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Abstract: In a scenario in which the climate changes subject urban centres and large cities to high
levels of environmental vulnerability and criticality underway;, it is evident the need to define
operational and straightforward decision-making tools capable of prefiguring and verifying the
effectiveness of urban transformation climate-adaptive regeneration processes. The Climate Adaptive
Design Index for the Built Environment (CADI-BE) tool has been developed to assess the adaptive
capacity and level of performance of open urban spaces to the stresses due to the increase in global
average temperatures. The repercussions of these phenomena cause the occurrence of heatwaves
and the urban heat island effect (UHI), bringing out the inability of cities to cope with changes in the
climate, making urban open spaces unlivable and no longer the ideal habitat for everyday life and
social interactions.

Keywords: decision support system; urban high-temperature management; climate-adaptive design;
multi-criteria analysis

1. Introduction

The evidence relating to the ongoing climate crisis is driving world institutions to
adopt effective strategies to ensure the development of mitigation actions and the achieve-
ment of adaptation conditions to environmental phenomena related to climate change.
Furthermore, the impact of climate change, especially in the urban environment, is one of
the central themes in local policies and visions for developing future cities [1].

In particular, heatwaves and extreme rain events have significant implications for life
in the city and the environment. Suppose it is considered the increase in their frequency,
duration and intensity in the future as expected by the IPCC [2—4]. In that case, it is evident
that appropriate methodologies need to be developed to support redesign processes of
built urban space [5].

Within this framework, the research sector is required to be able to develop tools to
support decision-making processes for climate-oriented urban design through the def-
inition of innovative and appropriate methodologies. Hence, climate adaptation and
ecological turn, which represent cross-cutting themes to numerous objectives set out in
the United Nations Agenda 2030, outline the objectives and actions to define a key strat-
egy to fight climate change and increase environmental sustainability, as set out in Goal
13 [6]. In addition, it is among the priority objectives of the main European plans and
programs for the sustainable development of territories, including the Green Deal [7] and
the EU Biodiversity Strategy [8], to promote actions concerning the reduction of emissions
of greenhouse agents, the fight against the impacts of climate change, the reduction of
degradation phenomena and environmental pollution, the improvement of well-being
and health conditions, social cohesion and, at the same, time to promote the integration of
adaptation criteria into local and sectoral planning processes and instruments.
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In February 2021, the EU adopted the new Adaptation Strategy, setting its target
for achieving resilience to climate change by 2050, setting as objectives making adapta-
tion smarter, more systemic, swifter, and by stepping up international action, to reduce
climate-related risk and close the climate protection gap by improving adaptation strate-
gies and plans, promoting local resilience, integrating climate resilience in national fiscal
frameworks [9], issues immediately taken into account by Italy in the drafting of the Piano
Nazionale di Ripresa e Resilienza (PNRR), which provides the allocation of 59.47 billion
euro for the green revolution and ecological transition, the circular economy, sustainable
agriculture, renewable energy, sustainable mobility, ecological efficiency, upgrading of
buildings and protection of the territory [10], and which recalls the previous provisions of
the Strategia Nazionale di Adattamento ai Cambiamenti Climatici [11].

Indeed, the definition of design actions at the local scale becomes relevant, which
can lead to a significant update of technical policies, also through the search for new tools
suitable for the development of climate oriented urban design, to support local authorities
and designers through interdisciplinary approaches to integrate knowledge, methods and
instruments from the different disciplinary sectors of research [12-16].

For local institutions, the challenge is represented by the concrete possibility of adopt-
ing site-specific actions on local territories to guarantee the desired improvement in re-
sponse to the different phenomena that can arise in the urban environment, such as extreme
rainfall and pluvial flooding and, in particular, the increase in temperatures in urban con-
texts where the intensification of summer heatwaves and the occurrence of the “urban heat
island” effect is more noticeable [17-24].

Currently, thanks to the growing development of technological innovation processes,
the expert use of dedicated ICT tools guarantees the dissemination of techniques and
instruments aimed at investigating the phenomena and environmental interaction factors
capable of contributing to the variation of the urban microclimate and, at the same time, to
the definition of strategic actions suitable for improving well-being conditions in urban
open spaces, with particular attention to ongoing climate changes [25-27].

In this perspective, this study proposes the definition of a multi-criteria evaluation
system capable of assessing the adaptive capacity of urban open spaces to rising tempera-
tures. The proposal, entitled “Climate Adaptive Design Index for the Built Environment
-CADI-BE”, is based on an experimental procedure for urban open spaces’ technical and
performance control and climate-adaptive design actions in rising urban temperature con-
ditions. The CADI-BE approach has been developed taking into account the methodologies
defined during two research experiences carried out within the Department of Architecture
(DiARC) of the University of Naples Federico II: the applied research agreement with the
Municipality of Naples for the “Sustainable redevelopment of public spaces as part of
the Great Project of the Historic Centre of Naples, UNESCO site” [28-30] and the Project
“METROPOLIS-MEtodologie e Tecnologie integRate e sOstenibili Per ’adattamento e La
slcurezza di Sistemi urbani” [14,31,32], implemented within the company STRESS S.c.a.r.l.
on research funding program “PON Ricerca e Competitivita 2007-2013”, which focused
its application case on the East area of Naples, aimed at defining strategies and design
solutions capable of ensuring the improvement of the environmental performance of the
urban open space.

The paper in Section 2 describes the articulation of the methodological approach;
Section 3 and its sub-sections present the application to the case study selected as an
experimental area in the city of Naples; Section 4 describes the discussion of the results
and the conclusions.

2. Materials and Methods

The definition of the reliability of the CADI-BE assessment system of the adaptive
capacity of urban open spaces to rising temperatures has been structured through the
identification of a workflow of phases and actions, to carry out a technical-performance
verification on urban open spaces, identify urban regeneration design actions able to
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respond adequately to the rise of temperatures, and planning appropriate strategies to
climate change adaptation [33-35]. In particular, the workflow has been articulated into
the following main steps (Figure 1):

Step 1—Knowledge, Data collection and Criticality Analysis: the knowledge and
data collection of the urban, environmental and technological systems of open spaces
and technical-performance criticalities, through the acquisition of information by the
direct and indirect survey for the definition of spatial characteristics, the technical
analysis of materials and stratifications of horizontal surfaces of urban space and the
classification of physical and thermal characteristics (albedo, emissivity, roughness,
thermal conductivity), technological analysis of the horizontal and vertical surfaces
of context buildings (albedo, thermal conductivity), the survey of plant elements
(green areas, trees, etc.), the acquisition of data on technological and environmental
performance by the survey of specific parameters (air temperature, wind speed, surface
temperatures, etc.), and the acquisition of climate data [26,36,37];

Step 2—Analysis and Data Processing: the analysis of environmental and micro-
climatic performance, through simulation with ICT tools used to analyse the envi-
ronmental conditions of air temperatures, relative humidity, surface temperatures,
natural ventilation, Sky View Factor-SVF [38] and the analysis of comfort perception
through the Predicted Mean Vote-PMV index [39], both about the detection period,
July and August 2015, as the current climate scenario about the 2000s thirty years
(1990-2019) [40] and for medium-term scenarios of climate projections compared to the
2050s thirty years (2040-2069), obtained by climate file morphing operations [41-44];
Step 3—Sampling, Classification and Comparison: the sampling, classification and
comparison of the components of the urban, environmental and technological systems
of open spaces, through the determination of homogeneous urban patterns [45],
for the classification of recurrent and representative urban elements such as public
spaces (streets, squares and open spaces), collective and relevance space (courtyards,
courtyards, relevance spaces), the sampling of types of recurring urban elements
for the comparison of thermal well-being performance and the selection of areas to
operate software simulation testing;

Step 4—Multi-Criteria Assessment: the multi-criteria evaluation of the adaptive ca-
pacity of urban open spaces to rising temperatures, starting from the parameterisation
of the morphological and physical characteristics of open space about environmen-
tal comfort for the definition of morphological-environmental indicators; the multi-
criteria analysis applied to sample areas allows to understand the significance of the
characteristics that affect the urban microclimate, to verify the attribution of weights
to the analysis criteria, to structure the simulation of the performance of the and
climate-adaptive design solutions, to identify a ranking of technical-design solutions;
Step 5—Design Verification: design verification, which includes testing, meta-design
and decision-making processing to determine the contribution that each technical-
design solution can guarantee to improve outdoor thermal comfort in different appli-
cation urban patterns and open space, identifying climate-adaptive design solutions
that can be considered site-specific best practices [35,46-50].

