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Abstract

:

In Italy, 25 percent of the 7903 municipalities include protected areas, while 6.4 percent—which we define as park municipalities—are national parks. Using data from the Copernicus programme databases, we investigated the relationship between park municipalities and the air quality, and we found that the air pollution levels in these areas were much lower than in the rest of the municipalities for the period 2017–2020. The gross difference ranged from 25 to 30 percent lower levels of particulate matter (as measured in terms of both PM10 and PM2.5), and three times lower levels of nitrogen dioxide. In our multivariate econometric analysis, we found that part of this difference depends on the lower population density and manufacturing activity in municipalities with national parks. Furthermore, we showed that park municipalities: (i) had progressively reduced levels of particulate matter during the period 2017–2020, and (ii) had a “green lung” function, since in non-park municipalities’ air pollution levels increased with the distance from national parks. Based on empirical evidence on the impact of the main air pollutants on mortality documented in the literature, we calculated that living in park municipalities reduces mortality rates by around 10 percent.






Keywords:


natural parks; natural capital; environmental health; pollution; air quality; Copernicus programme databases












1. Introduction


The value of natural capital has been extensively investigated in the economic literature. Ref. [1] estimated the value of ecosystem services for the entire biosphere, most of which are determined by non-directly marketable activities, such as clean air, soil quality and fertility, and uncontaminated water. The authors find that the value is around twice the value of the world gross domestic product. On the role of natural capital, Ref. [2] emphasised that preservation of natural capital is the often-neglected essential pre-condition to achieve sustainable development. More recently, Ref. [3] showed that natural capital has a significant impact on life satisfaction among countries at a similar stage of human development.



The quality of natural capital is crucial to achieve the ecological transition goals set by international institutions and, in particular, the Sustainable Development Goals 3 (Good Health and Wellbeing), 6 (Clean Water and Sanitation), 7 (Sustainable Cities and Communities), 12 (Responsible Consumption and Production), 13 (Climate Action), 14 (Life below Water), and 15 (Life on Land). In this direction, the “do not cause significant harm” principle proposed by the European Commission states that national recovery and resilience plans should not harm the following six environmental objectives: adaptation to climate change, mitigation of climate change, sustainable use and protection of water and maritime resources, circular economy, prevention and control, and protection and restoration of biodiversity and ecosystems (Regulation (EU) 2020/852 of the European Parliament and of the Council of 18 June 2020 on the establishment of a framework to facilitate sustainable investment, and amending Regulation (EU) 2019/2088 (Text with EEA relevance): https://eur-lex.europa.eu/eli/reg/2020/852/oj, accessed on 27 April 2023).



In our paper, we studied to what extent natural parks in Italy contribute, via their high natural capital stock, to these goals, and we focused on air quality, as measured by particulate matter (both PM10 and PM2.5), as our measure of ambient air pollution. The Italian context is more than suitable for investigating this issue as more than 25 percent of its municipalities contain protected areas, such as national or regional parks, or marine-protected areas, and 6.4 percent of them have part of their areas in national parks.



According to the Italian law No. 394, 6 December 1991, a national park is defined as a land, river, lake, or marine area containing one or more ecosystems that are intact or partially altered by human intervention. In this national park, the physical, geological, geomorphological, and biological formations that contribute to the aforementioned ecosystem must be of international or national interest for their naturalistic, scientific, aesthetic, cultural, educational, and recreational values. Due to such an interest, the government regularly provides interventions for prevention and maintenance in the public interest of current and future generations. In addition, in these areas, the government requires the development of socioeconomic activities that are compatible with the conservation of biodiversity, and support local citizens’ participation, local economic development, and cultural and civil growth aimed at preserving territorial identities. National parks in Italy are founded from public sources and are managed by national and regional administrations.



In this study, we exploited this Italian peculiarity to evaluate the effects of park municipalities (i.e., municipalities partially or totally located within natural parks) on air quality and health. More specifically, we tested the following three research hypotheses. First, we analysed whether park municipalities exhibited significantly lower levels of air pollution than non-park municipalities in the period 2017–2020. Second, we examined the difference between air quality in park and non-park municipalities, to see if this has grown over time. Third, we tried to check the robustness of our previous results by looking at whether national parks generate positive environmental externalities outside their borders; that is, whether the level of pollution in non-park municipalities increases as the distance from the closest national park increases. Finally, we computed the expected impact of the difference in air quality between park and non-park municipalities on mortality rates.



Our empirical analysis contributes to different strands of the literature on natural parks, environmental measures, and health outcomes. Several studies document that people living in national parks enjoy better health conditions. This is due to the fact that national parks provide opportunities to increase physical activity levels, thus reducing obesity, and they also generate lower levels of distress, improving mental health [4,5,6,7,8,9]. With a focus on air quality, our paper also contributes to a long-standing literature that analyses the detrimental effect of poor air quality on a number of health outcomes. For example, Ref. [10] find that the reduction of nitrogen dioxide (NO2), sulphur dioxide (SO2), and PM10 emissions has a statistically significant and positive impact on health. Based on the estimated effect of pollution on health, Ref. [11] showed that a clear decision can be made on the acceptable number of statistical deaths due to pollution. In the same direction, Ref. [12] reviewed a large number of studies testing the correlation between long-term exposure to particulate matter and mortality. In a recent work, Ref. [13] analysed the effect of a reduction of PM2.5, ozone (O3), and NO2 among Medicare beneficiaries in Massachusetts, for the period 2000–2012. The authors found that a 1 μg/m3 increase in long- and short-term PM2.5 exposure is associated with 35.4 and 3.04 excess deaths per 10 million person-days, respectively, each 1-part per billion (ppb) increase in long- and short-term O3 exposure is associated with 2.35 and 2.41 excess deaths, respectively, and each 1 ppb increase in long- and short-term NO2 exposure is associated with 3.24 and 5.60 excess deaths, respectively. Similarly, Ref. [14] performed a spatial analysis to test positive associations of PM2.5, O3, and NO2 with mortality, using individualised exposure assessments for a sample in California. In Tehran, Iran, Ref. [15] investigated all-cause, non-accidental daily mortality and its association with fine PM2.5, NO2, and the Air Quality Index (AQI) from March 2011 to March 2014. This research shows that the relative risks for all seasons, both sexes, and all ages at lag 0 for PM2.5, NO2, and AQI were 1.004, 1.003, and 1.004, respectively, per interquartile range increment (18.8 μg/m3 for PM2.5, 12.6 ppb for NO2, and 31.5 for AQI). More specifically, for respiratory diseases, several studies tested whether the number of respiratory diseases in children and the elderly increases due to higher air pollution concentrations [16,17,18]. In the same direction, focusing on people of all ages, Ref. [19] examined the associations between the daily variations of air pollutants and health, finding a positive and statistically significant nexus between particulate matter and NO2, on the one hand, and hospital admissions for respiratory diseases on the other. They found that, for an increase of 10 μg/m3 in concentrations of the pollutants, the highest association of each pollutant with total hospital admissions was observed with PM2.5 at lag 4, NO2 at lag 4, and PM10 at lag 0. Similarly, Ref. [13] found positive associations between short-term exposure to PM2.5 and the risk of hospital admission. The authors showed that a 1 µg/m3 increase in short-term PM2.5 is associated with an annual increase of 2050 hospital admissions, 12,216 days in hospital, USD 31 m in inpatient and post-acute care costs, and USD 2.5 bn in the value of statistical life. For diseases with a previously known association, a 1 µg/m3 increase in short-term exposure to PM2.5 is associated with an annual increase of 3642 hospital admissions, 20,098 days in hospital, USD 69 m in inpatient and post-acute care costs, and USD 4.1 bn in the value of statistical life. Other research did not look at health effects directly, but analysed how sustainable tourism and mobility can increase in protected areas [20,21]. This robust evidence gathered in different periods and places around the world documents a positive association between air pollution and a number of health outcomes.



