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Article 
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Abstract: The public administrations (PAs) that have joined the Covenant of Mayors must now complete their 

adaptation plans with the climate chapter (SECAP). At the same time, the previous Plan for sustainable energy 

(SEAP) was mainly dedicated to mitigation actions (sustainable energy). It was often managed directly by 

municipalities' in-house energy companies or agencies. The WMO1234 Recommendation (Guidance on 

Integrated Urban Hydrometeorological, Climate and Environmental Services) is a fundamental Guidance to 

allow PAs to make policies and decisions regarding city regeneration and population health prevention. The 

purpose of this manuscript is to describe a process undertaken in the Emilia-Romagna region to build a 

coherent frame from the individuation of local environmental vulnerabilities and adopt specific policies. This 

frame was created by the contribution of various Institutions, including the Regional Authority, which 

furnished the main directives and tools for the mitigation and adaptation, the Municipality of Bologna, which 

prepared the first Adaptation Plan following the SECAP guidance, the Emilia-Romagna branch of Italian 

Association of Municipalities (ANCI), which took in charge the approach to harmonize different urban contexts 

and to communicate with stakeholders and population, and Research Institutes and Scientific Associations to 

explore, with specific studies and modeling application, the outcomes produced by a joint support to the new 

urban directives, such as the General Urban Planning Plan (PUG). To achieve this result, the WMO Guidance 

1234 has been assumed as a reference methodology to ensure the best utilization of available data and 

widespread a common science-based methodological approach to other municipalities. 

Keywords: adaptation; climate change; urban vulnerabilities; population health; resilience; urban 

regeneration; social acceptance 

 

1. Introduction 

The proactive involvement of policy makers in addressing climate change adaptation in urban 

environments is substantial. Covenant of Mayors [1] is the forefront actor in driving such complex 

actions as, in alignment with the top-down processes by international organizations, it is the 

democratic representative of the local aspirations and expectancies to reach social resiliency. The pact 

of Mayors, in 2008, had mitigation processes as the initial objective, addressing towards the reduction 

of CO2 concentration at the global scale [2]. 

In 2014 the European Commission launched the Mayors Adapt initiative, based on the same 

principles of the Covenant of Mayors, enlarging its focus on climate change adaptation. Mayors 

Adapt invited local governments to demonstrate their leadership in developing and implementing 

local adaptation strategies. In June 2016, the process entered into a new phase, joining forces with 

another city initiative, the pact of Mayors, or C40 Initiative [3]. The resulting "Global Covenant of 

Mayors for Climate and Energy" initiative become the most important commitment of local 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 September 2023                   doi:10.20944/preprints202309.0729.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202309.0729.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

governments to go beyond national climate and energy objectives, entirely aligning to UN 

Sustainable Development Goals and climate justice principles. Three key issues are tackled: climate 

change mitigation, adaptation to climate change adverse effects incorporated into the municipalities’ 

policies, and universal access to secure, clean and affordable energy. Currently, 60 countries with 

10,212 signatories joined the pact covering about 323 million inhabitants. 

The transition from a pact simply addressed to sustainable energy to a joint enlarged purpose 

based on climate underlies the urgent logic to combine mitigation and adaptation to construct a 

sustainable and resilient future. 

In the last ten years, Public Administrations (PAs) have been equipped with specific tools, such 

as energy agencies, able to very effectively develop plans as SEAPs (Sustainable Energy Action Plan). 

However, the inclusion of climate action in the new agreement (SECAP: Sustainable Energy and 

Climate Action Plan) was not matched by parallel skills, as locally developed competencies did no 

longer correspond to the process expectations.  

Furthermore, plans addressed to adaptation require the development of a cognitive framework 

of territorial vulnerability and the identification of indicators for monitoring the actions progress [4–

9]. From the operational point of view, municipalities characterized by scarce economic and human 

resources face the most critical issues in developing the Adaptation Plans included in the agreement. 

It becomes essential to equip municipal technicians with the necessary tools and examples 

enabling the setup of the climate chapter of the Plan, by addressing data sources and appropriate 

methods. As examples are difficultly exhaustive and not directly applicable due the diversity and 

complexity of each territory, a conceptual effort is always needed to grasp the similarities [10,11], 

supported by the Climate Adapt website, sharing experiences in Europe [12]. 

In specific, adaptation is urgent nowadays to face immediate sustainability problems [13,14]. 

