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Abstract: The purpose of this paper is to describe the process of building a coherent frame for the
identification of local environmental urban vulnerabilities, coping with heat waves’ increasing threats,
and adopting specific adaptation policies in the Emilia-Romagna region. A microclimate model
(ENVI-met) was used to simulate temperature regimes in five areas of Bologna, providing ex ante
maps enabling us to locate the most vulnerable areas. Adaptation measures were suggested with
the support of WMO Guidance 1234 and included recommendations about the introduction of high-
albedo building materials and nature-based solutions. The step-by-step methodology developed,
coupling local vulnerabilities with adaptation recommendation, integrates a scientific methodology
into a political decision. The results, allowing us to widely represent this city’s vulnerability, are
considered outstanding with respect to supporting the city’s adaptation ambitions and are now
part of the running Bologna General Urban Plan (PUG), which regulates building interventions,
introducing the obligation for enterprises to respect or ameliorate the microclimate in all the areas in
which they intervene. This tool can be replicated and adapted to any municipal area, as it integrates
authoritative WMO solutions with accurate microclimate assessment, thus providing locally tailored
adaptation interventions. This paper aims to support the vision, shared by both science and policy
makers, of transforming cities into widely resilient systems.

Keywords: adaptation; climate change; urban vulnerabilities; population health; resilience; urban
regeneration; heat waves

1. Introduction

Adaptation is urgently required in order to face immediate sustainability problems [1,2],
pandemics, and climate extremes that have unprecedently highlighted the fragility of
territorial structures and services at the social level [3,4]. The necessity of putting in place
adequate tailored actions will become even more stressed as, in the coming decades, most of
the world population will live in cities (more than 68% by 2050) [5]. To minimize the impacts
of potential adverse changes on urban areas and their infrastructure and surroundings, as
well as on people and other organisms, the establishment of long-term climate adaptation
policies at the local level is hence becoming more and more critical [6]. The proactive
involvement of policy makers in meeting local expectancies to reach urban resiliency and
adaptation is thus substantial. As a first action in 2008, the pact of Mayors [7] considered
mitigation as the objective, mostly addressing efforts towards reducing CO2 levels at the
global scale [8].
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In 2014, the Mayors Adapt initiative increased the focus on adaptation, inviting lo-
cal governments to join forces to develop and implement local strategies within SECAP
local planning (Sustainable Energy and Climate Action Plans) [9]. The resulting “Global
Covenant of Mayors for Climate and Energy” has become the most important commit-
ment of governments to transcending the previous national climate and energy objectives,
aligning with the UN Sustainable Development Goals. Such a transition to a joint, en-
larged objective based on climate threats underlies the logic of combining mitigation and
adaptation as a way of constructing a sustainable and resilient future.

The elaboration of climate adaptation plans is a complex process that integrates
the quantification of the potential magnitudes of impacts, the assessment of local risks
compared to a baseline, and the identification of progress-monitoring indicators [10,11].
For cities, the planning is even more complicated as climate hazards are strongly linked to
the internal texture, arrangement, and organization of a city itself; consequently, its capacity
for spontaneous adaptation will be reduced [12,13].

Spatial planning, along with adequately addressing its components (urban green,
blocks, and soil sealing), is now presenting a substantial opportunity to focus on growing
climate threats and hazards for populations [14,15]. In particular, there is increasing
evidence of a more frequent occurrence of heat islands in cities, where block texture is
dense and non-permeable surfaces with high albedo and emissivity are dominant [16].

This paper focuses on a project undertaken in the Emilia-Romagna region to build a
coherent framework for the identification of local environmental urban vulnerabilities.

The region’s capital city, Bologna, as evidenced in its SECAP, faces heat waves, together
with heavy precipitation and drought, serving as the main climate threats for this territory.
To provide support for policy, here, we simulate temperature regimes in five areas of the
city, providing ex ante maps to locate the most vulnerable areas, and we include WMO
guidance recommendations for coping with heat waves’ increasing occurrence.

Tools for Urban Climate Adaptation Planning

Recently, the WMO, within the framework of the National Frameworks for Climate
Services, recognized the necessity of fully addressing the urban adaptation actions world-
wide [17] and consequently encouraged national meteorological services to establish active
working relationships with Public Administrations (PAs), recommending a joint agreement
on resource identification and service delivery.

Specifically, guidance (WMO 1234) was formulated to provide PAs with the paths to
resilience according to their local characteristics (Table 1).