Our research originally contributed to this literature by showing how people living in municipalities located in national or regional parks or marine-protected areas enjoy significantly higher air quality, bridging a gap in the literature. To our knowledge, the link between air pollution and national parks has been addressed by very few scholars, whose research mainly focuses on the main factors that can reduce park natural capital, including air pollution, and therefore does not directly look at their positive effect [22,23]. On the link between air pollution and health, our research focuses on a different contribution of parks to health, since we analysed how a cleaner environment leads to lower levels of air pollution, which ultimately generates a health improvement and thereby translates into a reduction in mortality. More specifically, the impact of park municipalities on air pollution was computed with a multivariate analysis, calculating the effect of natural parks after controlling for all relevant measurable factors at the municipality level (population, employment, and meteorological variables, such as wind, rain, and radiation), and for regional, month, and day-of-the-week effects. The impact of park municipalities on health was calculated by computing the average point estimate of the estimated effect of a given pollutant on the mortality rate from different empirical contributions in the literature and applying this average to the effect of the park municipality.



We performed our econometric analysis using a dataset that collected information for all Italian municipalities in the period 2017–2020. This allowed us to control for several concurring factors, such as the economic and demographic characteristics of the municipality. We showed that air pollution grows for non-park municipalities in the distance from national parks. We calculated the gross and net effect of the park municipalities on air pollution levels. Then, based on previous meta-analyses of the effects of air pollution on health, we calculated the combined health effect of living in park municipalities on mortality rates. Our empirical findings showed that people living in park municipalities enjoy significantly higher air quality in terms of reduced daily concentrations of PM2.5, PM10, and NO2. This effect is only partially explained by the lower population density and manufacturing activity. We also showed that the benefit of the park municipality has grown over the period of our analysis and that parks act as “green lungs”, creating positive externalities in terms of air quality that are inversely proportional to their distance. In general, we estimated that these factors reduce mortality rates by 10 percent for people living in park municipalities.




2. Data Description


Our research focuses on the 7903 municipalities that constituted the Italian local administrative division back in 2020. Around 26.51 percent (2074) of the municipalities in our sample included protected areas, and 6.4 percent (501)—which we define as park municipalities—included national parks.



To perform our empirical analysis, we used Python to gather climatic and air quality variables from the Copernicus programme databases. Copernicus (https://www.copernicus.eu/en, accessed on 30 November 2022) is a European Earth Observation programme established in 2014 to be the follow-up to the past GMES initiative. Its importance is growing, and it is becoming dominant as an official source of data for measuring climate change and environmental sustainability. For further details on the characteristics of the climate dataset considered for this study, see [24], and https://climate.copernicus.eu/sites/default/files/repository/Events/ICR5/Posters/07_S1_MunozSabater.pdf (accessed on 1 March 2023). We relied on the Copernicus Atmospheric Monitoring Service (CAMS) and the Copernicus Climate Change Monitoring Service (C3S).



CAMS provides continuous data and information on atmospheric composition, and its service aims at assessing air pollutant effects and reducing toxic elements in the air that we breathe at the surface level. Among the databases provided by CAMS, we used the “European Air Quality Forecasts” dataset, that gathers information on the following six pollutants: PM2.5, PM10, NO2, SO2, O3, and carbon monoxide (CO), at seven height levels and at hourly steps. Data are the result of a combination of nine regional European air quality production systems and a combination with observations registered by the European Environment Agency (EEA). The regional air quality production system models are: CHIMERE, DEHM, EMEP, EURAD-IM, GEM-AQ, LOTOS-EUROS, MATCH, MOCAGE, and SILAM. The blend usage of these systems is called the ENSEMBLE median, values of which correspond to the median of all the different systems’ figures. The latter data were used for our analysis.



C3S produces data on human-made pollutants and makes performing evaluations as well as predictions on their effects on the environment possible. Among the data provided by C3S, we used the “ERA5-Land” dataset, that consists of climate variables obtained from a combination of surface-level observations registered by ground sensors and data provided by the H-TESSEL land surface model. From this database, we extracted data on wind, air temperature, total precipitation, and solar radiation. We performed the following adjustments: (i) from wind variables (eastward and northward wind components), we derived the module of the resulting vector, (ii) air temperature, originally measured in Kelvin, was translated into Celsius, (iii) total precipitation, originally measured in metres, was transformed into millimetres, and (iv) solar radiation was transformed from Joule to Watt per square metre, by dividing by 86,400 s to obtain the corresponding amount of daily radiation.



All climatic and air quality variables, provided with a spatial coverage of 0.1 × 0.1 long./lat. degree, were later processed and combined to analyse the information at the municipal level, the smallest possible administrative unit. To work with daily means, we averaged the values available at 8:00, 12:00, 20:00, and 24:00 for each day.



The Copernicus databases use a grid geographically covering the entire peninsula, but do not always guarantee that each and every municipality is associated with at least one observation laying within their territory. In regions with a high concentration of small and sometimes very small towns, it could occur that some of them to fall out of the net. To solve this problem, we used the closest distance approach by calculating every municipality’s centroid and attaching to it the Copernicus point with the minimum Euclidean distance. The average minimum distance recorded was less than 4 km, with a few outliers that did not affect the accuracy of our analysis.



Copernicus data estimate the amounts of pollutants at the breathing height with homogeneous spatial distribution and availability in time, without intervals or interruptions. This is important, especially when it comes to the object of our research (impact of parks on air quality over time). This is because air quality ground control units in fixed locations are not homogeneously distributed in space, across regions, and specifically, in the areas of our particular interest (national parks), and they can be subject to stopping for maintenance. Among the many research papers using CAMS data for these reasons, see [25,26,27].



