space and time and the macro-micro
scales, i.e., investigating both climate-altering impacts and those altered by global warming
(global mitigation scale), and the local impacts of ‘extreme events’ which cities are now sub-
ject to with a certain regularity (local adaptation scale). In this perspective of going beyond
common regional weather/climate scenarios, CCHURE has redeveloped the analysis strat-
egy for ‘impact chains’ (the suggested workflow analyses urban structures/infrastructure
and dominant social factors by relating the awareness of vulnerable population groups
to the exposure of the city neighbourhood system to critical climatic conditions to which
it is potentially subject) [25], adapting it to the local context and available data to assess
the relationships between city form, potential climate-related impacts, and discomfort in
terms of health and quality of life. More specifically, the analysis addressed the social and
structural fragility of the neighbourhood regarding the degree of surface impermeability,
land use and consumption, the incidence/temporality of climate events, urban form, the
extent/type of natural areas, and localization of vulnerable swaths of the population, etc.

The preliminary digital graphics of the neighbourhood were produced in the GIS
(geographic information system) environment with remote sensing and spatial analysis
techniques. The data were synthesized in an urban risk map that identifies the areas with
the greatest vulnerability to thermal stress and urban run-off.

This process enabled the development of scientific indices related to bioclimatic com-
fort perceived on-site by a hypothetical resident with standardized environmental pa-
rameters and represents the state of comfort and health in a single index, i.e., the UTCI
index [28–30], appropriately relating environmental variables and variables related to the
person. This comfort index is based on perceived temperature. It was calculated using the
specific tool Biomet, contained in ENVI−met [31,32], which systemizes air temperature,
wind speed, average radiant temperature, and humidity.

The information collected in the GIS archives, such as shape and size of the buildings,
position and type of green areas, soil permeability and traffic information, were used to
carry out BIM (building information modelling (building information modeling is a method
for managing building construction and manipulation processes in which relevant data
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can be collected, combined, and linked by correlating geometric and semantic space) that
returns the three-dimensional nature. Thermo-fluid dynamics simulations using CFD (com-
putational fluid dynamics) were made using the ENVI−met software. Given the parametric
nature of the GIS archives, the parametric development platform Grasshopper (a visual
programming language tool allows software to be generated through a simplified interface
in which the user) was used, allowing for dynamic adaptation to the GIS information and
microclimate characteristics of the area [33]. Thermal fluid dynamics simulations yield
results that easily identify urban overheating of most susceptible areas [34].

The qualitative/quantitative geo-information approach led to the construction, man-
agement, and visualization of a georeferenced database that can be updated over time,
allowing the studies to be shared with the various stakeholders through Web-GIS or other
ICT applications. Therefore, the GIS approach underlies the project itself and its goal of
the application, becoming essential for downscaling climate models, reducing the field of
action, and identifying target/critical areas for intervention (Figure 1).
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2.2. The Case Study: Monticelli and Its Climate Scenario

The Monticelli district, planned by Leonardo Benevolo and developed from the 1970s
onwards, is an example of a rationalist district, even if not entirely built, inspired by the
principles and concepts of the modern movement. The same volumetric, hierarchical,
and functional characteristics of the different spaces and axes that still define the urban
layout and the peri-urban landscape at the gates of Ascoli Piceno (Figure 2a,b) today
constitute a potentially fertile ground for experimentation within the scope of urban and
social regeneration [35]. The experiments conducted under CCUHRE are configured as
analytical and methodological, but nevertheless materialize as evolutionary/adaptive
actions thanks to the sizing of the full/empty spaces, the relationship with the Tronto River,
resident requests, and the appearance of an indefinite/incomplete place ready to welcome
a potential reconfiguration, especially of open spaces.

