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1. Introduction


The increasing attention of the public towards the effects of noise pollution on health pushed the EU to issue the Environmental Noise 49/2002/CE Directive. A revision in 2017 [1], 15 years after its original publication, remarked how noise continues to be a major issue compromising people’s health and leading to effects such as cardiovascular and hypertension diseases and ischemic heart disease, learning impairments, sleep disturbance, and annoyance [2,3,4]. The mandatory noise mapping phase brought to light an enormous number of citizens annoyed by noise sources like road and railway traffic and airports [5]. Owners of agglomerations and infrastructures were asked to mitigate noise deriving from transport and industrial sources, both inside and outside buildings.



Thus, the overall exposure to noise must be reduced and unwanted sound should be avoided by means of wide prevention. When not possible, mitigation solutions must be undertaken to fulfill with noise action plans, most of the time leading to the installation of acoustic barriers that are not always welcome by citizens. As a counterpart, the scientific community is moving towards new acoustic solutions that also look at green economy [6], recycling [7], new approaches to traffic management such as low emission zones [8], new pavements [9], new and sustainable vehicles and tires [10], and novel systems to reduce noise at sources for railways [11] and airports [12]. Methods and procedures are set to establish the efficacy and efficiency of mitigation actions; standards on barriers and pavement can qualify performance, and the prioritization of actions has become crucial in order to guarantee transparent principles for the public.



The present Special Issue determines the state-of-the-art on noise mitigation at the source, but also for the propagation path and at the receivers. For these reasons, authors were invited to submit their works about noise action plan, transportation noise mitigation, policies and good practices for traffic management, noise planning, noise control, industrial noise remediation, methods for action prioritization, evaluation of mitigation action performance, models and algorithms for source characterization and outdoor sound propagation, classification, evaluation and protection of quiet areas, noise mitigation in building acoustics, wind turbine noise, use of recycled and waste materials to reduce noise.




2. Highlights


The EU Environmental Noise Directive requesting noise maps puts high demand on the access, availability, and integration of numerous data and geographical information. Furthermore, higher data quality is linked to better results. After nearly 20 years of experience, new approaches or upgrades are emerging in order to improve the noise mapping phase.



In the framework of the Life+ 2013 program, the DYNAMAP project aims to facilitate and accelerate the noise mapping process by means of an automatic monitoring system, composed of low-cost sensors and a powerful software platform. Benocci, et al. [13] reported an application along the ring road of Rome of this “real-time” noise mapping project, providing a real picture of the noise generated by vehicular traffic. The accuracy and reliability of the system have been tested with a monitoring campaign and satisfactory results have been achieved, showing an average overall prediction error of ~1.5 dB.



Not all kind of noise is considered in the maps; thus, Alsina-Pagès et al. [14] studied different types of anomalous noise events present in the street in order to characterize them, for both soundscape and maps integration. The analysis has been performed considering both the Signal-to-Noise Ratio and the duration of the anomalous events to evaluate their presence in urban areas in Andorra.



Noise maps are also needed to evaluate and preserve sensitive receivers and quite areas. However, due to the particular characteristics, hospitals are usually located close or within urban agglomerations and they can be exposed to high levels of environmental noise. Montes-González, et al. [15], presented a study of one of the main hospitals in the Extremadura region (Spain) aiming to assess the acoustic impact of outdoor sound sources. Long and short-term measurements were carried out and a software model was developed, finding that noise impact is primarily influenced by road traffic, cooling towers, and emergency helicopters, but their importance depends on the facade under consideration. Given that the overall situation of the hospital needs to be improved, the authors suggested a series of solutions for mitigating the noise impact on sensitive areas.



Noise mitigations become necessary where noise maps report limit exceedances.



Noise barriers are the most common solution chosen to mitigate road traffic noise. Given their diffusion on the territory, every improvement to this technology would have a major effect in terms of exposure reduction or cost production and environmental impacts. In this context, Zannin et al. [16] evaluated the effectiveness of barriers using artificial neural networks combined with the design of experiments. Aiming to determine the influence of the coefficient of absorption of the barrier material and the barrier height on sound attenuation and on the formation of acoustic shadows, the authors found that the absorption coefficient strongly influences the noise attenuation provided by noise barriers, while barrier height is correlated with the formation of larger areas of acoustic shadow. The methodology proposed by the authors can also be applied to more complex systems without loss of generality, confirming that artificial neural networks can be tools for assessing acoustic barrier efficiency based on an investigation into the sensitivity of the system’s controlled variables.