Moreover, we considered the forecast dataset provided by the CAMS model as they are available with a higher spatial resolution with respect to other categories of the CAMS dataset, such as the “reanalysis” one. At the same time, we checked for a random subset of data that the difference in terms of absolute values of the pollutant concentration between forecast and reanalysis datasets was small, and that it did not impact the robustness of the analysis and the outcome of the work.




3. Descriptive and Econometric Empirical Findings


Figure 1a–f show the distribution of the six observed air pollutants observed in Italian municipalities between 1 January 2017 and 31 May 2020. Table 1 shows a full and detailed list of all variables used in this analysis, including the six pollutants. They show that, as is well-known, PM2.5, PM10, CO, and NO2 concentrations in the Po Valley in north Italy are extremely high as a result of anthropogenic factors and geomorphological characteristics. This is because, in addition to the high population density, commuter flows, and industrial activity, the orographic structure of the valley surrounded by high mountains makes the air more stagnant. Our maps show that the areas around Rome and Naples, respectively, the first and third largest city in Italy by population size, also register high concentrations of PM2.5, PM10, and NO2 concentrations, most likely due to their large population size and density. PM10 and SO2 concentrations are also high in Sicily, south Italy, due to atmospheric conditions and perturbations from the Sahara [28]. Note that in our sample period, the daily average of PM2.5 (that is, 12.44 µg/m3) was above the yearly average threshold advised by the World Health Organisation (WHO) for air quality (that is, 10 µg/m3) (see: https://www.who.int/news/item/02-05-2018-9-out-of-10-people-worldwide-breathe-polluted-air-but-more-countries-are-taking-action, accessed on 9 February 2023), with higher values in Po Valley, Rome, and Naples (see: https://www.euronews.com/2020/11/10/air-pollution-italy-persistently-broke-eu-clean-air-laws-rules-the-european-court-of-justi, accessed on 9 February 2023). The high levels of PM2.5 and PM10 in Italy represent an issue for Europe. On 10 November 2020, the European Court of Justice declared that Italy has “persistently and systematically” breached the European Union against small-particle air pollution, in a ruling supporting the legal action by Brussels against Rome.



In Figure 2, we show how national parks are distributed throughout the country, and in Table 2 we show descriptive differences in pollutant levels between park and non-park, with 95 percent confidence intervals. We observed that the PM concentration was one-third lower in park municipalities for PM2.5 and one-fourth lower for PM10. In both cases, we observed a difference of approximately 4 µg/m3 (8.71 µg/m3 vs. 12.82 µg/m3 for PM2.5, and 12.81 µg/m3 vs. 16.68 µg/m3 for PM10). The levels of pollution for non-park municipalities lay above the WHO threshold (i.e., 10 µg/m3), while the same levels for park municipalities lay below it. Levels of SO2 and CO were also around one-fourth lower. However, the largest difference was in terms of NO2 levels, which were three times higher in non-park than in park municipalities (3.25 µg/m3 vs. 9.79 µg/m3), even though they were well-below the WHO threshold of 40 µg/m3. The level of the main air pollutants in the parks was higher than that of non-park municipalities only for O3 (68.4 µg/m3 vs. 62.3 µg/m3), but both levels were well-below the WHO threshold of 100 µg/m3. The difference in mean air pollution levels between park and non-park municipalities was significant at the 95 percent level for all six pollutants (Figure 3). More clearly, the difference between park and non-park municipalities can be shown using air quality maps (PM2.5, PM10, and NO2) for the 12 largest Italian parks and their neighbouring councils (Figure 4).



Several factors beyond the natural capital can account for these descriptive differences. Municipalities including national parks also have a lower population density (approximately one-third vis-à-vis non-park municipalities) and lower levels of economic activity (approximately half of the employees–population ratio), and these two factors are expected to reinforce the reduced pollution effect (Table 2). We can, however, consider our descriptive findings as a measure of the gross effect of living in park municipalities, since descriptive values reveal the effective exposure to air quality of people living in the two different types of municipalities.



To investigate whether there exists a net park effect, that is, a net effect of the indirect impact of lower density and economic activity, we regressed the pollution concentration on a set of explanatory variables, including population density, economic activity, and atmospheric conditions.



More specifically, the estimated econometric specification can be written as:


   Pollutant tm  =  ß 0  +  ß 1     DParkMunicipality m  +  ß 2     Population m  +  ß 3     Employees m  +    ß 4    DaySinceLockdown +  ß 5     Income m  +  ß 6     Density m  +  ß 7     Temperature mt  +    ß 8     Wind mt  +  ß 9     Rain mt  +  ß 10     Radiation mt  +  ß 11    Park _ Age +    ∑ m   ß  12 , m    DRegion m  +  ∑ p   ß  13 , p      DMonth p  +  ∑ q   ß  14 , q      DWeekDay q  +  u tm   



(1)




where the dependent variable is the daily pollutant concentration measured in µg/m3. Our main explanatory variable (DParkMunicipality) is a (0/1) dummy for park municipalities (i.e., municipalities wholly or partly located in a national park). Other controls include population, total number of firm employees on municipality population, days since the 2020 COVID-19 lockdown (in order to control for the effect of the reduction of mobility and economic activity during the COVID-19 pandemic, which occurred in the last part of our sample period), gross taxable income at the council level, and population density. Atmospheric controls include temperature, wind (intensity in km/h), total precipitation (mm of precipitation), and solar radiation. We also included region, month, and day-of-the-week fixed effects in our estimates. Standard errors were clustered at the municipality level. Estimates were run using Stata 16.



The matrix, with the pairwise correlation coefficient among dependent and independent variables, is provided in Table 3. As is well-known, pollutants such as the two PM measures, nitrogen dioxide, and sulphur dioxide, were strongly correlated with each other. Population and employees were also strongly correlated, while no other regressors exhibited high levels of correlation.



Our econometric findings showed that the park municipality dummy was negative and significant in all estimates, with the exception of O3, where the impact was positive and significant (Table 4). In terms of magnitude, living in park municipalities reduced exposure to PM2.5 by 7.4 percent, PM10 by 3.5 percent, nitrogen dioxide by 20 percent, and carbon monoxide and sulphur dioxide by 9 percent, while it increased exposure to ozone by 5.19 percent. Our findings, therefore, showed that ozone levels seemed to be higher in correspondence to vegetation areas, and this result is consistent with previous findings (e.g., [29]), where it was reported that trees positively affect the O3 concentration via emission of biogenic volatile organic compounds (BVOC), which can act as a precursor of O3, and by O3 deposition on leaves. Note, however, that the empirical literature provides conflicting findings on this topic (such as an opposite negative nexus in [30]), suggesting the need for further research.