Beyond the technical/spatial aspects, the socio-perceptive component returned by
the inhabitants or experts during the different opportunities for listening/interaction
mentioned above also helped to focus attention on this portion of the territory. The
neighbourhood hosts different recreational and social possibilities/activities related to
sports and leisure, but it is perceived as a dormitory, inhabited yet isolated from the rest
of the city. Despite some timid attempts at social cohesion and community life, Monticelli
looks to be—and still is—an area of crossing along the longitudinal east–west axis. As a
neighbourhood physically still on edge, it apparently functions as an entrance to and exit
from the city. Similar to many peripheral areas, it presents various criticalities and resources
in which the citizens identify themselves and from which it is necessary to start again.
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(b) detailed view of the central longitudinal axis (W-E direction). Basemap source: Google Maps and
Google Earth.

Widespread deterioration, the scarcity of quality public/private services and a general
lack of a unified vision in line with contemporary emergencies and the needs of citizenship
seem to pervade the sense of abandonment and insecurity perceived by observing the
territory and listening to the community. The community currently has about 8000 residents
(out of 46,760 in the entire city; source: ISTAT, National Institute of Statistics. Census of the
population as of 1 January 2021), who have shown themselves, albeit in the limited sample
of active, participating citizens, to be interested and open to dialogue and confident about
a possible bottom-up renewal agreed upon with expert and local knowledge.

In sum, considering the socio-demographic, aesthetic-perceptive, morphological, and
historical-architectural aspects mentioned above, it is possible to consider Monticelli (Even
in terms of territorial extension, Monticelli represents about 1/8 of the artificial surface of
the entire municipality of Ascoli Piceno, constituting a sufficiently representative urban
transept. Source: data processing starting from level 1 of the CLC-Corine Land Cover,
ISPRA- Istituto per la Protezione e Ricerca Ambientale, CLC-2018; https://groupware.
sinanet.isprambiente.it/uso-copertura-e-consumo-di-suolo/library/copertura-del-suolo/
corine-land-cover/corine-land-cover-2018-iv-livello; accessed on 29 December 2021) as
a transept of considerable interest. In this sense, Monticelli is representative of the linear
valley urban system of the Tronto along which the city has developed. In addition to the
social and natural aspects that characterize the neighbourhood, the area is also subject to
different planning/programmatic provisions regarding road assets and social-residential
aspects that feed its urban interest.

In line with the goals of the project, a process of regeneration can only be triggered
after having entirely understood not only the social and experiential dynamics but also
those related to morphology and meteorology, which are the subject of this contribution.

In this sense, the weather/climate characteristics of the Monticelli neighbourhood are
also representative of the evolution of the climate scenario of Ascoli Piceno and, in general,
the entire Marche Region (Italy). Indeed, an increase in average temperatures has been seen
over the years, both in winter and summer, with 2019 being the seventh consecutive year
warmer than average (historical period of reference 1981–2010, ASSAM, 2020). Likewise,
in line with increasing temperature trends, the winter of 2020 was one of the warmest
on record, with an anomaly of +2.1 ◦C compared with the average. These analyses show
how the local effects of global climate change are evident for the Marche region and the
Monticelli area. The temperature, humidity, and radiation graphs (shown in Figures 3–5)
were processed with the ‘CBE’ (The CBE climate tool is a web utility to display statistics and

https://groupware.sinanet.isprambiente.it/uso-copertura-e-consumo-di-suolo/library/copertura-del-suolo/corine-land-cover/corine-land-cover-2018-iv-livello
https://groupware.sinanet.isprambiente.it/uso-copertura-e-consumo-di-suolo/library/copertura-del-suolo/corine-land-cover/corine-land-cover-2018-iv-livello
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graphs from EPW files). The representative microclimatic scenario was evaluated using the
representative day technique, which yields a characteristic summer meteorological scenario
(Figures 6–8) using actual data from days in the selected period. The ‘representative
day’ [20,21] is a 24 h data set, actually recorded at a field station characterized by the fewest
differences with respect to all 24 h measurements in the time series of that station, in other
words, the daily series whose sum of the squared differences over 24 h is the smallest
compared with all other days in the period considered. It consists of the actual data of
the day in the period considered. This technique involves minimizing the sum of the
mean squared differences between the monitored quantities averaged within each hour
and the same quantities for all other days at the same time. Using the representative day
method rather than the average day allows real scenarios to be used. The representative
day for the hot scenario in recent years for Ascoli Piceno is 26 June 2017; Table 1 shows the
numerical data.
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Table 1. Meteorological data for the representative day.