Table 1. Urban services and nature-based (NB) solution approaches summarized by Authors from
WMO guidance. Table highlights key issues for this study [17].

Urban services

Urban services refer to transportation, housing, water
and waste management, snow clearance, and so forth.
Services may be provided directly through country
member operations or indirectly through stakeholders
or partners in public and private agencies. Services
include weather forecasts, extreme event monitoring,
and climate services for building codes, zoning,
planning, and design. Integrated urban services
inherently have high resolution and are provided at
roughly the spatial scale of the urban footprint and at
smaller scales. However, they are highly dependent on
the application, requirements, and local and regional
factors. The urban domain may include surrounding
areas, nearby cities, connection roads, rural watersheds,
and industries in order to capture their impacts.
Planning in major metropolitan areas will affect housing,
transportation, and recreation.
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Table 1. Cont.

Nature-based solutions

NBS are the best solutions for cities. An ecosystems
approach for urban design considers blue and green
solutions—where blue refers to adding water elements
and green refers to adding trees and parks—and
requires weather, climate, hydrological, and air quality
information for design and management.

Urban services and city design

Capacity building is a basic step for the adoption of
integrated urban services concepts by different
professionals (architects, engineers, urbanists,
policymakers, etc.) engaged in city resilience efforts. The
understanding of tools provided by science is also
crucial and must be included as part of academic
curricula for urban designers. Databases and existing
models should be organized in such a way that they can
be easily accessible by and useful to professionals.
Knowledge and sharing of the data repository and
models on existing examples of applications should be
organized to promote direct access to such
tools.Forecasting of water resource availability is
fundamental in managing the establishment and
functioning of blue solutions during dangerous
incidents such as floods. To face city heat waves, it is
also important to design a proper texture of the city
itself (for example, regarding the placement of hospitals,
schools, or commercial centers) and foster green design
to activate secure pathways for fragile populations.

In addition to climate information, and to the
introduction of NBS solutions, correct planning and
design can greatly benefit from a tailored selection of
microclimate-conditioning materials.

Additional indications about dealing with adaptation stem from the National Adap-
tation Plans (NAPs) [18], which provide a vision of climate change impacts in multiple
socio-economic sectors and natural systems, identifying a set of actions and guidelines for
coping with them.

In Italy, NAPs are part of the strategic vision set by the Ministry of Environment in 2015
(the National Strategy for Climate Change Adaptation (SNACC)) [19]. This strategy was
explicitly devised to allow PAs to create a coherent framework for adaptation. However,
even if PAs widely accepted it, (361 sectorial adaptation actions and 21 relevant actions), an
“old style” in landscape and urban planning still resists change at the technical and political
levels, and a revaluation is urged.

Table 2 aggregates the new practices that Italian PAs are generally suggested to follow
according to policy administrative mandates.

PAs’ previously gained capacity to develop energy-dedicated plans has not yet been
integrated with specific skills and competences for dealing with the climate action included
in the new plans agreed (SECAP). Furthermore, the formulation of adaptation plans
requires comprehensive knowledge of local vulnerability [7,8]. As a consequence, most
PAs with limited economic and human resources are facing critical issues in operationally
developing SECAPs [20–22].

The WMO guide is a recognized, promising tool able to support PAs’ with tools con-
sidering potential impacts on landscape, environment, social, and economic components.

In this work, we seek to integrate the content of some of the existing tools and evaluate
their performance and applicability, including the WMO 1234 theoretical guidance, for the
urban situation in Bologna as a case study for larger applications. In particular, we focused
on the urgent threats to supporting urban-planning actions capable of mitigating summer
heat waves.



Challenges 2023, 14, 48 4 of 11

Table 2. New ways of decision making. The ellipses indicate that the list is not exhaustive; there-
fore, the issues and stakeholders involved may change based on interests and their presence in
each territory.

Internal Organization Regulations

Reinforced urban centers
Areas/sectors dedicated to the involvement of

the community
Urban marketing

. . .

Civic volunteering (single/associative)
Citizenship workshops
Participatory processes

Collaboration agreements
. . .

Dedicated Facilities Hybridization of Representative Democracy

Foundations
Agencies

In-house companies
. . .

Participatory budgets
Deliberative assemblies

. . .

2. Methods

Our study was carried out on Bologna (Italy), the capital city of Emilia Romagna
region. Frequent summer heat waves experienced in the last few years in the dense peri-
urban area prompted local authorities to set up a number of active alerts and prevention
measures for the population, especially for weaker individuals [23].