As expected, wind and rain reduced PM2.5, PM10, and NO2 levels, while we found that temperature and solar radiation increased PM in our case study. Days since lockdown had a negative and significant effect on particulate matter and nitrogen dioxide, consistent with the fact that the lockdown reduced car circulation and productive activities. Total council taxable income had a positive and significant effect on all six pollutants, capturing the trade-off between economic wellbeing and air quality. Among regional dummies, the largest negative effect of Lombardy can be accounted for by both economic activity and geographical conditions of the portion of the Po Valley far from the sea, where atmospheric circulation is poor. As expected, the lockdown decision reduced levels of pollution for PM2.5, PM10, and NO2.




4. Robustness Checks and Extensions of Our Findings


To further test the results found in our benchmark econometric analysis, we performed several robustness checks.



First, we tried to control for any possible bias arising from measurement stations. In fact, the measurement points of our atmospheric data were chosen according to a fixed distance rule, as we have explained in Section 2. Therefore, they may be located within the natural park or within the residential area of a given park municipality. The municipal areas were built as circles around the centroid; that is, the core of the residential area of the municipalities. Therefore, we expected that the lower the distance between the measurement point and the centroid, the higher the probability that the measure is taken in the populated area of the municipality.



It is also likely that within a given park municipality, the measurement point has a lower level of air pollution if it is located in the park than in the residential area. To see whether our main results persisted when we increased the probability that the measure within the park municipality is taken in the residential area, we performed a robustness check and limited our analysis to measurement points no more than 5 km from the municipality centroid. Our findings were confirmed (Table 5, panel A).



Second, we investigated whether the difference in air quality between park and non-park municipalities changed over time. We found that PM10 and PM2.5 levels increased, while NO2 levels decreased during our period of observation (Table 5, panels B and C) (full estimate results are presented in Appendix A). A likely interpretation of this result relies on the fact that national parks have reduced population, and therefore, their contribution to heating is linked to particle levels; at the same time, they have attracted an increasingly large number of tourists, which is linked to car traffic and, therefore, to NO2 levels.



Third, in Table 5 (panels D and E), we also checked whether our findings were robust to the exclusion of the lockdown period. Our results did not show any significant differences.



Fourth, we also wondered whether national parks create positive environmental externalities in their nearby areas. More specifically, we were interested to see if the distance from the national park affects the level of air pollution for non-park municipalities. For each non-park municipality in the sample, we calculated the Euclidean distance from the nearest national park. The distance had a negative and statistically significant effect when introduced in our base estimates (Table 5, panels F and G). The significant correlation implies causation, since the distance from national parks is definitely exogenous. The effect can be enhanced by some additional transmission channels, as people may find less living and productive opportunities nearby park areas. However, these would be two channels of transmission of the effect of park areas on air quality. In our estimates, we controlled for economic activity and population density in the nearby areas, and therefore, the observed park effect is the net of the impact of these two factors.



Our results have strongly relevant policy implications as they suggest the role of natural parks as a “green lung”: through the richness of their natural capital, natural parks provide ecosystem services directly proportional to the proximity to the natural park area.



To further explore the role of natural parks, it would be interesting to test whether government recognition of a natural park per se improves the quality of local natural capital and the provision of ecosystem services, although this would be harder to investigate. We could partially answer this question by looking at the time trend effect on pollution within natural park areas. We tested this additional research hypothesis in two additional specifications. First, we included all municipalities and looked at the effects of park municipalities on air pollution. Second, we considered only non-park municipalities and analysed the effect of the distance of non-park municipalities from natural parks (Table 5, panels H and I). In a further robustness check, we limited this analysis only to the top 40th centile of municipalities that are nearer to a national park, to avoid potential noise from municipalities that are too distant from park areas (Table 5, panel J). All our robustness checks confirmed the main results. The positive impact of being a park municipality on the reduction of PM10 and PM2.5 increased over time. We also found that the negative effect of distance from natural parks on PM10 and PM2.5 increased over time.




5. Discussion


5.1. The Health Impact of Natural Parks


Our empirical findings showed that people living in park municipalities enjoy much higher air quality. In this section, we discuss the extent to which this different effect corresponds to a difference in health outcomes and mortality rates. To do so, we gathered meta-evidence from several contributions in the literature analysing the impact of PM10, PM2.5, NO2, and other air pollutants on air quality. More specifically, we used a list of published academic studies (see Appendix A for more details) to gather reference values and calculate the estimated average effect of a 10 µg/m3 increase of the six pollutants on mortality rates (Table 6). We computed the average point estimate of the estimated effect of a given pollutant on the mortality rate from the different empirical findings and applied this average to the effect of the park municipality. The estimate of the average point was a 10.23 percent increase in the mortality rate for 10 additional µg/m3 of PM2.5, 13 percent for 10 additional µg/m3 of PM10, and 6.5 percent for 10 additional µg/m3 of NO2. This implies that, based on our empirical findings on the effect of park municipalities on the air quality, PM2.5 contributed to a 4.09 percent lower, PM10 to a 5.2 percent lower, and NO2 to a 4.2 lower mortality rate in the observed areas. The contribution of the difference in O3 and SO2 was minimal and is irrelevant in terms of the product of the difference between park and non-park municipalities, and the estimated average contributions to mortality rates in the literature. We acknowledge that a crude aggregation of the meta-analysed values may be problematic and lead to biased results, but it is reasonable to believe that the combined effect of PM and NO2 can lead to at least a 10 percent lower mortality rate.




5.2. Interpreting Correlation Links


We recognise that our analysis may suffer from endogeneity and causality issues. For instance, when interpreting our main empirical findings, we may wonder whether the legal constitution of the park area produces the positive effect on air quality or, contrarily, the high natural capital pre-exists to the reward of being a national park, and this explains how the area became a park. Alternatively, both directions of the link could occur. We believe that this two-way causation hypothesis is the most reasonable one since national parks are established in areas with natural beauty, with the goal of preserving and enhancing their natural capital. However, answering this question is not so crucial for the purpose of our analysis. In fact, the first policy implication our findings still drew is that people who live in park municipalities can enjoy the public good of a higher air quality and its effects on health, regardless of the causal nexus between beneficial health effects and the length of permanence. Moreover, another straightforward policy implication that can be drawn is that natural parks generate positive externalities in their proximity, and this grows over time. Therefore, the positive effects on health and the environment go beyond the borders of natural parks.



However, we strongly recommend further studies to carefully verify the causality link to make further policy implications. For instance, future research may attempt to answer the following question: Does the creation of a natural park area lead to the effect of improving air quality, with positive health effects? Unfortunately, with our data, we cannot answer this question with certainty since park creation dates far back in time and before detailed air pollution concentrations were available at the municipality level, with a homogeneous spatial and temporal distribution. However, what we observed is that natural parks, which had all been created before the beginning of our sample period, continue to improve their contribution in terms of air quality over time, especially in terms of PM2.5 and PM10, while the opposite appears to have occurred for NO2. This last finding is likely to be due to the fact that national parks attract many visitors, and therefore, higher car traffic volumes. At this stage, we cannot unravel how much their intrinsic characteristics or the effect of the national park creation contribute to this outcome, but the importance of such outcome remains.