The methodological phases allow acquiring the data and elements necessary for

the evaluation of microclimatic, environmental and morphological context conditions to
undertake an analytical-cognitive process that, through the use of ICT tools, allow to define
the performance of urban open spaces and assess the relative adaptive response, both in
the current and future scenarios as a response to climate changes.

The workflow application allows identifying the characteristics that make the use of

open spaces critical during the summer season and to determine a site-specific intervention
strategy by introducing new components within the physical system of open spaces to
guarantee better performance in terms of perceived environmental comfort users.
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Figure 1. Workflow for defining the CADI-BE multi-criteria assessment tool.

3. The Case Study and the Application of the Workflow
The workflow has been applied in the area of the city of Naples, Italy, defined by the

union of the study areas of the Great UNESCO Project for the Historic Centre of Naples
and the Eastern Area of Naples established in METROPOLIS—MEtodologie e Tecnologie
integRate e sOstenibili Per ’adattamentO e La slcurezza di Sistemi urbani.

The study area, of ca. 24.45 sq. km (Figure 2), identifies the opportunity of obtaining a
sample a comprehensive case study of types of urban open spaces, representative of the
typological and morphological variation of the different urban patterns present within
the city of Naples, such as the Ancient Centre and the Historical Centre, characterised by
narrow streets and terrace-courts or pavilion-courts building types built before the 20th
century; the city of expansion, characterised by medium-sized streets and terrace-courts
buildings; the completion city characterised by large-sized streets and terrace, tower or
pavilion buildings built during the 1970s and 1980s.

(a) (b) (©)
Figure 2. The perimeter of the study area: (a) Great UNESCO Project; (b) METROPOLIS Project; (c) Study area.

3.1. Knowledge of the Urban System

Based on the assumptions and similar requirements that emerged within the METROPO-
LIS Project [14,31,32,51], a classification of morphologically homogeneous urban patterns
has been carried out for the study [45], which made it possible to divide the territory into:

e  pre-nineteenth century pattern, which includes a substantial part of the Historic Centre
of Naples and is characterised by buildings built mainly until the end of the 18th
century and consisting of narrow streets, squares and small open spaces;
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[ PRE-NINETEENTH-CENTURY PATTERN

I TWENTIETH CENTURY PATTERN
I MODERN PATTERN
I CONTEMPORARY PATTERN

e nineteenth-century pattern, which includes a part in the north of the Historic Centre
of Naples and is characterised by buildings built mainly in the 19th century, whose
streets and squares are larger sized than those of the Ancient Centre;

e twentieth-century pattern, which includes a part to the south and east of the Historic
Centre of Naples and is characterised by buildings built mainly in the 19th and 20th
centuries, whose streets and squares are equal in size and/or greater than those of
nineteenth-century pattern;

e modern pattern, which includes construction interventions until the middle of the
20th century which consists of the districts of Barra, San Giovanni a Teduccio and
Ponticelli, characterised by the presence of medium-sized streets, private spaces and
small collective spaces;

e contemporary pattern, which includes construction interventions from the middle
of the 20th century to the present, which includes the area of the Centro Direzionale,
the residential construction of the neighbourhoods of Poggioreale, Gianturco, Barra,
San Giovanni a Teduccio and Ponticelli, with a prevalence of streets and collective
spaces wide.

The classification excluded tertiary and productive areas, focusing on those city pat-
terns at prevalent residential use. The chosen patterns are characterised by different mor-
phological, environmental and technological characteristics for open spaces and buildings,
with heterogeneous microclimatic characteristics in terms of environmental performance
compared to the increase in urban temperatures (Figure 3).

NINETEENTH-CENTURY PATTERN

Figure 3. Identification of morphologically homogeneous urban patterns.

Following the acquisition of cartography and photographic analysis procedures, in
addition to the comparison with satellite images, a campaign was conducted for the detec-
tion of environmental conditions within the study area (Appendix A, Figures Al and A2),
by using a FLIR E40 BX thermal camera (Appendix A, Figures A3-A5), an EXTECH AN200
thermo-anemometer and a FLIR MR77 IR thermometer, to obtain data on the physical and
thermal properties and the performance of the materials that cover the horizontal and
vertical surfaces of the analysed open spaces. These operations were conducted during
particularly hot days of the summer season and defined both based on an assessment of the
trend of temperature peaks relative to the previous days and concerning the temperature
data recorded in earlier years. The points taken into account for the survey were identified
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within homogeneous urban areas as representative of heterogeneity of morphological
characteristics, used materials, and vegetation presence.

The collected data for the Historic Centre, of which an extract is in Table 1, describe
how in a context where there is a reduced variation of urban materials, the performance of
the spaces is mainly influenced by the dimensional characteristics of the ratios between the
width of the roads and the height of the buildings (H/W) [52], then by the SVF [38] and
the orientation. For the Eastern Area of Naples (Table 2), where the spaces are more dilated
and where the dimensional relationships between the height and width are wider for open
spaces or roads, and the presence of trees and shaded areas are reduced, along with poorly
reflective and waterproof surfaces, the overall environmental performance is inadequate to
cope with the extreme conditions that occur during the summer season.

Table 1. Environmental data extract from the Historic Centre of Naples (August 2015, 13:00-15:00).

. . . . o Air Relative Wind Speed

ID Orientation H/W Ratio Materials Surf. Temp. °C Temp. °C Humidity % m/s

P13 E-SE 1.20 lava 57.6 30.0 48 0.50
stone basole

P14 NE 0.60 lava 57.1 32.0 48 1.20
stone cobbles

P15 NE 1.20 lava 54.8 32.0 48 0.60
stone basole

P16 E-SE 2.00 lava 48.0 31.0 48 0.50
stone basole

P17 NE 1.00 lava 63.1 - 48 0.80
stone basole

P18 E-SE 2.00 lava 56.5 31.0 51 0.50
stone basole

Table 2. Environmental data extract from the Ponticelli district area (July 2015, 11:00-14:00).
. . . . Surf. Temp. Air Relative Wind Speed

ID Orientation = H/W Ratio Materials oC Temp. °C Humidity % m/s

grey coloured 58.8
self-licking block '
P19 SW 0.38 32.0 37 2.0-2.5
red coloured 56.1
self-licking block ’
lava

stone “basole” 595

P20 SW - grit (granigliato) 49.5 35.0 37 0.50

P23 S-SE 1.00 uncultivated lawn 35.0 - 35 0.4-1.5

P25 S-SE 0.47 asphalt 54.0 34.0 34 0.50-1.50

The data collected made it possible to carry out an accurate survey of the materials
used such as those covers the horizontal surfaces within the studied areas, to associate
the relative physical and thermal properties, such as albedo, emissivity, roughness and
thermal conductivity, as well as to identify the stratigraphies of the soil profiles of the city
of Naples pavings.

The database of information and properties of materials, together with the survey
of microclimatic factors, constitute the information to be included as input in the ENVI-
met 3.1 microclimatic simulation software [53]. Collected data will be used to verify
the reliability of the software’s response to give back environmental data similar to the
real ones. The database also includes information on the environmental conditions of
the squares, streets, open spaces, courts and pertinence spaces within the study area,
describing a significant sample of the Neapolitan urban complexity, and allowing to define
a first relational characterisation between the morphological-environmental factors and the
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technological characteristics of the surfaces of the urban spaces of the study area which
extends, east to west, from the Ancient Centre to the Ponticelli district (Figure 4).

Figure 4. The perimeter of chosen areas for microclimatic analysis.