Hour Dry Bulb
Temp. (◦C)

Relative
Humidity (%)

Wind Speed
(m/s)

Wind Direction
(degrees)

Direct Normal
Rad. (Wh/m2)

Diffuse Horizontal
Rad. (Wh/m2)

. . .
9 27 54 1.9 59 522 197
10 27 54 2.2 63 613 220
11 27 58 2.5 67 666 233
12 27 58 2.8 71 672 235
13 27 58 2.8 74 632 225
14 27 58 2.5 77 551 205
15 27 62 2.5 80 441 175
16 25 69 1.9 87 319 138
17 24 74 1.7 94 200 97
18 22 88 1.1 101 97 53
. . .
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2.3. Initial Data and Data Processing

To analyse urban fragility and vulnerabilities and create the scientific indices and the
geo-information dataset, various types of open access/open source and proprietary data
were used:

• Digital AgEA (Agenzia per le Erogazioni in Agricoltura) orthophoto from 2016 with a
geometric resolution of 20 cm/px (The Agea 2016 orthophotos were provided by the
City of Ascoli Piceno, Sector 8—Urban Planning, TIS, and European policies, and used
in compliance with the use licence);

• Digital surface model (DSM) and digital terrain model (DTM) produced using LiDAR
technology, geometric resolution of 1 m/px (The data are the property of the Ministry
of the Environment and Protection of the Land and Sea, in Italian, MATTM, now the
Ministry of the Ecological Transition, and were used in compliance with the licence);

• Landsat 8 (bands 10 and 11, thermal infrared sensor TIRS) with a geometric resolution
of 30 m/px;

• Multispectral IKONOS images with a geometric resolution of 0.8 m/px;
• Demographic census of Monticelli provided by the City of Ascoli Piceno, updated 2018;
• A thematic layer regarding the profile of the built area, acquired using Web Feature

Service (WFS) (http://www.pcn.minambiente.it/mattm/servizio-di-scaricamento-
wfs/ accessed on 22 July 2021);

• Shapefiles of the Monticelli area provided by the City of Ascoli Piceno;
• Weather data related to past scenarios acquired from World Weather Online.

Initial data-processing regarded the entire quarter, including the surrounding peri-
urban and natural areas. More specifically, the initial geo-processing was aimed at semi-
automatically and scientifically identifying the green areas within the neighbourhood
via remote sensing. The mapping was made possible by calculating a vegetation index
(soil-adjusted vegetation index, SAVI), i.e., processing NIR (near-infrared) and RED elec-
tromagnetic bands of the multispectral IKONOS images in the GIS environment using
the formula:

SAVI = ((NIR − RED)/(NIR + RED + L)) × (1 + L), (1)

where L is a regulation factor with a value of 0.5 in the scientific literature [36] used to
minimize atmospheric influences on the luminosity of the land, especially in areas where
there is little vegetation (arid land, urban areas, etcetera.). The index thus calculated
(Figure 9) returns a raster format ranging from −1 to 1 of the distribution of green areas
on the date the image was acquired. This procedure led to a distinction between the
natural and anthropic components of Monticelli identified and differentiated through the
‘spectral signature’ of the elements on the terrain (vegetation, agricultural fields, buildings,

http://www.pcn.minambiente.it/mattm/servizio-di-scaricamento-wfs/
http://www.pcn.minambiente.it/mattm/servizio-di-scaricamento-wfs/
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roads, etcetera.). The resulting file was reclassified based on the surface category: green
infrastructure (permeable) and grey infrastructure (impermeable).
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Figure 9. False-colour multispectral IKONOS image (11 August 2006) and the soil-adjusted vegetation
index, SAVI. In the upper detail, a field cultivated during the rotation period is highlighted, as it is
bare soil; the semi-automatic calculations consider it waterproof.

This process is configured as a Surface Atlas and a preliminary phase in creating the
Urban Green Atlas, which is presented in the next section.