Pandemic and climate extremes highlighted the fragility of the structure of territories and services on 

the social level [15–20]. Europe addressed its Adaptation Strategy, supporting the municipalities with 

a specific package [21], sharing the main tools able to enhance the resilience of territories and cities. 

The package represents an entry-level for any administration and the basis to approach to the 

adaptation chapter and draft the strategies to be included in SECAP. Three main strategies are 

foreseen: the promotion of actions by the Member States, a better-informed decision-making and the 

link to vital vulnerable sectors. As an example, the Italian Ministry for the Ecological Transition 

promoted a list of actions [22], including eight major implementations: to encourage the adoption of 

strategies, provide funds, introduce the adaptation in the Covenant of Majors (SECAP), bridge the 

knowledge gap, access to information and develop interaction between Climate-ADAPT and other 

relevant platforms, including national and local adaptation portals, facilitate the climate-proofing of 

Common Agricultural Policy (CAP), the Cohesion Policy, and the Common Fisheries Policy (CFP), 

ensure more resilient infrastructures, promote insurance and other financial products for resilient 

investment and business decisions.  

1.1. The WMO1234 Guidance and other International and National Schemes 

WMO (World Meteorological Organization) set on place the GFCS (Global Framework for 

Climate Services) to improve co-production, tailoring, delivery and use of science-based climate 

scenarios and services focused on the main priorities -agriculture and food security, disaster risk 

reduction, energy, health and water [23]. The aim was to empower stakeholders, including PAs, with 

a prompt extensive database providing the information to assess vulnerabilities and identify 

adaptation options to implement their adaptation plans. National Frameworks for Climate Services 

(NFCS) are the multi-stakeholder user interface platforms enabling the development and delivery of 

climate services at the country level [24], and PAs are providers of data themselves via the Nationally 

Determined Contributions. (NDCs).  

Recently, WMO recognized the importance of providing PAs with specifically devoted to the 

urban environments, to practically direct them towards a clear understanding of the problems and 

the fundamental actions to be undertaken to implement adequate adaptation plans [25]. An inter-

programme working group was created to ensure a full coverage of the different urban adaptation 
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actions worldwide. The necessity to adequately put on place urban-tailored actions are mostly 

stressed as in a few decades most of the world population will live in cities (more than 68% by 2050 

[26]). WMO consequently encouraged national meteorological services to establish active working 

relationships with municipal authorities, recommending that both actors jointly agree on the 

priorities and identify the resources required for sustaining service delivery and improvement. 

Considering the global importance of urbanization and the growing megacities, WMO analyzed this 

phenomenon as a high-level priority [25]. 

Specifically, the Guidance indicates to municipalities how to monitor the local problems and 

follow paths to resilience (Table 1). 

Table 1. Urban services and the NBS approach, WMO Guidance [25]..  

Box 2. Urban 

Services 
 

 

“Urban Services”, in the traditional sense and in the context of the city management 

(by mayors and other city agencies), refer to transportation, housing, water 

management, waste management, snow clearance and so forth. The report 

“Integrated Urban Services” refers to the provision to WMO Member of weather, 

climate, hydrology and air quality infrastructures (data, observations and predictions) 

that may be used to support traditional (and new) urban services. These services may 

be provided directly through Member operations or indirectly through stakeholders 

or partners in public and private agencies. Services include weather forecasts, due 

thunderstorms, typhoons, costal inundation, flooding, air quality and health-related 

stress, as well as climate services for building codes, zoning, planning and design. 

Integrated Urban Services are inherently 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 is defined by local governments and may include nearby cities, the areas and 

road in between cities, rural watersheds and locations of industries, in order to 

capture their impacts. Urban planners may include surrounding areas, as planning in 

major metropolitan areas will affect housing, transportation and recreation in those 

areas. 

Box 4. 

Nature-

based 

solutions 

 

 

Nature-based solutions are the best solutions for cities 

Blue and green solutions – an ecosystems approach for urban design (blue refers to 

adding water elements, and green to adding trees and parks) – need weather, climate, 

hydrological and air quality information for their design and management at the 

suburban scale. Sharing basic knowledge on urban processes, models and existing 

solutions with user community is fundamental for successful implementation of the 

Integrated Urban Services. Therefore, capacity-building is a basic step for the 

adoption of the Integrated Urban Services concepts by different professionals (for 

example, architects, engineers, urbanists, and policymakers) concerned about the 

resilience of cities. The understanding of tools provided by the scientific community 

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 and useful to professionals. Knowledge of the repository of data and 

models on existing examples of applications is needed and should be organized to 

promote direct access to such tools. 