3.2. ICT Tools Environmental Analyses

The knowledge phase of the study areas has been followed by a simulation phase of
environmental and microclimatic conditions, carried out by the use of ENVI-met 3.1 [44],
through a process developed in different steps aimed at finding the critical issues of the
built urban space, which includes:

three-dimensional modelling of all study areas (buildings, paving, vegetation, etc.);
software configuration with input data (climate data, buildings characteristics, etc.);
the execution of simulations at the 2000s and 2050s scenarios;

reading and extracting the results of air temperature, surface temperature, relative
humidity, ventilation and people perceived comfort (PMV).

These operations allowed obtaining comparable results between the different study
areas, which will be used to evaluate the performance and adaptability degree of open
spaces to the increase in urban temperatures.

To obtain simulations that were closer to real conditions, it was necessary to customise
the basic libraries of ENVI-met 3.1, through the input of the materials and soil profiles
detected within the urban patterns of the study area, as well as information related to the
detected plant elements (3/5/7/12 m trees and 6/10/15 cm grass).

Following the three-dimensional restitution of the areas identified for the simulation
and the configuration of the climatic and environmental parameters of a representative
day of the temperatures summer trend for the city of Naples, simulations were carried out
starting from 6:00 am until 12:00 pm, the peak time of solar radiation. In addition, it was
necessary to set the parameters for the definition of the degree of perceived environmental
comfort (PMV) [54,55], through the input of the physical characteristics of an individual
considered standard (man, height 175 cm, 75 kg, 35 years old) and in the action of walking
(walking at a speed of 0.83 m/s, energy exchange with the environment of 116 W/m?,
clothing conforming to the summer season with corresponding clothing factor of 0.5).

A similar process was conducted for the 2050s future scenario simulations, for which
only air temperature, relative humidity and specific humidity data were modified. The
data for the future scenarios were obtained through the comparison with the climate data
acquired through morphing operations of the EPW files of the city of Naples [40,41,56],
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with the “CCWorldWeatherGen” tool, which is based on the HadCM3 A2 model of climate
change of the IPCC Third Assessment Report [41,42].

3.3. Sampling, Classification and Comparison of Urban Elements

At the end of the microclimatic simulation phases, it was chosen to extract and
compare only PMV values as a reference parameter to determine those factors that most
affect the performance behaviour of physical elements and define urban open spaces.

The result of this operation is the typological classification of the behaviour of the open
spaces of the urban patterns of the study area through the aggregation of a representative
number of urban open spaces classifiable in streets, squares and open spaces, courts,
courtyards and spaces of relevance (Figure 5).

ROAD

I SQUARE/OPEN SPACE ™. 3

COURT/COURTYARD/SPACE OF RELEVANCE
Figure 5. Identification and classification of sample areas.

For each open space identified and analysed, the corresponding average values of PMV
for the 2000s and 2050s were extracted. The values obtained show that the performance
differences can be read using as comparison parameters the total area expressed in square
meters, the orientation of the urban space concerning the direction of the prevailing winds
in the summer season [57], the average SVF value of the analysed urban space, the average
albedo of the paved surfaces, the ratio of waterproof-permeable surfaces, the average
albedo of the surrounding building’s facade, the average roofs albedo of the open space
surrounding buildings, the percentage of trees relative to the entire considered area, the
percentage of water bodies compared to the entire considered area, the percentage of
shading systems concerning the entire considered area (Appendix A, Figure A6).

For each sampled area, a unique code has been assigned, useful to recognise the area
of the city in which it is located: CS for the areas of the Historic Centre, MU for the areas
beyond the old walls of the centre, VA for the Vasto district, BA for the Barra district, PO
for the Ponticelli district.

The comparison and reading of the results of thermal well-being performance (PMV)
in the summer season to the 2000s and 2050s revealed differences and similarities to the
performance of the spaces in the different patterns. In this way, it was possible to further
group in clusters the analysed open spaces, based on the similarities related to microclimatic
performance found:

e the cluster of post "900 patterns, consisting of contemporary and modern patterns;

e the cluster of '800—"900 patterns, consisting of 19th-century and 18th-century patterns;

e the cluster of pre "800 patterns, composed of the pre-nineteenth-century patterns of
the Historic Centre, the Barra district, the Ponticelli district and the San Giovanni a
Teduccio district.
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The three clusters make it possible to describe the characteristics of the urban pattern
and to classify them, taking into account the specificities detected.

3.4. Multi-Criteria Evaluation and Meta-Design Verification

Based on the subdivision of patterns into clusters and the articulation of classified
open spaces, it was possible to carry out a structured multi-criteria assessment considering
the selected parameters that affect the perceived degree of outdoor comfort in open spaces.
The evaluation was carried out by defining a system of indicators useful to compare the
characteristics of the environmental performance of typologically homogeneous open
spaces and support a decision-making process [58,59] aimed at the selection of spaces able
to admit specific transformations (Figure 6).

Criteria  Indicators Description Unit Verse

The orientation of open space in the Naples East area is to be considered - VERY LOW
optimal when it faces the prevailing summer winds, S-W / N-E. On the

ORIENTATION i B -Low
contrary, an unfavourable orientation is the M-0/ 5-E ane: 2
_ [compared to g ont - AVERAGE A
s prevailing windsl o1 high at 5-0 / N-E: high to 5-50 / N-NE and W-50 / E-NE; average to - HIGH
= 5-N/E-O; low ta 5-5E / N-NW and 0-NO / E-SE; very low at 5-E / N-0 - VERY HIGH
o The Sky View Factor is the portion of the sky observable from a point. The
54 scale goes from 0 [obstructed skyl to 1 lopen skyl. The closer you are to 0,
SVF AVARAGE  the less is space’s ability to cool down at night. On contrary, an open space 0-1 ~=(0,50)
value close ta 1 is equally unfavourable for the amount of incident salar
radiation. Average values around £ 50 are to be preferred.
di Average val d 450 preferred
The waterproof surfaces prevent water from penetrating the ground,
PERMEABLE  preventing evaparation and evapotranspiration phenomena, which would % i
SURFACES increase the humidity of the air, by reducing temperatures. The greaferthe :
parmeable surface, the graater the benefit.
AVERAGE ;
The all f surfaces affects ,
ALBEDO OF Ly h?do of Surisces afie Values greater than or equal to 0.28 * are ro
the ability to reflect solar 0-1 ~[0,28)
Fedl B bl radiation [SR). High albedo precemen.
i r : !
(o] FACADES values prevent SR to be stored
j AVERAGE by materials and slowly release
e it into the environment as heat. Values greater than or equal to 0.68 ** are
o ALBEDO OF it h i Y] h Lta 068 01 A (0.68)
|'-|_J BUILDING The greater the reflection, the preferrad. fiai
<L ROOFS smaller  the amount  of
= AVERAGE accumulated radiation. On
ALBEDOOF  Contreny. ab:'}‘hh :i‘:::‘;” 2% Values greater than or equsl to 0.28 *** i o
PAVING gefigrg.s 8 Gt are to be preferred. L
SURFACES visual discomfort phenomena.
PERCENTAGE  The presence of water in the urban space contributes to the cooling of the
OF WATER air, The greater the number of water bodies, the better the benefits for % A
BODIES summer thermal comfort.
PERCENTAGE The trees provide areas of shade and trigger evapotranspiration phenomena.
- b i e greaterthe presence of trees, the better the perceved summer comfort , A
o E OF TREES Th h f he b h d f %
i [at least 50% of the area must be covered by the canopy of the trees).
-
I =
% 5 PERCENTAGE  Shading systems provide shaded areas where there Is no possibility of place
L QF SHADING  trees. 7he greaterthe amount of shade provided, the less solar radiation will % A

SYSTEMS be incident on the ground

3 ref'erring to the value SRI>28 (BSR/ASHRAE/USGBC/IESNA Standerd 189.1F, assuming emissivity = 0.90;
** referring to the value SRI>78 ILEED protocoll, assuming emissivity = 0.90;
*** raferring to the value SRI >28 (LEED protocoll, assuming emissivity = 0.90;

Figure 6. Definition of the indicators system.