The research has specifically addressed heat, proceeding with the urban vulnerability
assessment, and using other scientific indices based on satellite indices or simulations.
The first investigation again relied on remote sensing tools, starting with measured data
and various mathematical formulas [37,38] to convert the digital number (DN) of Landsat
8 image pixels into the atmospheric radiance, the temperature at the satellite, the emissivity
of terrestrial surfaces, and the temperature at the ground. This process yielded the LST
(land surface temperature) index, which allowed the temperature referring to the urban
vault above the average height of the buildings (urban boundary layer) measured by the
satellite to be read on a specific date/time. The output in temperature expressed in Celsius
depends on anthropogenic factors, the type of soil and materials (albedo, reflectance, etc.),
as well as the presence/type of green or forested areas (leaves, humidity, etc.) [39,40]. This
macro-scale processing was related to three days in the summer of 2017 (the following
days were selected: 13 June, 31 July, and 16 August 2017. The choice of period and year
depended on the weather reports consulted, whereas the days refer to the availability of
satellite images, which can be obtained free of charge from https://earthexplorer.usgs.gov/
accessed on 1 November 2021) (Figure 10), where regional weather bulletins [41] were
identified as the second hottest in the last fifty years (http://www.meteo.marche.it/news/
anno2017/clima2017.pdf (accessed on 1 November 2021)). The analysis, therefore, returns
the system of urban/territorial areas most subject to thermal stress, which are associated
with further site-specific investigations using both algorithms within GIS software and
CFD applications in the ENVI−met environment.

Addressing the thermal simulations in the GIS environment required two key steps:
(i) processing the DSM to obtain the heights of urban elements (vegetation, buildings,
etc.) for the ground and not just compared with the average sea level; (ii) developing
intermediate output tied to the urban morphology (system of buildings and open spaces)
and bioclimate factors, the sky-view factor (SVF). The SVF indicates the portion of visible
sky from the observation point; it is directly proportional to the amount of incident solar
radiation. As shown in Kleerekoper (2012) [42], when the urban heat island is generated, a
low SVF leads to a decrease in nocturnal radiation loss under weak wind conditions and
a calm sky, especially when it is created within urban canyons. In contrast, a high SVF,
usually related to open areas, would lead to the accumulation of heat, especially where it is
asphalted/waterproofed with a low-albedo material.

https://earthexplorer.usgs.gov/
http://www.meteo.marche.it/news/anno2017/clima2017.pdf
http://www.meteo.marche.it/news/anno2017/clima2017.pdf
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Selected days from left to right: 13 June, 31 July, 16 August 2017.

Following this, a micro-scale simulation was made of the direct/diffuse solar radiation
using two indices approved by the scientific community: global radiation (GR) and direct
solar radiation (DSR), which require the DSM and SVF as input. The two indicators were
calculated with a spatial analysis algorithm that quantifies the potential diurnal radiation of
an area based on the geographic position, period/month/day, and selected time, especially
in relation to the specific geomorphological and urban areas conformation (DSM). The
processing allowed the amount of incident solar radiation between the ground and average
building height, i.e., urban canopy layer (UCL), to be quantified (kWh/m2) with geometric
detail of 1 m/px (Figure 11).

This additional information, related to the LST, produced a cognitive framework of the
thermal comfort/discomfort (the focus on UHI presented in this paper is also suggested
by the significant increase in the average temperature in Ascoli in the last decade (+ 2.1◦

compared with the 1960–70s), as shown by the research of the European Data Journalism
Network, EDJNet 2020, available at: https://climatechange.europeandatajournalism.eu/
en/italy/marche/ascoli-piceno/ascoli-piceno accessed on 1 November 2021) in the quarter,
laying the basis for more detailed investigation of the areas highlighted as the most critical,
not only due to the heat captured/generated but also due to the limiting presence of
vulnerable residents (elderly people, widow(er)s, children, etc.), deriving first from ISTAT
census data and then through specific demographic surveying.
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The transcalar and combinative approach and the preliminary macro-scale analy-
ses identified the three most vulnerable areas that can be analysed using CFD. These
analyses in the GIS environment were functional to direct the subsequent investigations
on some critical areas detected in the Monticelli district, preventing the dispersion of
computational resources.