 Urban services and city design 
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Water: forecast of water resources availability (in terms of flow and precipitation) is 

fundamental in managing the functioning of blue solutions and to activate them 

during dangerous occurrences. Knowledge of the amount and location of water, its 

pathway and urban floodplains is needed for integrated flood management 

(WMO/Global Water Partnership Associated Programme on Flood Management, 

2006; World Wildlife Fund, 2017). 

Heat: it is important to foster green design over a city to activate secure pathway for 

fragile populations, to furnish warnings (including climate watch advisories) and to 

design a proper texture of the city itself (for example, where to place hospitals, 

schools or commercial centers). 

Ecology: ecological pathways within cities are not simply a biological issue – for 

example, interactions between the air flow and the urban environment affect the 

transport of biological materials such as pollens, spores and small insects. 

 City texture and materials: during the design phase, weather and climate 

information is fundamental importance to properly design and plan future city 

structures (open spaces and living spaces). The increased quality of permeable 

surfaces has to be considered to improve water retention and therefore decrease 

runoff and floods peaks. 

More indication about reaching Adaptation comes from the National Adaptation Plans (NAPs) 

[27]. Each NAP should provide a vision of the impacts of climate change in multiple socio-economic 

sectors and natural systems, identifying a set of actions and guidelines to cope with these impacts. 

Accordingly, and by implementing the indicated actions and guidelines it will be possible to 

minimize the risks deriving from climate change, maintain or improve the adaptability of natural, 

social and economic systems, and take advantage of any arising opportunities.  

The Italian Ministry of Environment in 2015 finalized the first National Strategy to Climate 

Change Adaptation (SNACC) [22], which indicates a path of adaptation through the analysis of 

national general impact issues, from water resources, hydrogeology, agriculture forests and 

ecosystems, costal and marginal areas, infrastructures, health, up to tourism and urban settlements).  

It should be noted that the two terms, National Strategy and National Plan, are used indistinctly. 

The experiences gained in countries that have adopted a Social Network Analysis [28] and are 

implementing a NAP show that these are different tools. While a SNA is typically a strategic "vision" 

of country-level adaptation, a NAP is a way in which it is pursued. 

PAs can use these tools to recognize their specificities, identify the potential impacts and the 

possibility of inter-sectoral adaptation, and proceed to harmonize national indications to solve local 

issues. 

A crucial priority to develop each local Adaptation Plan is to individuate the specific 

vulnerabilities of the territory, with an inclusive approach pragmatically considering the territory's 

potential impacts not exclusively on the landscape and environment but also on the social and 

economic components. Related policies and adaptation actions must be contextualized: this mostly 

means that elaboration and sustainable planning must be tailored on a case-by-case basis accordingly 

to different needs and regional and local situations.  

1.2. The meteorological-climate approach for the Public Administration: the Italian case study   

The National Plan for Adaptation to Climate Change (PNACC) and the general Strategy for 

Adaptation to Climate Change (SNACC) [22] developed in Italy are intended as an indication to PAs 

to locally achieve objectives of sustainability and resilience and contributing to the whole national 

economy. 

PNACC individuated 361 sectorial adaptation actions for the territory and 21 relevant actions. 

As a consequence, the general Guidance has been adequately depicted to allow PAs to create a 

coherent frame for adaptation. However, even if PAs widely accepted the new indications, an “old-

time style” in landscape and urban planning still resists. The emerging issues linked to climate change 
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are forcing PAs to react, but it is not easy for them to apply the national directives because of a lack 

of technical and human resources to be devoted to the change.  

Climate change manifests itself on different temporal and spatial scales, and threats natural 

systems as well as sectors of human activities, some of which are particularly sensitive, as in the case 

of urban settlements. In order to reduce the impacts of potential adverse change on urban areas, their 

infrastructure and surroundings, as well as on the people and other living species, the establishment 

of long-term climate adaptation policies at the local level is becoming more and more critical [29].  

A profitable approach is based on performing an appropriate analyses of landscape sensitivity 

[30–33]. The first point to be addressed in the design process of a climate adaptation plan needs in 

fact the identification of the potential magnitudes of climate impacts and assessment risks compared 

to the baseline. The relative territorial sensitivity, the capacity of spontaneous adaptation of the flora 

and fauna in ecosystems depends on climatic variations, as the possibility for decision makers to 

implement further, where and if necessary, adequate and consequent strategic adaptation measures 

from short to long term. For cities, it is a critical to consider the problem in a complex manner as the 

interaction with climate hazards are strongly linked with the internal texture, arrangement and 

organization of the city itself [31,34]. 