6. Conclusions


By exploiting municipalities located in Italian national parks, we compared air pollution levels in municipalities with higher vs. lower natural capital (i.e., park vs. non-park municipalities). We found that people living in park municipalities enjoy significantly higher air quality when considering PM2.5, PM10, NO2, and SO2. We also showed that the effect can be partly explained by the much lower population density and economic activity in the park municipalities. After controlling for these factors and other relevant drivers, the difference remained negative and statistically significant. More specifically, on this point, our multivariate estimates showed that living in park municipalities reduced exposure to PM2.5 by 7.4 percent, PM10 by 3.5 percent, NO2 by 20 percent, and CO and SO2 by 9 percent, while it increased exposure to O3 by 5.19 percent. Therefore, national parks contribute to the reduction of air pollution and the consequent improved health conditions through a lower population density, lower economic activity, as well as beyond the impact of these two variables.



We also explored the short-term dynamics of this effect and found that the effect of the park municipality, as well as the different exposure to certain air pollutants, grew over the observed period when we considered PM2.5 and PM10, while the opposite occurred for NO2. Finally, we investigated whether parks produce positive externalities in terms of reduced exposure to air pollution in proportion to the distance from them, and we also found evidence in this direction.



By gathering air quality-driven differences in mortality levels previously estimated in the literature, we found that, based on our empirical findings, the superior air quality of park municipalities contributed to a 4.09 percent lower mortality rate due to reduced PM2.5, a 5.2 percent lower mortality rate due to reduced PM10, and a 4.2 lower mortality rate due to NO2 in the observed areas.



An acknowledged limit of our research is in the difficulty to verify with our data the causality link beyond the observed nexus among park areas, reduced pollution, and improved health. Future research should verify more in depth whether the creation of natural parks itself, with its rules of environmental preservation, contributes directly, and to what extent, to the result, or whether the result is nonetheless also produced without the institutional creation of natural parks.



Provided that the creation of parks has a role, as our data seem to indicate when looking at the trend of the quality of air benefits after natural park creation, our findings have straightforward policy implications, as they showed that national parks act as green lungs that provide positive health externalities not only in their local areas, but also in their neighbouring regions. In addition, we showed that the positive effect on PM2.5 and PM10 tended to grow, while the effect of NO2 decreased over time. This is likely due to the tourist attraction of the national parks, which may lead to a higher volume of traffic. This problem can be solved by limiting car traffic in those areas to less-polluting vehicles (e.g., electric vehicles), with car exchange services for tourists driving more polluting cars.



A final policy challenge calls for reconciling the health benefits of park municipalities with the creation of economic value. In fact, we also documented that economic activities’ operation in park municipalities were significantly lower. The trade-off can be solved by selecting low-emission economic activities in the proximity of park areas and by reducing, in general, the contribution of human activities, such as transport, energy production, industry, agriculture, and heating, to air pollution.
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Table A1. Main empirical findings on the impact of pollutants on mortality rates.






Table A1. Main empirical findings on the impact of pollutants on mortality rates.











	Pollutant
	Authors
	Study Period
	% Change in Mortality Risk

Associated with a 10 μg/m3 Increase





	PM2.5
	
	
	



	
	[31]
	1976–1989
	13 (4, 23)



	
	[32]
	1979–1998
	16 (7, 26)



	
	[33]
	1974–2009
	14 (7, 22)



	
	[34]
	1982–1989
	26 (8, 47)



	
	[35]
	1982–1998
	6 (2, 11)



	
	[36]
	1982–2000
	17 (5, 30)



	
	[37]
	1987–1996
	6 (−3, 16)



	
	[38]
	1992–2002
	26 (2, 54)



	
	[39]
	2000–2005
	4 (3, 6)



	
	[40]
	2002–2007
	6 (−4, 16)



	
	[41]
	1989–2003
	−14 (−28, 2)



	
	[42]
	1985–2000
	10 (3, 18)



	
	[43]
	1991–2001
	10 (5, 15)



	
	[44]
	1997–2005
	1 (−5, 9)



	
	[45]
	2001–2010
	4 (3, 5)



	PM10
	
	
	



	
	[46]
	1985–2003
	12 (−9, 37)



	
	[47]
	1985–2008
	22 (6, 41)



	
	[48]
	1992–2002
	11 (1, 23)



	
	[49]
	1998–2009
	53 (50, 56)



	
	[50]
	1996–1999
	7 (3, 10)



	
	[51]
	1980–2004
	−2 (−8, 4)



	NO2
	
	
	



	
	[37]
	1987–1996
	8 (0, 16)



	
	[46]
	1985–2003
	11 (1, 21)



	
	[47]
	1985–2008
	11 (4,18)



	
	[52]
	1974–1998
	14 (3, 25)



	
	[53]
	1993–2009
	8 (2, 13)



	
	[42]
	1985–2000
	5 (3, 7)



	
	[54]
	2001–2006
	4 (3, 5)



	
	[44]
	1997–2005
	−3 (−9, 4)



	
	[55]
	1999–2006
	2 (−4, 8)



	
	[45]
	2001–2010
	3 (2, 3)



	SO2
	
	
	



	
	[56]
	
	0.75 ( 0.47, 1.02)



	
	[57]
	1991–1994
	0.6 (0.2, 0.4)



	
	[58]
	1991–2000
	3.2 (2.3, 4)



	
	[59]
	1983–1985
	1.26 (1.07, 1.48)



	O3
	
	
	



	
	[60]
	1985–1990
	1.37 (0.78, 1.96)



	
	[61]
	1985–1996
	1.12 (0.32, 1.92)



	
	[62]
	
	0.98 (0.59, 1.38)



	
	[63]
	
	1.11 (0.55, 1.67)



	
	[64]
	1987–2000
	0.87 (0.55, 1.18)



	CO
	
	
	



	
	[65]
	2013–2015
	11.2 (4.2, 18.3)



	
	[66]
	1990–1997
	12 (6.3–17.7)



	
	[67]
	2004–2008
	28.9 (16.8, 41.1)



	
	[68]
	2006–2008
	60.8 (43.6, 78) per 10 ppb







Note that the meta-analysis conducted by [69] is used as reference.
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Figure 1. Average concentration of pollutants in Italian municipalities (January 2018–May 2020). Legend: (a) PM2.5: particulate matter with diameter < 2.5 µm (µg/m3); (b) PM10: particulate matter with diameter < 10 µm (µg/m3); (c) NO2: nitrogen dioxide (µg/m3); (d) SO2: sulphur dioxide (µg/m3); (e) CO: carbon monoxide (µg/m3); (f) O3: ozone (µg/m3). 
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Figure 2. The geographical distribution of national parks in Italy (as of 2020). Red dots indicate municipalities located in national parks. 
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Figure 3. The 95% confidence intervals of pollution levels in park vs. non-park municipalities. Note: the horizontal red line shows the average level of PM2.5 concentration advised by the WHO. 
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Figure 4. Air quality in the 12 main Italian national parks—PM2.5. (a) Gargano and Alta Murgia; (b) Appennino Tosco Emiliano and Cinque Terre; (c) Aspromonte; (d) Foreste Casentinesi and Monte Falterona; (e) Cilento, Val d’Agri, Pollino and Sila; subfigure (f) Circeo; (g) Gran Paradiso; (h) Sibililini Gran Sasso Abbruzzi; subfigure (i) Stelvio; subfigure (j) Val Grande; (k) Dolomiti Bellunesi; subfigure (l) Gulf of Orosei and Gennergentu. 
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Table 1. Variable legend.