Focusing attention on these areas was indispensable for maintaining a balance between
the levels of complexity of the analysis. Three three-dimensional models were reconstructed,
starting with the digitized maps (Figures 12–14).
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These were converted into ENVI−met models through the Grasshopper visual pro-
gramming platform using the Morpho application. Morpho is a Grasshopper plugin
developed by Antonello di Nunzio that enables interaction with ENVI−met and pro-
prietary algorithms (Figure 15). This development environment was indispensable for
managing each aspect of exchange between the three-dimensional models and ENVI-met,
acting in a parametric, reversible way in each process phase [43]. A cubic grid measuring
3 m at the side contained approximated geometries with a simplification to maintain similar
building volumes, taking care to describe the constituent materials, ground materials, and
vegetation (both low and tall). The dimensions of the three models are shown in Table 2.
Altimetry data was used to render the terrain and obtain the morphology of the areas. Due
to the geometric approximations made by the software, the relative corrections were made
such that the morphology of the terrain would not alter the volumetric characteristics of
the buildings. Following this, the definition of materials of the horizontal surfaces of the
areas used data from satellite photos. Each material was identified by a specific colour,
producing a vector diagram of the materials associated with each colour code (referring
to the ENVI−met library). The next operation was to characterize the greenery present
in the areas. The data were obtained from the analysis of aerial photos. Both tall and low
vegetation is present in the areas. The tall vegetation was classified based on the size and
characteristics of the species, whereas treatment of the low vegetation (grassland and crops)
was similar to what was carried out for the ground materials. The physical properties of
the materials used, and the vegetation is shown in Table 3. These data are from inspections
and census of vegetation.
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Table 2. ENVI−met model dimensions.

Area dx−dy-dz x−Grid y−Grid z−Grid Lat Lon

A 3 m 170 140 60 42.51 13.37
B 3 m 210 160 60 42.51 13.37
C 3 m 250 78 70 42.51 13.37

Analysis with ENVI−met requires a twenty-four-hour set of continuous data, includ-
ing information on temperature, humidity, wind speed, and direction. The well-established
representative day method was used to derive this subset of data from a larger set using the
Grasshopper platform. This consolidated algorithm can extract statistical information about
the ‘representative’ day used to analyse the urban thermal fluid dynamics. This method
uses a large data sample and traces both the day that best represents the hot scenario and
the one that least describes it as an anomaly. The data sample analysed using the ‘repre-
sentative day’ method relates to the hot scenarios (i.e., days where the average daytime
temperature exceeds 25 ◦C) over the last five years, with temperature as the dominant
variable. In addition to temperature, data on humidity, wind speed, wind direction, and
shortwave and longwave radiation over the twenty-four hours of the representative day
were entered into the system. The ENVI−met software uses all this information combined
with geometric-material information and proprietary procedures to define the values of po-
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tential air temperatures, surface temperatures, average radiant temperatures, and the state
of the wind over the hours simulated. Finally, the correlation between the partial results
of the calculation produces a map of comfort indices, highlighting areas with criticalities,
which can be addressed and resolved based on the considerations in this study.

Table 3. Soil and vegetation parameters used in ENVI−met model. (* Latin nomenclature correct
with respect to the ENVI−met archive).

Code Description Albedo Roughness Emissivity LAD

Profile materials
0100AR Asphalt road with red coating 0.50 0.01 0.90 -
0100BA Basalt brick road 0.80 0.01 0.90 -
0100GS Granite paving (single stones) 0.40 0.01 0.90 -
0100LO Loamy soil - 0.02 0.98 -
0100PG Concrete pavement grey 0.50 0.01 0.90 -
0100PL Concrete pavement light 0.80 0.01 0.90 -
0100ST Asphalt road 0.20 0.01 0.90 -