2. Methodology: Planning process from Regional, National to Local level 

The recent publication of the EEA (European Environmental Agency) [35] growth briefing 

unfolds an institutional and regulatory metabolization process of concepts that, until now, it was 

considered as a prerogative of ecologist associations. The growing mass of scientific and empirical 

evidence brings the urgency of a step change of paradigm to be not anymore postponed, coupled to 

and the reinterpretation of the growth model on which our economic systems are based. The local 

climate conditions and their effects on the environment and the population are, in fact, closely linked 

to the economy of the territory and are integral parts of the policies of small and large municipalities 

[36,37]. To better understand how this reflects today on local administrative actions and how it should 

influence the strategic logic of the municipalities some key cultural passages dictated by the current 

historical phase has to be recognized. The reorganization towards sustainability and resilience will 

necessary move from being a virtuous accessory to become a transversal constant functional to all 

administrative actions. This process requires the involvement of all levels of political thought and an 

active operational role of the municipal systems (Table 2), to be often carried in the absence or in a 

severe shortage of the human resources necessary for the reorganization. 

Table 2. New ways of making decisions - as defined by the administrative policies of municipalities, 

beyond the administrative mandate. The ellipsis in each identified sector indicates that the list is not 

exhaustive; therefore, the issues and stakeholders involved may change based on interests and 

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 

.Partecipatory processes 

.Collaboration agreements 

. … 

Dedicated facilities Hybridization of representative democracy 

.Foundations 

.Agencies 

.In-house company 

. … 

.Partecipatory budgets 

.Deliberative assemblies 

. … 

Although in recent years a multiplication of roles specifically oriented towards sustainability 

objectives occurred, as for example a growing number of dedicated departments, and the cultural 
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awareness was growing up, the effective presence of sustainability aspects as fundamental and 

substantial in operational terms is still scarce.  

The formulation of a regulatory context that favors and unifies the economic and political 

aspects is fundamental to ensure that climate change adaptation actions occur at all levels of territorial 

and urban planning.  

The list of the salient regulatory and implementation steps concerning urban adaptation to 

climate change, from the global to the local level (global, European, national, regional, local) to give 

operational continuity to the implementation of more resilient cities is reported in Figure 1.  

 

Figure 1. Salient regulatory and implementation steps concerning urban adaptation to climate change, 

from the global level to the local level. Acronyms in order of appearance: SEAP (Sustainable Energy 

Action Plan); CC (Climate Change); SECAP (Sustainable Energy and Climate Action Plan); SNACC 

(National Adaptation Strategy to Climate Change); PNACC (National Adaptation Plan to Climate 

Change); REBUS (REnovation of public Buildings and Urban Spaces). In red the steps where author 

was directly engaged. 

In specific, Emilia Romagna Region and the Municipality of Bologna have considered priority 

since the very beginning and, accompanied by partners from the scientific and associative sectors 

have developed an integrated design approach supported by scientific methodologies that respond 

to the transformation needs of the context.  

When comparing the timelines of the various regulatory levels, it come evident that Emilia 

Romagna has equipped itself an integrated approach aligned with the urgencies of climate change, 

as well as to accommodate the directives of the superordinate regulatory levels.  

To support synergy and awareness between citizen, professionals, businesses and PAs, Emilia-

Romagna approved its first law on participation in 2010. In 2016, the process of revising the law began, 

envisaged by the so-called "Evaluation Clause". The Region has decided to support the institutional review 

process with a participatory listening process of the territory, which has been called "Let's have our say". At 

the end of the meetings, a bill was presented for a new law on participation, approved in 2018 (Regional Law 

n. 15 "Law on participation in the formulation of public policies” [38]).  

Co-creation process with citizens and awareness creation are specific and irreplaceable tasks 

assigned to the PAs. New encouraging tools for the democratic management of participatory 

processes are emerging. However, such tools are still slowly spreading due to the lack of solid 
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capacity building processes of the professional figures. New professionals must be able to facilitate 

jointly shared paths with competence, decisive in producing the necessary evolutionary changes and 

enabling local administrators to act more effectively and incisively. These professionals will have to 

act as natural, cultural mediators on the climate issue between administrations and citizens in a logic 

of expectations and solutions exchanges. Awareness of the ecosystem values must also be 

strengthened to overcome potential reluctances in decisions. To best match this issue and provide 

competence and security to participatory courses Emilia Romagna established a specific dedicated 

yearly funding, allocated exclusively to the participatory process, eventually co-financed by larger 

projects. 