In Figure 1, we present the regulatory and implementation paths from the global to
the local level. In the context of such a complex framework, we concentrated the current
study on the implementation of the substantial step marked in red, providing scientifically
based support for the General Urban Plan (PUG).
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Figure 1. Salient regulatory and implementation steps concerning urban adaptation to climate change,
from the global to the local level. Acronyms: SEAP (Sustainable Energy Action Plan); CC (Climate
Change); SECAP (Sustainable Energy and Climate Action Plan); SNACC (National Adaptation
Strategy for Climate Change); PNACC (National Adaptation Plan for Climate Change); REBUS
project (Renovation of Public Buildings and Urban Spaces). Source: created by authors.
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As a first step (Methodology 1 in Figure 2), we ran ENVI-met, a three-dimensional
non-hydrostatic fluid dynamic model operating with a spatial resolution of 0.5–10 m
and a temporal resolution of 10 s [24]. ENVI-met simulates various variables, including
the anemological flow around and between buildings, the processes of heat and vapor
exchange both at the ground surface and on the walls, turbulent exchanges, some vegetation
parameters, bioclimatology, and particle dispersion. We selected it because of its flexibility
in representing ex ante and ex post phenomena occurring in the presence of urban canyons
(common in Bologna’ texture), such as the effects of the building/green ratio on comfort
and physical mitigation solutions.
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Figure 2. Summary of the methodologies applied in the context of the PUG that have been approved
and included in the regulatory framework. For each methodology, details are provided within
the mentioned bibliography. Source: drawn by authors. References for methodology 2 [25], for
methodology 3 [26].

Representative areas of Bologna were chosen, prioritizing those marked by a recog-
nized critical vulnerability, i.e., areas in which the percentage of green surfaces is low and,
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at the same time, the percentage of the population above 65 years and younger than 4 is
high (weaker groups).

Once the selected descriptive urban fabric typologies were defined, the model was
run for each of them (Corticella, Bolognina, Masi, Barca, and Roveri) under the same initial
weather conditions. Meteorological data from ARPAE Emilia Romagna were provided by
the urban weather station located in the very center of the city. The microclimate simulation
was carried out for the day on which, during the heat wave that occurred in summer 2017,
the maximum temperature was recorded (August 4th). Air temperature output maps, as
shown in Figure 3, were then overlaid onto Google Maps to represent local configurations
and assess local vulnerability.
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Figure 3. Corticella area: Air temperature (1.8 m from the soil surface) map in which vulnerable
sub-areas are identified (circled in white) as the places usually frequented by vulnerable groups.
Source: Cremonini et al. [25].

Starting from the assumption that actions ensuring that weaker individuals are living
in conditions of microclimate/physiological safety guarantee all citizens’ general safety,
vulnerability was defined as the occurrence of high temperatures near buildings most
frequented by weaker groups (e.g., pharmacies, clinics, social centers, schools, gardens,
and neighborhood squares) (Methodology 2 in Figure 2).

In addition, we marked as vulnerable places those where the quantity and size of
natural/environmental elements already present are low but can potentially be enhanced
through active interventions (exclusive public areas, in which the municipality could
directly act, and areas in which private subjects may intervene after agreement with
the PA).

Based on the work conducted by Nardino et al. (2021) [26], Bologna morphologi-
cal/climatic classification was used to represent larger-scale vulnerability (Figure 4) and
suggest blocks for which adaptation interventions should be prioritized (Methodology 3 in
Figure 2). A deviation value from equilibrium was defined for each class:

• Class A—low fragility→ close to equilibrium;
• Class B—medium-low fragility→ low deviation from equilibrium;
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• Class C—medium-high fragility→ substantial deviation from equilibrium;
• Class D—high fragility→ high deviation from equilibrium.
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adaptation measures [27]. Source: drawn by authors.

WMO1234 solutions suitable for mitigating the physiological/climatic hazards in the
identified places and provide tailored contributions to the city’s PUG were then selected to
address local critical situations potentially occurring during heat waves.

3. Result and Discussion

Bologna’s current SECAP identifies a broad scope for short- and long-term actions
in public spaces (gardens, streets, squares, public buildings schools, etc.) (Table 3). In the
historical, consolidated areas of Bologna’ urban territory, a deficient availability of greenery
per inhabitant (even less than 5 square meters) was recorded.
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Table 3. Solutions identified in the current adaptation plan.