The developed indicators system has been divided into three main criteria:

e the context, which collects descriptive indicators of orientation, concerning prevailing
winds—OR [18], and the average value of Sky View Factor—SVF [18,38];

e materials, which includes indicators of permeable surfaces—SP [29,60], building
facades albedo—AF [61], building roofs albedo—AT [60,62], open space pavings—
AP [63], water bodies percentage —AQ [53,63];
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e shading elements, which consider indicators of the percentage of trees—AL [60,62],
and the percentage of shading systems—SS [60,62].

Subsequently, a “Matrix of technological and morphological knowledge of the sample
areas of urban pattern clusters” was developed, the data of which were imputed within
the decision support software Defined 2.0 [64] to make a comparison between the types of
homogeneous open spaces and determine their criticalities and performance deficiencies.
Nine matrices were built, divided according to the clusters of urban patterns (Cluster pre
"800, Cluster “800-"900, Cluster post “900) and types of urban elements (Figure 7).

£% DEFINITE 2.0 - MATRICE CLUSTER 900 CORTI - ] X
File View Module Problem definition Settings Help
Problem [+ | e BE -
definition Start Altemalives Effecis Close
ek nza®¥od S %o e L 7
g B |unt PO-1 P02 ;m.a ‘po.a ‘m.s PO.5 ipo.r |BA-1 BA-2 BA-3 P
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Figure 7. Example of a matrix of technological and morphological knowledge of the sample areas of urban pattern clusters.

Afterwards, a multi-criteria analysis was carried out for each matrix using the ELEC-
TRE II evaluation method [65,66]. By determining the most appropriate type of utility
function, the standardisation of each indicator has been defined. Afterwards, two assess-
ments were carried out: the first, giving the same weight to the criteria to understand which
of the open spaces examined was preferable concerning the selected criteria (Figure 8);
the second, giving a different weight to the criteria for each of the urban pattern clusters,
taking into account the morphological and environmental characteristics of the patterns
analysed (Figure 9).

By the obtained results, the areas in the last positions of the ranking are those that, with
the same criteria attributed weight, present the most critical issues. Following the analysis
of the results, it was decided to assign different weights to the criteria, referring to what
emerged from the interpretation of the morphological and environmental characteristics of
analysed patterns (Table 3). In this way, it was possible to assign each indicator a different
order of preferability from 1 to 9, different for each of the urban pattern clusters, expressing
the adaptive capacity of morphological and environmental characteristics.

Table 3. Order of indicators preferability of urban pattern clusters.

Cluster SVF OR SP AF AT AP AQ AL SS
PRE "800 1 2 5 4 6 3 7 8 9
’800-"900 8 9 4 5 6 3 7 1 2

POST 900 1 2 5 7 8 6 9 3 4

From the comparison between the results of the two evaluations (the one with equal
weights and the other with differentiated weights), it is possible to find that the obtained
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systems are similar and allow to identify the same areas with the most critical issues.
From the multi-criteria evaluation, it was possible to select open spaces suitable for meta-
design verification. The choice fell on those spaces within each cluster that had recorded
intermediate values of PMV, excluding negative and positive extremes, and not considering
those categories of spaces whose sample was not significantly relevant (Figure 10).

The chosen test areas (identified with the letter T), selected from the open spaces in
clusters are the following: the TP8S area, as the representative street of the pre ‘800 pattern;
the TP8P area, as a representative square of the pre ‘800 pattern; the T89S area, as a
representative street of the ‘800-'900 pattern; the T89P area, as a representative square of
the "800—"900 pattern; the TP9S area, as a representative street of the post "900 pattern; the
TPIC area, as an example of a collective space representative of the post ‘900 pattern.
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Figure 8. Results of multi-criteria analysis with the same weighting to the three criteria.
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Figure 9. Multi-criteria analysis with a weighting of the criteria according to the order of preferability assigned to

the indicators.

To evaluate the improvement of the well-being conditions of climate-adaptive design
solutions and strategies, each open space has been subjected to a recursive microclimatic
simulation process of testing in ENVI-met to verifying the conditions of perceived peoples
outdoor comfort through the application of the following meta-design technical solutions
of climate-adaptive design, both to 2000s and to 2050s:

AF 0.28-albedo of building facades = 0.28;
AF 0.40-albedo of building facades = 0.40;
AF 0.50-albedo of building facades = 0.50;
AT 0.68-albedo of building roofs = 0.68;
AT 0.90-albedo of building roofs = 0.90;
TV-application of green roofs on buildings;
AP 0.28-outdoor paving albedo = 0.28;

AP 0.40-outdoor paving albedo = 0.40;

AP 0.50-outdoor paving albedo = 0.50;
PP-increase of permeable area;
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e AQ-application of water bodjies;
e  Al-increased presence of tree-lined;
e  OM-application of shading systems.

Figure 10. Identification of spaces for testing operations.

The facade and roof buildings albedo and external paving were simulated with
different thermal reflectance values to understand in which direction, negative or positive,
the change in performance took place. Different percentages of solutions application have
been adopted for each pattern and urban element, with a different acceptance degree of
the transformation and the actual feasibility of the interventions (green roof, trees, water
bodies and shading systems). In addition, a different roughness factor of the building has
been set up for test spaces, which allows the software to identify the context, city centre or
periphery. In Figure 11, simulated solutions are shown and in what percentage they have
been applied in the six test spaces.

The tests carried out made it possible to determine the improvement extent in mi-
croclimatic performance levels that can be achieved and which climate-adaptive design
solutions it is preferable to adopt within the different pattern clusters to define site-specific
adaptation strategies.

Figure 12 describes the preferability of the adopted solutions in test spaces, expressing
as a percentage the positive increase or negative decrease in thermal comfort values (PMV).
From observing the data obtained, the best results were found in the solutions that involve
the increase of trees and the use of permeable paving. In contrast, the solutions that involve
the growth of the albedo factors of the paving are ineffective. Among the introduced
strategies, the implementation of water bodies, although limited (between 10% and 15% of
the total surface of the test spaces), can ensure a good improvement in comfort conditions.
At the same time, the insertion of temporary shading structures, such as tensile structures,
shading systems along the walls of buildings and fixed elements such as pergolas, has
a positive effect. On the other hand, actions on building roofs, such as the use of cool
materials or green roofs, ensure a reduced benefit on open space. However, a negative
response emerged from the application of solutions that aim to increase albedo values for
building facades.
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TP8S TP8P T89S T89P TP9S TFP9C
AF 0.28 . 100 % . 100 % . 100 % . 100 % . 100 % . 100 %
AF 0.40 . 100 % . 100 % ® 100 % . 100 % . 100 % . 100 %
AF 0.50 . 100 % . 100 % . 100 % . 100 % . 100 % o 100 %
AT 0.68 . 100 % . 100 % ® 100 % . 100 % . 100 % . 100 %
AT 0.90 . 100 % . 100 % . 100 % . 100 % . 100 % . 100 %
TV ] 100 % . 81 % ® 96 % . 86 % . 96 % . %8 %
AP D028 3 100 % . 100 % ® 100 % . 100 % . 100 % . 100 %
AP 0.40 . 00 % . 100 % . 100 % . 100 % . 100 % . 100 %
AP 0.50 . 100 % . 100 % ® 100 % . 100 % . 100 % . 100 %
PP . 100 % . 100 % ° 100 % . 100 % . 100 % . 100 %
AL . 41% . 26 % . 61% . 50 % . 50 % . 40 %
AQ o - . 14 % o - . 12% - . 15%
oM . 20% . 1% » 2% . 17% . 19 % . 2%

Figure 11. Climate adaptive design solutions for each of the test spaces are expressed as a percentage.