There are several successful examples of such knowledge processes of adaptation and mitigation 

to climate change, as for example the REBUS project (REnovation of public Buildings and Urban 

Spaces) [39], and a series of seminars in collaboration with Italian Association of Municipalities Emilia 

Romagna (ANCI-ER) [40].  

These actions have been reinforced in 2020 when Emilia Romagna signed the Pact for Work and 

the Climate together with local authorities, trade unions, businesses, schools, universities, 

environmental associations, the third sector and the voluntary sector, professions, chambers of 

commerce and banks.  

The process of the region towards for the revitalization and development based on 

environmental, economic and social sustainability, complete decarbonization by 2050 and 100% 

renewable energy by 2035, 3% of regional GDP in research and NEET (young people who do not 

study and work) below 10% [43,44] is an “ongoing process”. As a support to the network of 

professional figures on the issue of urban regeneration for adaptation to climate change, several 

learning activities have been planned. (SBAM [45]) Emilia Romagna has developed its strategy based 

on the territory's structure coupled with the National one [46], but examining precisely specific local 

aspects. Furthermore, the Regional Observatory on Climate Change [47], was able to provide all the 

PAs with the climatic scenarios in 2050 relative to seven principal indicators of climate change: 

average annual temperature; maximum summer temperature; minimum winter temperature, 

summer tropical nights, wave duration of heat, annual precipitation, dry summer days. This work 

created a unified strategy to combat climate change [48] on the regional territory, also supporting 

small municipalities where resources to conduct their own analyses are insufficient. The test-site was 

provided by the Municipality of Bologna. 

3. Outcomes of the Bologna case study 

In 2018, the drafting of Bologna city General Urban Planning Plan (PUG) integrated 

microclimate studies with a high level of detail trough an active collaboration between researchers 

and various sector offices of the Municipality. This opportunity was important as it allowed to couple 

knowledge of the local vulnerabilities with desired objectives, making it possible to identify the 

scientific methodologies compatible with the political needs [41,42].  

The Adaptation Plan of Bologna, developed being first between the Italian cities (Blue AP [49]), 

is now experiencing the new ambition to couple with the urban planning tools (PUG) included in the 

Law n°24/2017 [50]. This further step aims to correctly applicate the adaptation tools to transform the 

city into an entirely resilient system. Thus, the PA could be enabled to represent in detail the totality 

of its territory urgencies, including the physiological level of well-being in the city at the 

neighborhood scale. 

Even if the integration of the whole adaptation aspects into the city fabric represents a complex 

and enormous effort, its realization implies a responsible collective action and a strict collaboration 

between the different sectors of the Municipality, leaving aside excuses of direct responsibilities.  

However, all cities, including those of small dimensions, face the absence of a defined 

methodology suitable to drive the use of available data and tools to reach the needed outcomes. Even 

though the request from the policy is clear, it might not have been equally clear to science how to find 

a unifying methodology, usable in the recurrence of other climatic-environmental challenges in the 

territory.  
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In this paper, we show how an opportunity offered by Bologna to merge policy-making with 

science institutions brought to new outcomes, promising to be transformed into a general territorial 

approach towards mitigation and resilience.  

The WMO 1234, as the outcome of the experience gained at the level of various cities as a basis 

for development, was therefore used exactly as a guideline, introducing specific tools during this 

process capable to answer the main questions of the PA, such as, for example, the well-being of the 

population [41,51]. By applying these concepts, Bologna's administration and IBE-CNR [42,52] 

performed this current study, utilizing the massive amount of available data.  

In this current study, we utilized a fluid dynamic model (ENVI-met), a three-dimensional non-

hydrostatic microclimatic model with a spatial resolution of 0.5-10 m and a temporal resolution of 10 

sec [53]. ENVI-met is capable to simulate various variables, including the anemological flow around 

and between buildings, the processes of heat and vapor exchange both at the surface of the ground 

and on the walls, turbulent exchanges, some parameters of the existing vegetation, bioclimatology 

and the dispersion of particles. It is, therefore, flexible to be used to study and understand different 

aspects of urban canyons, such as the effects of orientation and buildings / green ratio on outdoor 

urban comfort and the role of vegetation in mitigating the island of urban heat.  