Solutions

• Urban parks, neighborhood parks, pocket parks, etc.;
• Road trees;
• Pergola paths;
• Green roofs, green walls, green balconies;
• Placing cooling material on horizontal and vertical surfaces;
• Permeable floors;
• Urban water drainage systems;
• Collection and reuse of rainwater;
• Separation/treatment/reuse of gray water

The desealing and greening of such areas are often very limited by the structure of
the consolidated city itself. A reasonable contribution to adaptation to heat islands thus
becomes essential. Urban planning and building interventions must take into account
the effects of incident solar radiation on external surfaces, the absorption coefficients of
building materials, the urban morphology, and the type and shape of vegetation.

Each fragility class reported in Figure 4 was associated with a performance level
intended to be achieved when planning is implemented (Result 4 in Figure 2):

• Class A—maintenance—the microclimate well-being brought about by the new planning
conditions must be greater than or equal to the well-being in the existing conditions;

• Class B—basic level—the microclimate well-being brought about by the new planning
conditions must be better than the well-being of the existing conditions by at least
10%, with the overall albedo of the surfaces (shortwave reflection) affected by the
intervention being greater than or equal to 40%;

• Class C—improvement level—the microclimate well-being brought about by the new
planning conditions must be better than the well-being of the existing conditions by at
least 15%, with the overall albedo of the surfaces affected by the intervention being
greater than or equal to 50%;

• Class D—excellent level—the microclimate well-being brought about by the new
planning conditions must be at least 20% better than the well-being of the existing
conditions, with the overall albedo of the surfaces affected by the intervention being
greater than or equal to 60%.

It is implicit that any introduction of appropriate materials, characterized by high re-
flectance, such as vegetation or lightly colored building materials, may support a reduction
in heat wave effects and improve bio-microclimate indices [28].

The results of this study, allowing us to widely represent the city’s vulnerability,
have been considered outstanding with respect to supporting the city’s adaptation am-
bitions. Therefore, the step-by-step methodology (Results 1 and 2 in Figure 2) and the
morphological–climatic classification (Result 3 in Figure 2) are now part of the running
General Urban Plan (PUG) [29], which regulates building interventions, introducing the
obligation for building enterprises to respect or ameliorate the microclimate in all the areas
in which they intervene. Figure 2 summarizes the actions carried out in this study and their
integration in the PUG.

4. Conclusions

The assessment procedure developed herein, coupling local vulnerabilities with adap-
tation recommendation, integrates a scientific methodology into a political decision [25,30].
This can be considered an active contribution to support a vision, shared by both parties, to
transform the city into a widely resilient system.

The step-by-step methodology adopted can be replicated and adapted to any mu-
nicipal area, as it integrates authoritative WMO solutions with an accurate definition of
vulnerable areas, thus providing locally tailored interventions. Guolo et al. [23] reported
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that there was a positive association between summer temperatures and the number of
emergency department visits in Bologna, expanding the study to different socioeconomic
contexts. The additional application of microclimate characterization confirms that better
planning for the protection of fragile populations during heat waves is possible and may
help residents to cope with poor microclimates.

From a broader perspective, the coming increase in heat wave threats requires the
design of an equitable city texture, for example, determining the appropriate locations of
hospitals, schools, or commercial centers, and correct green designs that include secure
pathways for fragile populations. Municipalities are the actors called upon to play a key
role because of their proximity to citizens in daily processes, and they are the institutional
subjects committed to the necessary environmental, relational, and social transformations.
PAs are then forced to make a definitive transition from adopting symptomatic solutions,
often dictated by emergencies, to implementing deep systemic ones moving towards real
sustainability, the protection of resources, and high-environmental-quality models [31].

Our results show how a dialogue between politics and science may concretize actions
necessary for change.

The approach of this study can be, and already has been, adopted by other PAs as a
best practice in order to identify and overcome vulnerabilities, mostly in places frequented
by weaker groups.

However, this study is also intended be an invitation for large and small PAs to review
the fundamental contents of their databases, to reorganize in terms of the cross-fertilization
of the problems, so that knowledge of this territory is not fragmented in different offices,
which are often unable to interact and communicate each other.

To further operationally implement this adaptation plan, additional model runs will
be critical to simulating potential ex post scenarios according to PA’s designs. Such ad-
vancement will allow for the verification of which positive microclimate effects can be
achieved when applying the various design solutions and support the implementation
of those most appropriate. By pursuing this direction, decision-makers can overcome the
concept of sustainable development strategies and enable “Smart Cities” to evolve and
become “Healthy Cities” [32].
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