Table 1. Variable legend.










	Variable
	Description
	Source





	PM2.5
	Particulate matter with diameter < 2.5 µm (µg/m3).
	Copernicus Atmospheric Monitoring Service



	PM10
	Particulate matter with diameter < 10 µm (µg/m3).
	Copernicus Atmospheric Monitoring Service



	Nitrogen dioxide (NO2)
	µg/m3
	Copernicus Atmospheric Monitoring Service



	Sulphur dioxide (SO2)
	µg/m3
	Copernicus Atmospheric Monitoring Service



	Carbon monoxide (CO)
	µg/m3
	Copernicus Atmospheric Monitoring Service



	Ozone (O3)
	µg/m3
	Copernicus Atmospheric Monitoring Service



	Population
	Number of residents in 2011 at the municipality level.
	Italian National Statistical Institute



	Employees
	Number of employees operating in all economic sectors at the municipality level.
	Italian National Statistical Institute



	Density
	Population per municipality area.
	Italian National Statistical Institute



	Over 65
	Share of people aged 65 or above.
	Italian National Statistical Institute



	Income
	Total municipality gross income (million euros).
	Italian National Statistical Institute



	Precipitation
	11-day (from t−10 to t) moving average of total precipitation in mm at the municipality level.
	Copernicus Climate Change Service



	Wind
	Wind intensity at 10 m from the ground (km/h).
	Copernicus Climate Change Service



	Radiation
	Daily solar radiation (W/m2).
	Copernicus Climate Change Service



	Temperature
	Air temperature measure at the height of 2 m above ground, at the municipality level.
	Copernicus Climate Change Service



	Park age
	Distance from the year of park creation in years.
	



	Distance from park municipality
	Distance between the given non-park municipality and the closest park municipality centroid.
	



	Region
	Italian regions.
	



	Days since lockdown
	Days since the start of the national lockdown, officially began on 10 March 2020.
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Table 2. Descriptive statistics.
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Park Municipalities

	
Non-Park Municipalities




	

	
Mean

	
95% CI

	
Mean

	
95% CI






	
PM2.5 # (µg/m3)

	
8.709

	
8.692

	
8.727

	
12.818

	
12.811

	
12.825




	
PM10 # (µg/m3)

	
12.808

	
12.777

	
12.839

	
16.677

	
16.668

	
16.686




	
NO2 # (µg/m3)

	
3.252

	
3.243

	
3.262

	
9.788

	
9.780

	
9.795




	
SO2 # (µg/m3)

	
0.718

	
0.716

	
0.720

	
1.092

	
1.091

	
1.093




	
CO # (µg/m3)

	
145.898

	
145.798

	
145.997

	
196.962

	
196.894

	
197.031




	
O3 # (µg/m3)

	
68.423

	
68.381

	
68.465

	
62.277

	
62.260

	
62.294




	
Population

	
5514.589

	
5469.919

	
5559.259

	
7704.919

	
7672.863

	
7736.976




	
Employees

	
1065.349

	
1054.894

	
1075.805

	
2249.260

	
2235.537

	
2262.982




	
Density

	
112.518

	
111.557

	
113.479

	
316.219

	
315.710

	
316.728




	
Days since lockdown

	
3.952

	
3.910

	
3.995

	
3.952

	
3.941

	
3.963




	
Precipitation *

	
3.252

	
3.233

	
3.272

	
3.305

	
3.299

	
3.310




	
Wind *

	
6.291

	
6.277

	
6.304

	
6.300

	
6.297

	
6.303




	
Radiation *

	
178.413

	
5.14

	
359.985

	
168.404

	
2.985

	
369.60




	
Park age

	
34.44

	
11

	
98

	

	

	




	
Distance from park municipality

	
0.00719

	
0.00013

	
0.02341

	
0.00101

	
0.00012

	
0.01784




	
Temperature *

	
11.888

	
11.864

	
11.911

	
12.720

	
12.714

	
12.726




	
Income

	
57.444

	
56.899

	
57.989

	
108.921

	
108.319

	
109.523








* Contains modified Copernicus Climate Change Service Information (2017–2020), DOI: 10.24381/cds.e2161bac’. # Contains modified Copernicus Atmospheric Monitoring Service Information (2017–2020).
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Table 3. Correlation matrix of the variables used in the multivariate analysis (pairwise c+orrelation coefficients).
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	PM2.5
	PM10
	NO2
	O3
	CO
	SO2
	Population
	Empl.
	Density
	Days
	N.Park
	Prec.
	Wind
	Temper.
	Radiation





	PM2.5
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	PM10
	0.9193
	1
	
	
	
	
	
	
	
	
	
	
	
	
	



	NO2
	0.6247
	0.4639
	1
	
	
	
	
	
	
	
	
	
	
	
	



	O3
	−0.2547
	−0.1486
	−0.6405
	1
	
	
	
	
	
	
	
	
	
	
	



	CO
	0.6926
	0.5133
	0.8966
	−0.5828
	1
	
	
	
	
	
	
	
	
	
	



	SO2
	0.5353
	0.4563
	0.5882
	−0.2470
	0.5605
	1
	
	
	
	
	
	
	
	
	



	Population
	0.0295
	0.0330
	0.0749
	−0.0216
	0.0463
	0.0794
	1
	
	
	
	
	
	
	
	



	Employees
	0.0343
	0.0311
	0.0823
	−0.0280
	0.0560
	0.0705
	0.9514
	1
	
	
	
	
	
	
	



	Density
	0.1629
	0.1418
	0.3475
	−0.1026
	0.2625
	0.2914
	0.2848
	0.2449
	1
	
	
	
	
	
	



	Days since lockdown
	−0.0378
	0.0010
	−0.1088
	0.1643
	−0.0325
	−0.0243
	−0.0000
	−0.0000
	−0.0000
	1
	
	
	
	
	