A representative portion of the city area has been chosen, also taking as a priority a simulation 

on a particularly recognized critical vulnerability of those areas where the percentage of green 

available is low and at the same time, the percentage of the population above 65 and younger than 4 

is higher. The comprehension of the occurrence, related threats due to extreme events, namely 

summer heat islands, has been called as a priority to prepare adaptation and mitigation tools. 

Once the representative Bologna’s areas of the descriptive urban fabric typologies of the city 

were defined, for each one (Corticella, Bologna, Masi, Barca, and Roveri), the model run with the 

same initial weather conditions. The simulation of the microclimatic conditions was carried out for 

the day in which, during the heat wave of summer 2017, the maximum temperature was recorded 

(August 4th). Meteorological data from ARPAE Emilia Romagna were provided by the urban weather 

station located in the very center of the city. 

We then defined a methodology to select the priority actions among those identified by the 

Adaptation Plan. Considering the defined vulnerability focus, we gave priority to the public areas of 

exclusive municipal competence in which the Municipality can make direct interventions, and/ or 

areas on which private subjects may intervene after an agreement with which the Municipality. This 

study therefore highlighted opportunities deriving from the proximity of natural/environmental 

elements that could be enhanced through the actions identified, and possible risks or existing 

problems.  

In the historical and consolidated areas of the Bologna urbanized territory, it is evident a 

deficient availability of greenery per in-habitant (even less than 5 square meters). The Adaptation 

Plan, therefore, identifies a broad scope for action in the short and long term in public areas (gardens, 

streets, squares, public buildings schools, etc.) (Table 3)  

Table 3. Solutions identified by the Adaptation Plan, and Good practices” reported in general 

classes. 

Solutions 

• Urban parks, neighborhood parks, pocket parks, etc.; 

• Road trees; 

• Pergola paths; 

• Green roofs, green walls, green balcony 

• Cool material on horizontal and vertical surfaces (Rebus).

• Permeable floors (Rebus). 

• Urban water drainage systems (SUDS). 

• Collection and reuse of rainwater; 

• Separation / treatment / reuse of gray water 
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In the areas of services and aggregation points (pharmacies, social centres for the elderly, 

parishes, URP, clinics, and voluntary associations), the Plan contemplates points of dissemination of 

information and assistance on heat waves. At an operational level, these places can be good starting 

points for setting up concrete actions to reduce vulnerabilities at the places usually frequented by the 

weaker groups and the rest of the population.  

We started from the assumption that structuring actions by ensuring that the weaker groups live 

in microclimatic/physiological safety conditions guarantees all citizens' general safety.  

For this reason, we defined vulnerability by the occurrence of a high temperature nearby 

buildings most frequented by the weaker groups (pharmacies, clinics, social centers, schools, gardens, 

neighborhood squares, etc.).  

Basing on that vulnerability analysis, taking into account the specific objectives of the 

Adaptation Plan relating to heat waves, local adaptation strategies and actions have been declined 

and listed below: 

� Increase green trees in historically consolidated areas (structured urban territory); 

• Increase the number of trees on streets, squares, and parking lots; 

• Enhance the contribution of urban agriculture for adaptation and mitigation; 

• Greening interventions on public buildings; 

• Extend the information/assistance system on heat waves (weak bands). 

In this regard, it strongly emerges that the creation of safety and security routes for refreshment 

is an important a new adaptation strategy. By safety routes, we mean paths that allow population 

and particularly weaker groups may reach the necessary spaces and services in conditions of good 

physiological well-being. Along the same conceptual line, refreshments areas meant those more or 

less circumscribed spaces that guarantee weaker groups to stop in comfort conditions close to thermal 

neutrality. To enabling the creation of refreshment paths, it is possible to introduce into the urban 

components (streets, squares, green and water system, buildings and materials) material capable to 

influence the exchange of temperature and matter near the surfaces. A choice of Nature Based 

Solutions (NBSs) as vegetation, materials characterized by high reflectivity, and water permeability 

of the surfaces to guarantee the evapotranspiration processes is available at this purpose.  

NBSs, as shown in Table 1, stand out for their peculiar multifunctionality, as they can solve 

multiple problems in a single solution for a cost equal, if not lower, to the cost to be sustained 

individually addressing each priority. Moreover, services provided by NBSs are tools in the hands of 

technicians, designers, and companies perfectly in line at a conceptual level with the integrated and 

multisectoral approach on which Adaptation Plan is based. 