TP8S TP8P T89S T89P 1P55 TP9C
AF 0.28 +546% | - +695% - +4,02% - +1,16% | - +261% - +1,99%
AF 0.40 +1351% | -  +17.10% - +987% | - +3.04% | - +6,63% | - +4,96%
AF 0.50 +1998% -  +2527% - @ +14,48% - +4,69% | - +9,56% @ - + 7,39%
AT 0.68 -111% | 7 -1,37% 6 -0,63% 8 -096% | 5 -1,60% 7 - 088%
AT 0.90 -155% 6 -189% 5 -1,09% 7 -131% | 4 -220% 6 - 1.21%
™ -006% 9 041% 7 -0,62% 9 -092% | 6 -054% | 8 - 0,24%
AP 0.28 +130% 5 -2,74% 4 -1,10% 5 -352% | - +038% | 5 -1,61%
AP 0.40 +346% 8B -1,03% - +236% | 6 -1,36% | - +3,20% | - +1.71%
AP 0.50 +546% | - +021% - +508% - +0,12% | - +539% | - +4,30%
PP -1545% 2 -2001% 2 -19,75% 2 -2715% | 2 -14,18% 2  -20,14%
AL -3955% 1 3335% 1 -3099% 1 -5786% | 1 -3376% 1 -5320%
AQ 3 0% - -3 NM07%| - -3 -1063%
oM -881% 4 -7.98% 3 -657% 4 -694% | 3 -697% 4 - 6,70%

Figure 12. Preferable adopted solutions in test spaces and comfort performances (PMV).

3.5. Definition of the CADI-BE, an Adaptive Capacity Assessment System to Rising
Urban Temperatures

Completed the meta-design phase, the Climate Adaptive Design Index for the Built
Environment-CADI-BE evaluation system was developed, intended as a tool to be applied
as a monitoring and verifying device for the environmental performance of open space
concerning the increase in summer temperatures, but also as a decision support system to
design choices.

Based on the indicators selected for the multi-criteria evaluation process and following
the reading and interpretation of the results emerging from the first meta-design phase on
the six test open spaces, it was possible to identify the extent to which the improvement of
microclimatic performance levels can be achieved. At the same time, it was understood
which climate-adaptive design solutions it is preferable to adopt within the different pattern
clusters to define site-specific adaptation strategies to reduce the negative effects of high
temperatures and improvement of perceived microclimatic outdoor comfort.
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The ranking of preferably obtained from the evaluation of adaptive design solutions
for test areas has allowed defining benchmark conditions (Figure 13) to be taken into
account in the choice of actions to be implemented to mitigate the negative effects due to
the increase in summer temperatures in the eastern area of Naples.

CATEGORY ~ MULTIPLICATIO INDICATOR PARTIAL
CRITERION INDICATOR
WEIGHT N FACTORS (m) WEIGHT (w]  MULTIPLIER (K)
ORIENTATION - CO1 40 % 0,72
CONTEXT 20 % 1,8
SVF - C02 60 % 1,08
PERMEABLE SURFACES - M01 38 % 1,71
ALBEDO OF BUILDING FACADES - M02 5% 0,23
MATERIALS 50% i 5 ALBEDO OF BUILDING ROOFS - M03 19 % 0,86
ALBEDO OF PAVING SURFACES - M04 19 % 0,86
WATER BODIES - M05 19 % 0,86
0,
CHRBING TREES - 001 70 % 1,89
30% 2.7
ELEMENTS SHADING SYSTEMS - 002 30 % 0,81

Figure 13. Benchmark of the indicators core set: weights and influence factors of criteria and indicators.

For each of the criteria and indicators, the weight expressed in percentage terms has
been identified, which makes it possible to explain the level of influence it can have on
the assessment of the open space performance in the summer period, and on the final
assessment of the open spaces adaptive capacity to the increase in urban temperatures
due to climate change. Five benchmarks are associated with each indicator, which assigns
a performance index expressed in values 1, 3, 5, 7 and 9, which identify the degree of
preferably with other conditions and contribute to determining open spaces’ adaptive
capacity to the increase in summer temperatures.

In addition, concerning historical study areas with constraint conditions, specific
benchmarks have been defined for the indicators of pavings average albedo—MO04, per-
centage of trees—O01 and percentage of shading systems—O02.

The core set of indicators provides a calculation system for the attribution of a global
performance score. After having assigned a performance index (i), on a scale from 1 to 9
concerning the corresponding benchmark, a product operation is performed for a partial
multiplier (K) identified for each indicator:

K=w Xxm 1

where:
w: weight of the indicator; m: influence criterion factor.
The result is a partial score (p) that defines the performance level concerning the
indicator:
p=(/9) xK 2)

where:
K: partial multiplier; i: performance index from 1 to 9.
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The next step is to sum the obtained partial scores for each criterion to obtain the total
score of the indicator category (P). The score obtained is normalised to get a weighted score
(PP), with a maximum achievable value of 5:

PP = (5 x P)/m 3)

where:

P: total score of the indicator category; m: influence criterion factor.

The system provides that, after obtaining the weighted score (PP) for each of the three
categories of indicators (context, materials, shading elements), and having performed a
weighted average of the individual scores, a global score from 0 (inadequate) to 5 (ideal)
defines the obtained performance level, where 3 (good practice) represents the minimum
threshold to be reached so that the performance of open space can adapt and resist the
increase in summer temperatures compared to the most extreme future scenarios [67]
(Supplementary Materials Spreadsheet S1).

The obtained results are summarised in a performance assessment sheet of the open
space concerning the increase in summer temperatures (Figure 14), which shows the overall
score achieved, the partial scores of absolute and relative performance, a graph indicating
the partial performance achieved for each category of indicators, the partial multiplication
factors, the criteria, and benchmarks for the classification of the overall result obtained
within the performance ranges.
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(a) (b)
Figure 14. CADI-BE evaluation system sheets: (a) compilation sheet; (b) indicator sample sheet.

In addition, an explanatory sheet has been prepared for each indicator, describing
the reference criterion group, a brief description, the purpose of the indicator, the weight
of the criterion and the relative weight of the indicator concerning the reference crite-
rion, the process or method of calculation, the scores that can be assigned under stan-
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dard conditions or specific conditions for historical context areas characterised by con-
straint conditions, literature references [67] (Figure 14, Appendix A, Figures A7-A16 and
Supplementary Materials Document S1).

3.6. CADI-BE Reliability Verification

Following the definition of the indicators core set, it was carried out the test of
the reliability of the CADI-BE evaluation system for the analysis of performance and
perceived environmental comfort through the comparison of the obtained results through
software simulations of meta-design actions conducted on three of the six test areas (TP8S,
T89P, TPIC).

For the three areas, two application scenarios have been hypothesised, one light and
one hard, in which different types and application quantities of climate-adaptive design
actions have been applied, such as cool materials, urban greening, shading systems, water
bodies (Figures 15-17).
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Figure 15. Registration of the TPIC test area in the actual condition: (a) technological analysis; (b) environmental analysis;

(c) CADI-BE output.

A comparison of the average PMV values recorded in the actual condition of the
three examined open spaces and in the light and hard meta-design proposals show how
climate-adaptive design actions can contribute to the improvement of urban micro-climatic
conditions until the achievement of adequate comfort conditions during the current climate
scenario and medium-term future scenarios (Table 4).

The CADI-BE system has made it possible to define a preferable order (Table 5)
concerning the adaptive capacity of the three selected space areas. The results show that the
obtained ranking follows the trend of performance improvement compared to the achieved
PMYV average values, confirming the reliability of the developed evaluation system.
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Figure 16. Registration of the TP9C test area with a light meta-design proposal: (a) technological analysis; (b) environmental
analysis; (c) CADI-BE output.
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Figure 17. Registration of the TPIC test area with a hard meta-design proposal: (a) technological analysis; (b) environmental
analysis; (c) CADI-BE output.

Table 4. Comparison of PMV average values: absolute reduction and percentage.

Meta—Design Average PMV PMY Percentage Average PMV PMY Percentage

. Reduction . Reduction .
Alternatives 2000s Reduction 2050s Reduction

2000s 2050s

TP8-Hard 2.78 —-2.21 —44.29% 3.16 —2.32 —42.34%
TP8S-Light 3.70 —-1.29 —25.85% 4.29 -1.19 —21.72%
TP8S-SDF 4.99 — — 5.48 — -
T89P-Hard 3.22 —-3.11 —49.13% 3.61 —-3.27 —47.53%
T89P-Light 417 —-2.16 —34.12% 4.63 —-2.25 —32.70%
T89P-SDF 6.33 — — 6.88 — —
TP9C-Hard 2.69 —2.58 —48.96% 3.08 —2.71 —46.80%
TP9C-Light 3.83 —1.44 —27.32% 4.29 —-1.5 —25.91%

TP9C-SDF 5.27 — — 5.79 - —
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Table 5. Comparison of PMV average values: absolute reduction and percentage.