	National Park
	−0.1145
	−0.0831
	−0.1676
	0.0694
	−0.1436
	−0.0956
	−0.0133
	−0.0168
	−0.0772
	−0.0000
	1
	
	
	
	



	Precipitation
	−0.2174
	−0.2216
	−0.0583
	−0.0633
	−0.0827
	−0.1347
	−0.0074
	−0.0037
	0.0018
	−0.0156
	−0.0017
	1
	
	
	



	Wind
	−0.2072
	−0.0909
	−0.1865
	0.1400
	−0.1743
	0.0335
	0.0494
	0.0227
	0.0441
	0.0122
	−0.0005
	0.0437
	1
	
	



	Temperature
	0.0624
	0.1707
	−0.2554
	0.4913
	−0.3544
	0.0042
	0.0347
	0.0189
	0.0637
	0.0684
	−0.0258
	−0.0686
	0.0569
	1
	



	Radiation
	0.0853
	0.1603
	−0.3202
	0.6707
	−0.3208
	−0.0301
	0.0057
	−0.0009
	−0.0082
	0.2209
	0.0280
	−0.3118
	−0.0656
	0.6754
	1
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Table 4. The park municipality effect on air quality (OLS regressions: pollutant-dependent variables are the column headers).
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(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2






	
Population

	
−8.45 × 10−6 ***

	
−8.62 × 10−6 ***

	
−2.22 × 10−5 ***

	
4.33 × 10−6

	
−0.000205 ***

	
−1.91 × 10−6 ***




	

	
(2.71 × 10−6)

	
(2.45 × 10−6)

	
(4.77 × 10−6)

	
(1.14 × 10−5)

	
(4.12 × 10−5)

	
(6.26 × 10−7)




	
Employees

	
−3.88 × 10−5 **

	
−3.40 × 10−5 **

	
−0.000115 ***

	
7.29 × 10−5 *

	
−0.000866 ***

	
−1.28 × 10−5 **




	

	
(1.62 × 10−5)

	
(1.55 × 10−5)

	
(3.17 × 10−5)

	
(4.43 × 10−5)

	
(0.000253)

	
(5.59 × 10−6)




	
Density

	
0.00113 ***

	
0.00115 ***

	
0.00387 ***

	
−0.00265 ***

	
0.0258 ***

	
0.000340 ***




	

	
(0.000109)

	
(0.000108)

	
(0.000289)

	
(0.000223)

	
(0.00219)

	
(2.76 × 10−5)




	
Day since lockdown

	
−0.0508 ***

	
−0.0406 ***

	
−0.0388 ***

	
0.0137 ***

	
0.0249 ***

	
−0.00139 ***




	

	
(0.000456)

	
(0.000553)

	
(0.000557)

	
(0.00143)

	
(0.00578)

	
(0.000105)




	
Park municipality

	
−1.009 ***

	
−0.671 ***

	
−1.807 ***

	
3.255 ***

	
−17.54 ***

	
−0.0918 ***




	

	
(0.133)

	
(0.137)

	
(0.182)

	
(0.234)

	
(1.614)

	
(0.0183)




	
Rain

	
−0.154 ***

	
−0.192 ***

	
−0.0989 ***

	
0.191 ***

	
−1.016 ***

	
−0.0103 ***




	

	
(0.00144)

	
(0.00189)

	
(0.00145)

	
(0.00234)

	
(0.0139)

	
(0.000129)




	
Wind

	
−0.477 ***

	
−0.400 ***

	
−0.312 ***

	
0.877 ***

	
−3.430 ***

	
−0.000917




	

	
(0.00894)

	
(0.0107)

	
(0.00879)

	
(0.0114)

	
(0.0889)

	
(0.000968)




	
Temperature

	
0.699 ***

	
1.021 ***

	
0.399 ***

	
0.0429 *

	
2.494 ***

	
0.0397 ***




	

	
(0.0108)

	
(0.0104)

	
(0.0176)

	
(0.0248)

	
(0.174)

	
(0.00167)




	
Radiation

	
0.0143 ***

	
0.0181 ***

	
−0.0103 ***

	
0.0848 ***

	
−0.0821 ***

	
0.00129 ***




	

	
(0.000239)

	
(0.000222)

	
(0.000348)

	
(0.000730)

	
(0.00378)

	
(3.83 × 10−5)




	
Income

	
0.00136 ***

	
0.00126 ***

	
0.00391 ***

	
−0.00214

	
0.0308 ***

	
0.000408 **




	

	
(0.000474)

	
(0.000433)

	
(0.000905)

	
(0.00148)

	
(0.00729)

	
(0.000159)




	
Valle d’Aosta

	
−2.264 ***

	
−0.957 ***

	
−3.472 ***

	
4.803 ***

	
−56.31 ***

	
−0.387 ***




	

	
(0.218)

	
(0.247)

	
(0.305)

	
(0.546)

	
(2.838)

	
(0.0267)




	
Lombardia

	
3.399 ***

	
3.559 ***

	
5.734 ***

	
−4.112 ***

	
50.23 ***

	
0.435 ***




	

	
(0.214)

	
(0.214)

	
(0.347)

	
(0.401)

	
(2.909)

	
(0.0377)




	
Trentino Alto-Adige

	
−2.651 ***

	
−1.980 ***

	
−3.580 ***

	
6.584 ***

	
−38.37 ***

	
−0.500 ***




	
3

	
(0.160)

	
(0.196)

	
(0.236)

	
(0.422)

	
(2.286)

	
(0.0201)




	
Veneto

	
2.870 ***

	
3.089 ***

	
2.540 ***

	
−4.272 ***

	
24.92 ***

	
0.0488 **




	

	
(0.206)

	
(0.210)

	
(0.305)

	
(0.458)

	
(2.507)

	
(0.0248)




	
Friuli-Venezia Giulia

	
−1.550 ***

	
−1.955 ***

	
−2.162 ***

	
−2.083 ***

	
−20.20 ***

	
−0.0619 *




	

	
(0.164)

	
(0.143)

	
(0.285)

	
(0.624)

	
(2.361)

	
(0.0346)




	
Liguria

	
−3.654 ***

	
−4.159 ***

	
−4.660 ***

	
12.09 ***

	
−34.19 ***

	
−0.0913 *




	

	
(0.211)

	
(0.232)

	
(0.278)

	
(0.294)

	
(2.172)

	
(0.0515)




	
Emilia-Romagna

	
−0.194

	
0.00534

	
−0.208

	
−1.937 ***

	
−5.215 *

	
−0.0775 ***




	

	
(0.242)

	
(0.233)

	
(0.394)

	
(0.751)

	
(2.980)

	
(0.0263)




	
Toscana

	
−4.207 ***

	
−3.961 ***

	
−4.988 ***

	
7.318 ***

	
−35.48 ***

	
−0.264 ***




	

	
(0.130)