0100WW Deep water - 0.01 0.96 -

3d plants
000003 Robinia pseudoacacia 0.18 - - 2.00
0000A1 Tilia cordata 0.18 - - 1.00
0000A5 Gleditsia triacanthos 0.18 - - 0.50
0000A9 Acer campestre 0.18 - - 2.00
0000B2 Fagus sylvatica 0.18 - - 1.50
0000B3 Quercus robur 0.18 - - 1.80
0000B4 Carpinus betulus 0.18 - - 2.00
0000B5 Fraxinus excelsior 0.18 - - 1.00
0000B7 Betula pendula 0.18 - - 0.90
0000B8 Platanus × acerifolia 0.18 - 1.10
0000C3 Abies alba 0.18 - - 0.70
0000CC Fraxinus sp. * 0.60 - - 1.00
0000E1 Ulmus minor 0.18 - - 1.00
0000JU Cercis siliquastrum 0.60 - - 0.60
0000K1 Koelreuteria paniculata 0.70 - - 0.70
0000LI Ligustrum sp. * 0.40 - - 0.70
0000OT Olea europaea 0.50 - - 0.50
0000PP Pinus pinea 0.60 - - 1.50
0000PW Washingtonia sp. * 0.60 - - 0.50
0000S2 Sophora japonica 0.60 - - 0.40
0000ZI Citrus x aurantium 0.40 - - 0.70
0000ZY Cupressus sp. * 0.30 - - 0.40
01ALDL Conic, large trunk, dense, large (25 m) 0.12 - - 2.30
01ASDS Conic, small trunk, dense, small (5 m) 0.12 - - 2.30
01CMDS Cylindric, medium trunk, dense, small (5 m) 0.12 - - 2.30
01HMSS Heart-shaped, medium trunk, sparse, small (5 m) 0.18 - - 0.30
01OLDL Cylindric, large trunk, dense, large (25 m) 0.18 - - 1.10

01OMDM Cylindric, medium trunk, dense, medium (15 m) 0.18 - - 1.10
01PMDS Palm, medium trunk, dense, small (5 m) 0.60 - - 0.60
01SMDM Spherical, medium trunk, dense, medium (15 m) 0.18 - - 1.10
01SMDS Spherical, medium trunk, dense, small (5 m) 0.18 - - 1.10
01SSDS Spherical, small trunk, dense, small (5 m) 0.18 - - 1.10
01SSDS Spherical, small trunk, dense, small (5 m) 0.18 - - 1.10

Simple plants
0100XX Grass 25 cm aver. dense 0.20 - - 0.30

The IT team engineered data-collection devices in the monitoring phase and placed
them in the most interesting areas to collect temperature, humidity, wind speed, and air
pollution information. These devices form a network for transmitting data to a central hub
for remote observation and data storage.

3. Results

Once the morphological/climate indicators were finalized, the macro-scale study
turned to the creation of two main cartographic drawings: the Green Atlas and the Risk Map.
The former was produced by geospatially relating the DSM and Surface Atlas (Figure 16). A
map of urban greenery differentiated by horizontal surfaces (lawns, alluvial areas, etc.) and
vertical elements (trees or rather tree masses/canopies) was generated by considering only
the green infrastructure and reclassifying the data by height. The canopy cover, average
heights of the trees, and all other scientific parameters calculated from measured/simulated
data were spatially distributed on hexagons (https://pro.arcgis.com/en/pro-app/tool-

https://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/h-whyhexagons.htm
https://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/h-whyhexagons.htm
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reference/spatial-statistics/h-whyhexagons.htm accessed on 1 November 2021) of about
350 m2 each, for which the total vulnerability was evaluated quantitatively.
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The entire dataset (Table 4) is configured as the final output of the entire GIS method;
specifically, the database correlates each homogeneous spatial entity (hexagon) with multi-
ple numerical or textual parameters expressed as an average or sum referring to morpho-
logical, climate, and demographic surveys (Figure 17).
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days considered.
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565 42 5 18 37.01 309.56 10.73 17.25 0.72 340.62 33.8
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(c) grey/green infrastructure.

Before calculating and mapping the risk, the most up-to-date demographic census
of Monticelli (2018) was acquired. Free geocoding applications were then used to match
each census data point relating to an address with a pair of geographical coordinates (x, y)
represented as georeferenced points on the territory.