Meta-Design Alternatives CADI-BE Index
TP8S-Hard 2.78
TP8S-Light 3.70
TP8S-SDF 4.99
T89P-Hard 3.22
T89P-Light 4.17
T89P-SDF 6.33
TP9C-Hard 2.69
TP9C-Light 3.83
TP9C-SDF 5.27

In addition, further verification was carried out through the application of the Analytic
Hierarchy Process (AHP) multi-criteria method [68,69], and Expert Choice software [70]
(Figure 18). The verification process was structured through the proposition within the
evaluation software of the indicator system and the meta-design alternatives applied to
the three verification areas, making the same attribution of weights to the indicators and
criteria. The purpose of this verification is to analyse the degree of consistency between the
weights attributed to the criteria and indicators and to validate the evaluation approach of
alternative climate-adaptive design solutions.

Expert Choice  GAMEGA\DOTTORATON_TESN_VALUTAZIONENSIMULAZIONE EXPERT CHOICE\INDICATORI SPAP3.AHP - O ®
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TP8S -Sol. Ligh .119
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T89P - Sol. Harc 160 ,

Figure 18. Definition of the decision-making problem by assigning the weight to criteria and indicators.

After setting the decision problem, the AHP method allows obtaining a ranking of
preferably between the open spaces examined and the analysed solutions (Figure 19).

A comparison of the ranking of adaptive capacity preferably through the proposed
solutions defined by applying the AHP method and that achieved through the CADI-
BE index shows that the same order has been obtained. This verification establishes a
high degree of consistency between the weighting of the selected criteria and indicators,
validating the significance of the process through the overall inconsistency level of 0.01,
below the 0.10 limit recognised by the AHP method. In addition, the Expert Choice software
allows generating a sensitivity analysis that shows how the priorities between meta-design
alternatives are explicit concerning each criterion (Figure 20).
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Figure 20. Sensitivity analysis of the performance of meta-design alternatives.

4. Discussion

The purpose that has led to the definition of a core set of indicators as a tool for evalu-
ating the environmental performance of open spaces to the increase in urban temperatures,
is to obtain a simple tool in its use and capable of indirectly defining guidelines or actions
as a designers protocol for the development of climate-adaptive urban redevelopment
design actions.

The developed and tested methodology has allowed defining the CADI-BE, based
on the definition of strategic interventions capable of increasing the environmental per-
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formance of public open spaces, as places for collective living and not inaccessible and
unlivable places in specific extreme conditions.

The expected performance response to the different degrees of redevelopment, the less
invasive (light) and the more extreme (hard), manages to guarantee significant improve-
ments in both cases, which translate on average into an increase in well-being conditions in
the different contexts and climatic scenarios, which is around 20-30% for light interventions
and 40-50% for the hard one (Table 4).

In general, the application of a widespread intervention strategy over the entire study
area, in those open spaces that may be more significant and where the combined adoption of
climate-adaptive design solutions are capable of ensuring microclimatic benefits is expected,
can guarantee advantages even where it is not possible to intervene. Areas, where higher
comfort levels can be achieved, will have a positive influence on both buildings and other
immediately circumstantial areas [71-76].

The Eastern Area and the Historical Centre of Naples describe exemplified urban
patterns regarding the morphology and microclimatic behaviour of the entire Neapolitan
territory. Through the proposed methodological path, the solutions identified and the veri-
fications carried out are possible to achieve the definition and control of the performative
response of strategic adaptation actions identified starting from the specific needs of the
different urban patterns. Climate adaptive design solutions, defined and tested through
the use of ICT tools simulations, can be valid and replicable even for those urban open
spaces that have morphological and performance characteristics similar to those of the
areas subject to in-depth study, to achieve a similar performance improvement.

Quick verification of the performative response can be carried out through the CADI-
BE, to speed up the choice of solutions and monitoring operations. The aim is to quickly
manage the process of verifying the degree of reception and performance of climate-
adaptive design solutions within the different patterns of the city, as well as to provide the
start of a process of widespread redevelopment and improvement of the environmental
and architectural quality of urban open spaces, which allow reducing the negative effects
of urban temperatures through the creation of places with high adaptive capacity.

5. Conclusions

The objective that led to the definition of a set of indicators as a tool to assess the
environmental performance of open spaces concerning the increase of urban temperatures
is to obtain a tool simple in its use and able to indirectly define guidelines or actions
in the form of a protocol for designers for the development of climate-adaptive urban
regeneration projects.

CADI-BE is thus a valuable tool for assessing the characteristics of open space, which
adversely affect the perception of comfort in terms of environmental stimuli due to the
increase in summer temperatures.

If the methodological process developed is transferred, applied and calibrated for the
different climatic and morphological conditions of the capital cities of the Italian provinces,
in analogy to what happened for the definition of the Italian climate record database for
UNI 10349:1994 [77] that allows to carry out thermo-physical analyses to determine the
energy performance of buildings, and for major European cities, CADI-BE could be a
tool to support decisions for designers and public administrations in the definition of
climate-adaptive environmental redevelopment interventions.

In Italy, in addition to what is happening with the strong incentivisation of actions for
the energy requalification of buildings, and therefore mitigation, with state incentives at
110%, 90% and 65%, with the National Recovery and Resilience Plan-PNRR, which will be
financed by Recovery Plan funds allocated by the European Union, 15.06 billion euros have
been earmarked for adaptation actions capable of preventing and contrasting the effects of
climate change on the national territory [10]. These actions envisage the implementation of
measures for integrated risk management, interventions aimed at resilience, valorisation
and better energy management within Italian municipalities, also through the protection
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and valorisation of urban and suburban green areas, but also foreseeing the strengthening
of the forecasting capacity of the effects of climate change with advanced and integrated
monitoring and forecasting systems.

It is expected that the proposed actions will be able to increase the resilience of the
Italian territory to the negative effects of climate change through a heterogeneous set
of actions able to improve the quality of life and the well-being of citizens through the
protection of existing green areas, but also with the creation of new ones, to be understood
also as actions of urban greening and the creation of green infrastructures, with the ultimate
aim of preserving and enhancing biodiversity and ecological processes related to the full
functionality of ecosystems, with a careful eye to the human habitat.

It is clear, however, that the funds allocated to the PNRR alone will not be able to
cover the investments on the entire national territory and that some actions will be aimed
mainly at the 14 metropolitan cities, those that are currently most exposed to different
environmental and climate risks. In this perspective, the main Italian cities will have to
become a permanent laboratory for experimenting with climate mitigation and adaptation
actions, to be calibrated and transferred to the whole national territory and, at the same
time, trying to anticipate and exploit some of the advantages deriving from climate change,
such as the increase in global average temperatures in the winter season, to reduce primary
energy consumption and consequently CO, emissions.

Adopting an expeditious survey tool for the definition of climate adaptation interven-
tions at the urban scale would be a supra-portal decision-making practice adaptable to any
Italian and European urban context, provided that the reference environmental conditions
are defined. From this point of view, the CADI-BE approach, in addition to being inte-
grated into the tools for managing the forecasting of phenomena linked to climate change
in the urban environment, would represent a tool capable of facilitating designers and
decision-makers in control and verification of the adequacy and compliance with changing
environmental needs in the implementation of interventions for the redevelopment of
public and private space, through the introduction of new characteristics and performance
of reducing the negative effects of urban temperatures, guaranteeing widespread benefits
determined by adequate levels of perceived comfort during the summer season and the
occurrence of heatwaves.

Supplementary Materials: The following are available online https://sites.google.com/view /cadi-
be/home and https://www.mdpi.com/article/10.3390/en14154630/s1, Spreadsheet S1: CADI-
BE_Spreadsheet, Document S1: CADI-BE_Indicator Core Set.
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Figure Al. Location of the detected points during the survey of the environmental conditions of the Historic Centre of
Naples: (a) 5 August 2014, h. 10:00-13:00 (b) 6 August 2014, h. 10:00-13:00.
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Figure A2. Location of the detected points during the survey of the environmental conditions of the Ponticelli district: (a)
3 July 2015, h. 11:00-12:00; (b) 3 July 2015, h. 12:30-15:00.