However, conventional noise barriers see their net insertion loss reduced by the well-known effects of diffraction at the edges and reflections. Furthermore, their acceptance rate is reduced by limitations on the field of view, natural light, and airflow. The evolution of research on the subject led to the development of sonic crystals as noise barriers. Fredianelli et al. [17] reviewed the latest studies concerning the practical application of sonic crystal as noise barriers, with a specific focus on the integrations of Bragg’s law properties with other mitigation effects such as hollow cylinders, wooden or recycled materials, or porous coating. These are all solutions that increase the insertion loss and frequency bandgap, while inserting the noise mitigation action in a green and circular economy. The paper also discussed the pros and cons of sonic crystal barriers, searching for the actual viable best solution, while also stimulating future research on the aspects requiring improvement.



Another common and very effective solution for mitigating road traffic noise is laying low emission pavements. Therefore, studying the mixture parameters and their durability is very important to achieve good acoustic performance [18]. Inside the LIFE SOUNDLESS project, Morcillo, et al. [19] created a selection of mixes where some waste materials were used. The best mixtures were selected not only according to traditional mechanical parameters but also others, such as damping and dynamic stiffness. Furthermore, the acoustic performances of pavements using this asphalt were assessed several times with the close proximity (CPX) and statistical pass by (SPB) methods to evaluate the performance durability. The results showed a decrease of 3 dB to 7 dB in noise produced.



In any case, selecting the most appropriate pavement for a given noise reduction objective can be a difficult task. Thus, Bérengier et al. [20] proposed a simple method to evaluate the noise impact of a pavement in typical road geometries and environmental conditions. The approach relies on a database of measurements of emission spectra of road vehicles on several typical pavements and on a database made of pre-calculations of noise propagation for typical road configurations. An interactive web tool (DEUFRABASE, version 3, Ifsttar, Strasbourg, France) allows then to estimate noise levels for various pavements and road configurations as functions of the traffic flow and composition. The tool has been validated trough measurements and, even if it is still limited to a low number of pavements and with several simplifications, it can predict the noise impact of typical road configurations with errors most often less than 2 dB.



Not only road traffic noise is addressed by the European noise directive, but railway, airport, and industrial noise are dealt with. In fact, Gerolymatou, et al. [21] performed environmental noise measurements and simulations, mapping population exposure to noise around a Greek airport. Moreover, a survey campaign and a soundscape analysis were conducted. In this way, the impact of aircraft movements on both local residents’ and tourists’ perceptions of soundscapes and possible health effects by using the WHO’s DALY (Disability Adjusted Life Year) metrics were assessed. The combined results could yield possible evaluation tools for noise management.



The noise produced by ports in their surroundings has been neglected for far too long, until Bernardini et al. [22] acoustically characterized different small vessels at various speeds that move in ports. Short and long-term measurements were performed and a map of noise generated by vessels moving in Livorno’s canals was produced and validated. The number of citizens exposed was also estimated, together with the number of highly annoyed people. Different scenarios, such as different vessel speeds, limited flow, restricted areas or new residential areas were studied in order to prevent citizen exposure to noise and possible complaints about small boats.



Overall, the papers published in this Special Issue of Environments focused on noise mapping and mitigation action for all the major sources reported by the EU noise directive not forgetting to mention a source that is affecting citizens in modern society: leisure noise. Asensio et al. [23] started with the assessment of this kind of noise through a monitoring campaign in Málaga and with programmed communication actions, aimed to raise awareness among stakeholders and to support the planning and prioritization of further noise mitigation actions. The long-term noise indicators were analyzed, as well as the time-based patterns of noise. The results showed high noise levels higher than 60 dB in the leisure areas at night, confirming that the subject is deserving attention and monitoring.
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