Finally, the dataset was searched using ‘spatial queries’ and logical operators to create
the ‘Urban Risk Map’, return graphs of the most vulnerable areas, and develop projects

https://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/h-whyhexagons.htm
https://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/h-whyhexagons.htm
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based on: (i) an in-depth analysis in a CFD environment and (ii) the collective intangible
heritage expressed by the residents during the participatory process (Figure 18). This map
combines and returns all qualitative and quantitative information considered to be above
the ‘critical threshold’ on the neighbourhood scale for:

1. Awareness of the population at risk (minors, elderly people, population density);
2. Climate data (GR, DSR, LST);
3. Urban morphology (SVF, Green and Surface Atlases).

With reference to the areas of investigation identified above for the cognitive micro-
climatic study, the results of the CFD simulation processes concerning the total bioclimate
comfort and the various competing variables are reported below (Figures 19–21). The
values of potential temperature range from about 20 ◦C in open areas to 28.6 ◦C in urban
areas. Surface temperatures peak at 50.4 ◦C at surfaces with a low albedo (e.g., asphalt) and
are lowest at natural surfaces. The average radiant temperature is only moderated in trees
where the minimum value is around 33 ◦C; elsewhere, it rises to around 64 ◦C. Relative
humidity values are also related to greenery, where it reaches almost 66%, whereas it drops
to 46.6% in urbanized areas. The wind field has maximum values of 3.2 m/s in the most
exposed areas (in line with the initial data), and, in the presence of buildings, there is a
calm wind. Lastly, the UTCI comfort index, which summarizes the above values, ranges
from a minimum of 23.8 ◦C to 37.1 ◦C. The results are summarized in Table 5.
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Table 5. Minimum and maximum results in the ENVI−met process for all areas at 14:00.

Area A Min Area A Max Area B Min Area B Max Area C Min Area C Max

Potential air temp. (◦C) 20.2 28.6 20.1 26.9 26 28
Mean radiant temp. (◦C) 35.4 62.9 33.9 61.9 33.1 63.9

Relative humidity (%) 46.6 65.9 49.7 62.9 46.6 64.9
Wind speed (m/s) 0 2.2 0 3.2 0 2.8

Surface temperature (◦C) 19.6 50.4 19.9 35.3 19.8 37.1

4. Discussion

The topological search of the database revealed a system at risk. It consists of open
and residential spaces distributed mainly along the central east–west axis of the neighbour-
hood and features intensive buildings, large impervious areas, and vacant areas that can
potentially be reconfigured.

As can be seen from the three diagrams extracted individually by topic (‘social vulnera-
bility’, ‘heat stress’, ‘danger from cloudbursts and heat waves’), the large central area of the
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neighbourhood is more inhabited by vulnerable groups, more prone to heat accumulation,
and more artificial than other areas. In fact, in the western end towards the centre of Ascoli,
many areas are potentially exposed to the impacts of extreme events due to widespread
impermeability (paved parking areas), absence/shortage of trees, or presence of exposed
and sun-drenched open spaces.

As with all studies developed from more or fewer aggregate data and then reprocessed
mainly using semi-automatic techniques, some limitations relating to the quality of the
input data can be highlighted. In this sense, some agricultural areas, for example, are ‘at
risk’ due to excessive radiation or because they had no crops when the satellite picture
was taken; therefore, they are identified as having low vegetative strength by the SAVI [36]
Index and considered ‘impermeable’.

Evaluations should be limited to urbanized areas only to avoid this type of error. In
this case, the individual spatial unit (hexagon) should be associated with the intended use
from other types of studies at the appropriate scales so that the final query can be better
filtered automatically.

Regarding the analysis of the data obtained during the simulation phase, it is clear
how the differences in surface temperature are correlated with the characteristics of the
materials distributed on the ground (Figures 19–21).