4. Result and Discussion  

Based on the methodology explained above, the following results are summarized for each area 

analyzed: 

• Identification of places’ and public areas’ vulnerabilities in which aggregation of weaker groups 

occurs. 

• Detection of natural/environmental elements or particular conditions (including risk) in the 

weaker groups' aggregation areas and, more generally, in the whole area. 

• Selection of actions able to mitigate the physiological/climatic threats in the identified vulnerable 

places. 

• Verification of the microclimatic effects of the selected scenarios using microclimatic modelling 

tools (ex-post simulations with EnviMet software) regarding the specific objectives of each 

strategy. 

• The implementation of the selected actions and periodic monitoring (surveys with 

citizens/instruments). 

Aware of the fact that a functional and integrated methodology requires a verification based on 

the set objectives, we considered essential to follow a monitoring of the actions proposed. This at the 

purpose to validate or review/modify the actions themselves depending on unexpected outcomes, 

especially in terms of worsening conditions. 
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The results (Figure 2) have been adopted and are now part of the Discipline of the General Urban 

Plan [54], which regulates the building interventions, introducing the obligation for building 

enterprises to respect or ameliorate the microclimate conditions of the work areas. 

 

Figure 2. Map of microclimatic vulnerability indicating the elements to which Action 1.3C of the Plan 

must be applied, which has as its focus: Mitigating the heat island effect in urban areas and 

introducing measures aimed at climate adaptation of buildings. The map and the action are part of 

the "Urban Strategy 1.3 - Prevent and mitigate environmental risks" [55]. 

Figure 3 summarize this paragraph and its results integrated in the PUG Discipline. 
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Figure 3. Summary of the methodologies applied in the context of the PUG, which have been 

approved and included in the regulatory framework of the PUG. For each methodology, please refer 

to the respective published article. 

Identifying risks and vulnerabilities is a methodological process that must necessarily be placed 

in the context of each territory, and operationally involves several professional figures. Once risk 

identification has been processed, the next step to prepare the SECAP is identifying the contextual 

actions. This step implies a political choice taking into account the priorities of decision-makers’ 

strategic vision in the short and longer terms. The national and international planning and the 

resulting city movements (e.g. C40) of the last decades are based on the sustainable integrated 

approach that guarantees a vision of the territory characterized by the possibility of grasping the 

transversality of each sector compared to the others. SECAP follows this approach and places itself 

in a direct dialogue with all the other operational plans and urban planning instruments which 

determine the city's development. In addition to the climatic aspect alongside the energy one, the 

primary operational tools with which the actions are implemented, namely NBS, favor the 

transversality of SECAP. Their multifunctionality encourages a simultaneous facing of multiple 

problems, thus obtaining solutions that addresses multiple challenges (climatic and otherwise) by 

providing interaction between urban components and technological innovations.  

The application of a wide microclimatic characterization of the city allowed a better protection 

of fragile population. Guolo et al. [51] reports the results of a study, based on the previous 

characterization of the city of Bologna, to evaluate the association between summer temperatures and 

emergency department visits (EDVs) and assess whether this association varies across areas with 

different socioeconomic and microclimatic characteristics. It appeared very clearly that the policies 

implemented by the Public Administration to protect the health of the most vulnerable categories, 
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have likely acted as a barrier against the impacts of climate change and have likely helped residents 

cope with poor microclimates, at least in most parts of the town.  

Results show clearly how a continuous dialogue between politics and science may concrete 

structure the actions necessary for change. On a practical level, the classic functions of "command 

and control" that the public institution exercise show their limits: innovation needs science, 

inspiration, support and facilitation. The concept of experimentation and, therefore, the possibility of 

doing, failing and then learning to correct the shot and start again must be accepted, and pushed. 

Municipalities are the actors called to play a key role in spreading this awareness because of their 

natural proximity to citizens in daily processes and are the institutional subjects committed to a 

necessary relational and social transformation. PAs are then forced to make the transition from 

adopting symptomatic solutions often dictated by the emergency, to implementing deep systemic 

ones moving towards real sustainability, protection of resources and environmental quality models.  

New awareness requires adaptations to changing scenarios, sometimes sudden and forced, as 

during the rise of a pandemic, to adapt to the European objectives for 2030 and to answer to the 

challenges of an era of radical transformations [56]. There is the urgency to open a window on broader 

and more articulated arguments, increasingly urgent. The invitation is to perceive the profound 

meaning of this moment, grasping what positive and regenerative actions can bring if faced with a 

logic of preparation and programming, open to organizational innovation. When accepting this, the 

decision-making mechanisms may courageously and successfully experiment new ideas and routes. 