Figure A3. Thermographic surveys of the 5 August 2014 of Duomo Street (P9), Largo San Giovanni
Maggiore (P5), Banchi Nuovi Square (P4).
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Figure A4. Thermographic surveys of the 6 August 2014 of San Francesco di Paola Square (P13),
Foria Street (P17), Largo Porta Capuana (P15).

Figure A5. Thermographic surveys of the 3 July 2015 of “Lotto PSER” in Fratelli Grimm Avenue
(P19), Vincenzo Aprea Square (P29), Margherita Avenue (P31).
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Figure A6. Extract from the matrix of technological and morphological knowledge of sample urban elements.
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\ CONTEXT \

C01 [ ORIENTATION

INDICATOR: Qrientation of open spaces in the direction of prevailing winds

Purpose

The orientation towards which an open space faces, be it a street, a square, an open space, determines a
greater probability that space will be affected by the wind. During the summer, the prevailing winds
penetrating inside the urban fabric, favour the mitigation of high temperatures.

Criterion weight 20 % | Indicator weight relative to the criterion 40 %

Measurement/processing method

The verification is carried out through a first phase of defining the dominant direction of the summer winds
that insist on the study area. The maximum score is assigned to the cardinal direction on which the prevailing
wind insists, while the minimum score is attributed to the direction orthogonal to it. To the open space is
assigned a score to the combination between the wind direction and the planimetric orientation.

S-E/N-0 very low wind mitigating influence
S-SE/N-NW e 0-NO / E-SE low wind mitigative influence

SCORE

S-N/ E-0 average wind mitigative influence

S-S50/ N-NE e 0-S0/ E-NE high wind mitigative influence

O || —

S-0/ N-E very high wind mitigative influence

Figure A7. Descriptive sheet of the indicator of “Orientation”.

\ CONTEXT \

c02 [ SKYVIEW FACTOR

Purpose

The SVF describes the portion of the sky that is observable from a given point in an open space. This
parameter allows evaluating both the compactness of open space to its morphological characteristics and
the amount of solar radiation that can hit urban surfaces during the hours of sunshine.

Criterion weight 20 % | Indicator weight relative to the criterion 60 %

Measurement/processing method

The measurement scale ranges from 0 (obstructed sky) to 1 (open skyl. The closer to 0, the less space's
ability to cool down at night. On the opposite, an open space value close to 1 is equally unfavourable for the
amount of incident solar radiation. Average values around the value of 0.50 are to be preferred.

The verification involves determining the average value of the considered study area, also taking into
account the obstruction created by the vegetation.

values between 0.00 - 0.10 and among 0.90 - 1.00
values between 0.10 - 0.20 and armong 0.80 - 0.90
values between 0.20 - 0.30 and among 0.70 - 0.80

SCORE
values between 0.30 - 0.40 and among 0.60 - 0.70

|- o w o

values between 0.40 - 0.60

Figure A8. Descriptive sheet of the indicator of “Sky View Factor”.
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\ MATERIALS \

M01 [ PERMEABLE SURFACES

INDICATOR: Quantity of permeable and semi-permeable external surfaces among total surface

Purpose

Minimize the interruption and pollution of natural water flows (UNI/PdR 13.1:2015).

The surface of a soil characterized by draining surface materials such as pressed sand or loam, pebbles and
dry-laid cubes, lawn, blocks with interposed plant materials, must be extended to facilitate the diffuse and
slow-speed penetration of rainwater and waste water (UNI 11277:2008).

Criterion weight 50 % | Indicator weight relative to the criterion 38 %

Measurement/processing method

The verification of the criterion includes:
1. calculate the total area of open space surfaces; (A
2. calculate the area of permeable external surfaces as the sum of the surfaces multiplied by the relative
percentage of permeability; (B)
3. calculate the percentage of permeable external surfaces compared to the total:
B/Ax 100

4. comparison of the calculated value with the benchmarks of the performance scale and attribution of the
score.

percentage of permeable surfaces compared to the total < 20 %

20 % = percentage of permeable surfaces compared to the total <35 %

SCORE

35 % = percentage of permeable surfaces compared to the total < 50 %

50 % = percentage of permeable surfaces compared to the total <75 %

©Olw o|w —

percentage of permeable surfaces compared to the total >75%

Figure A9. Descriptive sheet of the indicator of “Permeable surfaces”.

\ MATERIALS \

M0O2 I AVERAGE ALBEDO OF BUILDING FACADES

INDICATOR: Average reflectance factor of buildings vert

Purpose

The albedo of the buildings external vertical surfaces affects the increase in the average radiant temperature
within urban canyons. The higher the reflectance factor, the higher the air temperatures and the worse the
thermal comfort levels in the environment.

Criterion weight 50 % | Indicator weight relative to the criterion 5%

Measurement/processing method

The verification of the criterion includes:
1. identify the albedo factor for all vertical surfaces of buildings; (A, Ay, ..., Al
2. calculate the area of the vertical surfaces of buildings corresponding to the albedo values; (B1, B, ..., Bil
3. calculate the average albedo value of all external surfaces to the total:
[A*Bi)+ [A2*Bo)+ ... + (A*B,) /100

4. comparison of the calculated value with the benchmarks of the performance scale and attribution of the

score.
average albedo factor of buildings vertical surfaces > 0.50
average albedo factor of buildings vertical surfaces > 0.40
SCORE average albedo factor of buildings vertical surfaces > 0.28

average albedo factor of buildings vertical surfaces = 0.28

ol a|w =

average albedo factor of buildings vertical surfaces < 0.28

Figure A10. Descriptive sheet of the indicator of “Average albedo of building facades”.
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MATERIALS

M03 I AVERAGE ALBEDO OF BUILDING ROOFS

INDICATOR: Average reflectance factor of buildings horizontal roofing surfaces

Purpose

The albedo of buildings horizontal roofing surfaces can determine, as well as the worsening of indoor
thermal comfort, an increase in the air temperature of the open space with a worsening of thermal comfort
levels in the urban environment.

Increasing the albedo factor of the roofs of buildings allows obtaining a double benefit, both indoors and
outdoors.

Criterion weight 50 9% | Indicator weight relative to the criterion 19 %

Measurement/processing method

The verification of the criterion includes:
1. identify the albedo factor for all horizontal surfaces of buildings; (A1, As, ..., Ad)
2. calculate the area of buildings horizontal surfaces corresponding to the albedo values; (By, By, ..., By
3. calculate the average albedo value of all external surfaces to the total:
(A*Bi)+ [A2*Ba)+ ... + [A*B.) /100

4. comparison of calculated value with the benchmarks of the performance scale and attribution of the score.

If at least 75% of green roof is installed on the horizontal surfaces of buildings, 1 point is attributed,
corresponding to an average albedo value of 0.20.

average albedo factor of buildings horizontal surfaces = 0.20 [green roof]

average albedo factor of buildings horizontal surfaces < 0.50

average albedo factor of buildings horizontal surfaces < 0.68

SCORE

average albedo factor of buildings horizontal surfaces > 0.48

~0 =1 U1 W —

average albedo factor of buildings horizontal surfaces > 0.90

Figure A11. Descriptive sheet of the indicator of “Average albedo of building roofs”.
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MATERIALS

MQO4 I AVERAGE ALBEDO OF PAVING SURFACES

INDICATOR: Average reflectance factor of urban open spaces horizontal surfaces

Purpose

The albedo of external paved surfaces affects the ability of the material to reflect solar radiation, not allowing
this to be stored by the materials and then slowly returned in the form of heat, allowing the external
temperature of the air to be reduced.