The highest temperatures are recorded for impermeable surfaces, about 8 ◦C higher
than permeable surfaces at the hottest times. In areas where tall vegetation is present, there
is a particular cooling effect on surface temperatures, where the temperature is up to 12 ◦C
less than asphalted surfaces. As with surface temperatures, air temperatures are also higher
in the most urbanized areas, gradually decreasing in less urbanized areas. In the same areas
where the air temperature is higher, the wind speed is halved due to the characteristics of
the built area. The correlation of these characteristics results in a low level of comfort in the
area, as can be verified in the UTCI (universal thermal climate index) comfort map. The
temperatures obtained are above optimal and normally in the 19–26 ◦C range. It can be
seen that zones are created near vegetation where the perceived temperature reaches 28 ◦C,
which is still above but much closer to the comfort range than in urbanized areas. The
area close to the Tronto River clearly shows the highest humidity values. Here, perceived
temperatures exceed 35 ◦C.

Thermal fluid dynamics analyses are now well established within the context of this
research. However, they can benefit from preliminary analysis in a GIS environment, which
yields essential information to streamline the enormous data-processing procedure typical
of CFD analyses. With this method, attention focused mainly on specific points in the
Monticelli neighbourhood. It allowed for an understanding of how the materials of the
horizontal surfaces, the presence of trees, and the conformation and distribution of the
building system have the most significant influence on comfort levels. Therefore, these
elements require greater attention in the decision-making phase when redeveloping the
area.

Despite some approximations, the research allowed for experimentation with an
integrated workflow involving various disciplines, from town planning to climatology,
from agroecology to geography and from geomatics to computer science, to objectively
characterize the territory using a scientific, transcalar, and multidisciplinary approach.

5. Conclusions

This paper presented an integrated workflow to construct maps and urban risk and
vulnerability scenarios on various scales and with different techniques involving data
extraction/processing and new geo-information production (e.g., Green Atlas, etc.).

In this sense, the research aims to renew the cognitive tools used for urban and city
planning. However, it is useful to highlight how this contribution aims to go beyond the
innovation of cognitive processes, underlining how the CCUHRE project in its entirety
considers the integration of technical and local knowledge as real added value.



Sustainability 2022, 14, 688 19 of 21

In this perspective, there is an urgent need to offer opportunities for direct interaction
between different types of expert knowledge and experiential/local/mixed knowledge to
establish an in-depth cognitive framework for evaluating the city and its environmental,
social, and health emergencies.

Starting from the compiled technological geo-dataset, semi-automatic methods were
used to identify priority areas targeted by further investigations better related to the
perception of comfort and the complex thermal fluid dynamic interactions that characterize
the city system. Therefore, this combinatory study of GIScience and CFD arises as an
experiment in trans-scale and multidisciplinary methods to support future designs and
adaptive solutions. The strength of such risk maps and CFD micro-analysis simultaneously
shows the critical and planning systems, which, reinterpreted in the municipal urban
agenda and social demands, can be reconfigured as a structural layout responding to
urban fragility and citizen needs. These solutions can be tested virtually digitally in future
research to evaluate their effectiveness concerning the space-time component, thermal
well-being related to representative days, the ‘performance’ nature of vegetation, etcetera.

The future developments of this and other research will be able to evaluate the ef-
ficiency of the proposed solutions through pre-figurative-alternative scenarios. These
evolutionary scenarios will measure thermo-regulatory actions related to energy efficiency
or greening strategies (e.g., desealing, micro-forestation, rain gardens, green roofs, cool and
high albedo/reflectance materials, etc.) as tested on various scales in several GIScience or
ENVI−met studies [5,44–47]. On the other hand, they will be completed with aesthetic-
perceptive and socio-recreational analyses through an integrated, technological-traditional
approach as developed in CCUHRE project.

Today, contingent emergencies require cross-cutting knowledge, targeted investments,
and quality projects. Incremental proposals for territorial safety will have to enhance and
protect the landscape and sustainably manage building processes, considering the life
cycles of the individual components, whether artificial or natural, from macro to micro,
from local to global, and vice versa. The strategies described herein help to define precise
systemic actions integrated with local centralities and slow mobility within/outside the
neighbourhood. The newly designed infrastructure will adapt over time to contingent
climate criticalities that impact services, biodiversity, and ecological connectivity and
the perception of mental/physical well-being, offering opportunities for recreation and
cooperation to increase the quality of life in Monticelli.
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