Policymakers must therefore make a responsible selection of the focus objectives as, for example: 

A- weaker groups (under 4 years and over 65) and fragile subjects (diseases such as heart disease, 

diabetes, allergies to pollen or air pollutants), with the awareness that by securing these categories of 

citizens [57–60], all other segments of the population will also automatically benefit from the 

microclimatic comfort. 

B- urban morphology and surface material composition of the city, favoring the implementation 

tools regarding the reduction of soil consumption, de-sealing operations (urban drainage and better 

urban soil ecosystem services), direct and indirect interventions on the urban and building heritage 

towards solutions with low environmental impacts [61]. This will mean to pay particular attention to 

physical and optical parameters of the city materials, selecting those with a higher reflective 

properties (albedo). The theme of de-sealing and urban drainage must be seen in a double 

perspective, either securing the city from extreme rainfall and offering opportunities for the recovery 

and reuse of water, ensuring the management of so-called flash floods avoiding flooding, allowing 

rebalancing the hydrological balance and reducing the polluting load of water bodies, as well as the 

reuse of water for anthropic uses. Also, in this sense, there are now techniques widely tested in the 

field of soft engineering (Sustainable Urban Drainage System - SUDS) [62,63]. 

By pursuing this political direction, decision-makers could overcome the concept of sustainable 

development strategy and will enable “Smart Cities” to evolve and become “Healthy Cities” [64]. 

5. Conclusions  

The methodologies developed here and the consequent results, integrated into the PUG 

discipline, are becoming operational tools of urban planning in Bologna municipality. Several PAs -

of large, medium or small cities- and Unions of Municipalities are taking them as a reference for a 

best practice, including the method for identifying vulnerabilities in places frequented by 

disadvantaged groups. 

Science must produce easy-to-use tool and provide all available knowledge to allow policy 

makers to make the correct choices. If single experiments or results show the potentiality to become 

fundamental to solve a problem, it will become necessary that some paths are standardized to 

transform them into good practices. 

The two objectives of political strategy (A and B) described above can contribute to transforming 

cities in places where gentrification will progressively disappear, where every part of the city can 

guarantee paths and niches of microclimatic comfort for anyone, where each intervention will be 

oriented to the well-being of the community as well as to that of the individual. The WMO 1234 
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Guidance is a powerful tool to document and share the best available practices to improve the 

resilience of urban areas to a great variety of natural and other hazards, and to meet the needs of 

municipalities and stakeholders. 

Under a practical point of view, the development of appropriate and effective policies for the 

adaptation to climate change will be relatively easier for large cities, with higher economic and 

human resources. For small cities, the scarce resources and the absence of clear indications of 

guidance makes PAs’ effective actions more difficult. 

This study also wants to be an invitation for small PAs to review the fundamental contents of 

their databases, to reorganize them in terms of cross-fertilization of the problems, so that knowledge 

of the territory is not fragmented in different offices, often unable to interact and communicate each 

other. 

Mitigation actions have both economic and social costs. The support of a clear, shared, Guidance 

may allow PAs to be able to communicate without misunderstandings. The process of 

communication to the population is today a fundamental element of acceptance of change, and is the 

instrument to promote sustainable attitudes towards climate policies. The city is based in fact on the 

community: this means the right of choice on how to reach common goals, not on the satisfaction of 

exclusively personal well-being and happiness. Paradigm changes of this magnitude significantly 

impact everyone's life, with apparent risks for social cohesion on the one hand and the emergence of 

many new opportunities on the other.  

Consequently, approach strategies to these changes, social technologies, specially developed to 

effectively accompany the transformation paths of the social body, minimizing the adverse effects of 

factional polarizations and favoring inclusion, equity and positive planning of the future, are 

appearing all over the world. 

In the case tested here, it has been shown that the use of a Guidance together with the use of an 

articulated municipal database made it possible not only to categorize the territory in microclimatic 

terms but has also to issue directives with a strong economic content and with widespread social 

effects on the territory [65]. 

The work carried out on the city of Bologna represents a good practice of cooperation between 

the PA and scientific institutions and provides, based on a scientific text produced by WMO, 

operational indications about how to approach the problems of adaptation aimed to the population 

well-being.  

The authors are convinced that the adoption of politics supported by scientific methodologies 

are a keystone for producing an acceleration in the indispensable for change processes. 
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