Criterion weight 50 % | Indicator weight relative to the criterion 19 %

Measurement/processing method

The verification of the criterion includes:
1. identify the albedo factor for all horizontal surfaces of open space; (A1, Az, ..., Al
2. calculate the area of the external surfaces corresponding to each albedo factor; (By, Bz, ..., By
3. calculate the average albedo value of all external surfaces to the total:
(A*Bi)+ [Ao*Bol+ ... + [A*B.) / 100

4. comparison of calculated value with the benchmarks of the performance scale and attribution of the score.

To obtain the score, it is necessary to avoid the occurrence of thermal discomfort phenomena due to the
increase in the average radiant temperature emitted by the surfaces; permeable or semi-permeable
flooring systems must be provided for at least 50% of the total surface.

average albedo factor of open space horizontal surfaces < 0.28

average albedo factor of open space horizontal surfaces < 0.40

SCORE

average albedo factor of open space horizantal surfaces < 0.50

average albedo factor of open space horizontal surfaces < 0.60

0 |0 W[ —

average albedo factor of open space horizontal surfaces = 0.60

Historical Center Score Correction

In the historical parts of the city characterized by constraint conditions, a different score is attributed
assuming the use of not excessively clear paving materials, otherwise not compatible with the constraints.

1 average albedo factor of open space horizontal surfaces <0.28
3 average albedo factor of open space horizantal surfaces < 0.35
SCORE 5 average albedo factor of open space horizontal surfaces < 0.42
7 average albedo factor of open space horizontal surfaces < 0.50
9 average albedo factor of open space horizental surfaces = 0.50

Figure A12. Descriptive sheet of the indicator of “Average albedo of paving surfaces”.
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MATERIALS

MOb5 I PERCENTAGE OF WATER BODIES

INDICATOR: Quantity of water bodies within open spaces

Purpose

The presence of water bodies within the urban space [basins, fountains, etc.) contributes to the cooling of
the air. The greater the number of water bodies, the greater the benefits for thermal comfort during the
summer season.

Criterion weight B0 % | Indicator weight relative to the criterion 19 %

Measurement/processing method

The verification of the criterion includes:

1. calculate the total area of open space surfaces; (A

2. calculate the area of the surface covered by water bodies; (B)

3. calculate the percentage of surfaces covered by water bodies compared to the total:
B/A x 100

4. comparison of calculated value with the benchmarks of the performance scale and attribution of the score.

1 percentage of water bodies between 0 - 4 %

percentage of water bodies between 5 - 9 %

percentage of water bodies between 10 -14 %

SCORE

percentage of water bodies between 15 -19 %

O ~3| o1 W

percentage of water bodies > 20%

Figure A13. Descriptive sheet of the indicator of “Water bodies”.
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SHADING ELEMENTS

001 [J] PERCENTAGE OF TREES

INDICATOR: Quantity of trees that provide shade open spaces surface

Purpose

The use of trees in open spaces allows creating shaded areas by reducing the load of solar radiation on
paving surfaces, also by triggering evapotranspiration phenomena from the ground. The greater the
presence of trees, the better the perceived comfort during the summer season.

Criterion weight 30 % | Indicator weight relative to the criterion 70 %

Measurement/processing method

The verification of the criterion includes:
1. calculate the total area of open space surfaces; (A)
2. calculate the area of the surface currently covered hy trees or the expected size for growth from the crown
depending on the tree species chosen; (B)
3. calculate the percentage of area covered by trees to the total:
B/A x 100

4. comparison of calculated value with the benchmarks of the performance scale and attribution of the score.

Providing shaded areas in areas whit a greater thermal load due to the orientation and greater width of the
space helps to create protected paths and rest areas.

1 percentage of area covered by trees <20 %

3 percentage of surface covered by trees between 20 - 29 %
SCORE 5 percentage of surface covered by trees between 30 -39 %

7 percentage of surface covered by trees between 40 - 49 %

9 percentage of area covered by trees > 50 %

Historical Center Score Correction

In the historical parts of the city, a different score is attributed based on the morphological characteristics
and the constraint conditions that prevent the excessive use of trees.

percentage of surface covered by trees between 0-9 %

percentage of surface covered by trees between 10-19 %

SCORE

percentage of surface covered by trees between 20 - 24 %

percentage of surface covered by trees between 25 - 29 %

N o W —

percentage of area covered by trees > 30 %

Figure A14. Descriptive sheet of the indicator of “Trees”.
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SHADING ELEMENTS

002 I PERCENTAGE OF SHADING SYSTEMS

INDICATOR: Quantity of solar shading systems of open spaces surface

Purpose

The use of solar shading systems in open spaces [pergolas, tensile structures, umbrellas, etc.] allows
creating shading areas by reducing the load of solar radiation on paving surfaces. The greater the presence
of fixed and mobile screening systems, the better the perceived summer comfort.

Measurement/processing method

The verification of the criterion includes:

1. calculate the total area of open space surfaces; (A)

2. calculate the area of the surface covered by shading systems; (B)

3. calculate the percentage of surface covered by shading systems compared to the total:
B/A x 100

4. comparison of calculated value with the benchmarks of the performance scale and attribution of the score.

Providing shading in areas where affects a higher thermal load due to the orientation and width of the urban
space helps to create protected paths and rest areas.

1 percentuale di superficie coperta da sistemi di schermatura < 10 %

3 percentuale di superficie coperta da sistemi di schermatura compresitra 10- 19 %
SCORE 5 percentuale di superficie coperta da sistemi di schermatura compresi tra 20 - 29 %

7 percentuale di superficie coperta da sistemi di schermatura compresi tra 30 - 39 %

9 percentuale di superficie coperta da sistemi di schermatura > 40 %

Historical Center Score Correction

In the historical areas of the city, a different score is assigned based on the morphological characteristics
and the constraint conditions that prevent the use of oversized shielding structures.

1 percentuale di superficie coperta da sistemi di schermatura compresitra 0 - 9 %

3 percentuale di superficie coperta da sistemi di schermatura compresitra 10 - 19 %
SCORE 5 percentuale di superficie coperta da sistemi di schermatura compresitra 20 - 24 %

7 percentuale di superficie coperta da sistemi di schermatura compresitra 25 - 29 %

9 percentuale di superficie coperta da sistemi di schermatura > 30 %

Figure A15. Descriptive sheet of the indicator of “Shading systems”.
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HISTORICAL
CENTER SCORE
CORRECTION

CRITERION PARTIAL REFERENCE

CRITERIA INDICATORS WEIGHT WEIGHT REFERENCE INDEXES SCORE INDEXES

S-E/N-0
S-SE/N-NWe 0-NO/E-SE
ORIENTATION 40 % 5-N/E-0
S-S50/ N-NE e 0-50 / E-NE

S-0/N-E

0.00-0.10e 0.90 - 1.00
0.10 - 0.20 e 0.80 - 0.90
SVF 60 % 0.20-0.30e0.70 - 0.80
0.30-0.40e 0.60 - 0.70
0.40 - 0.60
<20 %
<35%
38 % <50 %
<75 %
> 75 %
>0.50
BUILDING > 0.40
FACADES 5% >0.28
ALBEDO =0.28
< (.28
= 0.20 [tetto verde)
BUILDING < 0.50
ROOFS 50 % 19 % < 0.68
ALBEDO >0.68
> 0.90
< 0.728
PAVING < 0.40
SURFACES 19 % < (0.50
ALBEDO < 0.60
> (.60
0-4%
5-9%
19 % 10-14%
15-19 %
220%
<20 %
20-29 %
TREES 70 % 30 - 3% %
40 - 49 %
>50 %
<10 %
10-19%
30 % 20-29%
30-39%
> 40 %

20 %

CONTEXT

PERMEABLE
SURFACES

MATERIALS

<(0.28
<0.35
<0.42
< 0.50
=0.50

o|=1|u|w|—

WATER
BODIES

<10%
10-19%
20-24%
25-29%
230 %
<10 %
10-19%
20-24%
25-29%
> 30 %

30 %

SHADING
SYSTEMS

SHADING ELEMENTS

0o |w|—=|v|o|w|=|e(uaow|—=eaufw|—|w|ao|w|=]olwlo|w|—|e[glo|w|=|o|~a|o|w|—=|o|-|o|w]|—=
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Figure A16. Summary of CADI-BE indicators.
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