	
(0.138)

	
(0.244)

	
(0.361)

	
(1.933)

	
(0.0265)




	
Umbria

	
−4.160 ***

	
−3.781 ***

	
−5.037 ***

	
6.192 ***

	
−41.81 ***

	
−0.417 ***




	

	
(0.136)

	
(0.134)

	
(0.244)

	
(0.442)

	
(1.911)

	
(0.0216)




	
Marche

	
−3.324 ***

	
−3.132 ***

	
−5.234 ***

	
7.030 ***

	
−36.56 ***

	
−0.239 ***




	

	
(0.155)

	
(0.159)

	
(0.217)

	
(0.379)

	
(1.782)

	
(0.0226)




	
Lazio

	
−4.670 ***

	
−4.322 ***

	
−4.427 ***

	
4.525 ***

	
−37.12 ***

	
−0.550 ***




	

	
(0.113)

	
(0.107)

	
(0.226)

	
(0.327)

	
(1.759)

	
(0.0192)




	
Abruzzo

	
−4.746 ***

	
−4.382 ***

	
−5.715 ***

	
4.561 ***

	
−45.65 ***

	
−0.436 ***




	

	
(0.121)

	
(0.118)

	
(0.204)

	
(0.302)

	
(1.783)

	
(0.0202)




	
Molise

	
−4.401 ***

	
−4.082 ***

	
−6.717 ***

	
4.753 ***

	
−47.74 ***

	
−0.496 ***




	

	
(0.114)

	
(0.114)

	
(0.195)

	
(0.474)

	
(1.666)

	
(0.0187)




	
Campania

	
−3.952 ***

	
−3.214 ***

	
−5.193 ***

	
3.676 ***

	
−38.41 ***

	
−0.458 ***




	

	
(0.131)

	
(0.129)

	
(0.249)

	
(0.304)

	
(1.925)

	
(0.0231)




	
Puglia

	
−4.162 ***

	
−4.209 ***

	
−6.561 ***

	
−8.733 ***

	
−32.08 ***

	
−0.154 ***




	

	
(0.143)

	
(0.153)

	
(0.226)

	
(0.486)

	
(1.911)

	
(0.0293)




	
Basilicata

	
−5.259 ***

	
−4.987 ***

	
−7.374 ***

	
−0.979 **

	
−50.04 ***

	
−0.418 ***




	

	
(0.153)

	
(0.187)

	
(0.217)

	
(0.450)

	
(1.742)

	
(0.0250)




	
Calabria

	
−5.228 ***

	
−4.300 ***

	
−7.969 ***

	
6.286 ***

	
−52.65 ***

	
0.138 ***




	

	
(0.125)

	
(0.133)

	
(0.206)

	
(0.355)

	
(1.631)

	
(0.0402)




	
Sicilia

	
−5.326 ***

	
−3.451 ***

	
−8.634 ***

	
9.605 ***

	
−67.86 ***

	
0.117 *




	

	
(0.128)

	
(0.132)

	
(0.241)

	
(0.342)

	
(1.883)

	
(0.0700)




	
Sardegna

	
−6.386 ***

	
−5.359 ***

	
−7.848 ***

	
6.401 ***

	
−60.45 ***

	
−0.521 ***




	

	
(0.121)

	
(0.123)

	
(0.207)

	
(0.301)

	
(1.672)

	
(0.0272)




	
Monday

	
−0.0745 ***

	
0.146 ***

	
0.790 ***

	
−1.545 ***

	
2.630 ***

	
0.0165 ***




	

	
(0.0124)

	
(0.0168)

	
(0.0120)

	
(0.0161)

	
(0.0840)

	
(0.00134)




	
Tuesday

	
−0.219 ***

	
−0.0389 **

	
1.030 ***

	
−1.929 ***

	
2.782 ***

	
0.0588 ***




	

	
(0.0142)

	
(0.0168)

	
(0.0139)

	
(0.0244)

	
(0.0895)

	
(0.00156)




	
Wednesday

	
−0.119 ***

	
−0.0999 ***

	
1.449 ***

	
−1.614 ***

	
4.337 ***

	
0.0777 ***




	

	
(0.0106)

	
(0.0126)

	
(0.0182)

	
(0.0212)

	
(0.0851)

	
(0.00174)




	
Thursday

	
0.227 ***

	
0.349 ***

	
1.826 ***

	
−1.777 ***

	
6.640 ***

	
0.109 ***




	

	
(0.00909)

	
(0.0114)

	
(0.0258)

	
(0.0238)

	
(0.123)

	
(0.00216)




	
Friday

	
0.542 ***

	
0.747 ***

	
1.992 ***

	
−1.992 ***

	
8.526 ***

	
0.114 ***




	

	
(0.00994)

	
(0.0131)

	
(0.0290)

	
(0.0234)

	
(0.155)

	
(0.00225)




	
Saturday

	
0.209 ***

	
0.224 ***

	
0.970 ***

	
−1.276 ***

	
3.068 ***

	
0.0496 ***




	

	
(0.00637)

	
(0.00742)

	
(0.0161)

	
(0.0190)

	
(0.0785)

	
(0.000962)




	
February

	
0.692 ***

	
−0.0135

	
−1.868 ***

	
6.206 ***

	
4.793 ***

	
−0.0903 ***




	

	
(0.0182)

	
(0.0222)

	
(0.0359)

	
(0.0548)

	
(0.304)

	
(0.00190)




	
March

	
−2.391 ***

	
−3.308 ***

	
−5.408 ***

	
11.46 ***

	
−23.09 ***

	
−0.395 ***




	

	
(0.0590)

	
(0.0605)

	
(0.0804)

	
(0.0903)

	
(0.741)

	
(0.00645)




	
April

	
−3.600 ***

	
−4.898 ***

	
−9.075 ***

	
18.51 ***

	
−59.50 ***

	
−0.569 ***




	

	
(0.101)

	
(0.108)

	
(0.140)

	
(0.151)

	
(1.235)

	
(0.0113)




	
May

	
−11.43 ***

	
−14.89 ***

	
−10.89 ***

	
14.24 ***

	
−91.93 ***

	
−1.023 ***




	

	
(0.140)

	
(0.144)

	
(0.179)

	
(0.192)

	
(1.581)

	
(0.0142)




	
June

	
−14.83 ***

	
−18.42 ***

	
−13.96 ***

	
17.46 ***

	
−129.0 ***

	
−1.213 ***




	

	
(0.189)

	
(0.183)

	
(0.259)

	
(0.325)

	
(2.339)

	
(0.0241)




	
July

	
−17.79 ***

	
−23.02 ***

	
−15.44 ***

	
23.74 ***

	
−144.7 ***

	
−1.428 ***




	

	
(0.215)

	
(0.210)

	
(0.297)

	
(0.378)

	
(2.694)

	
(0.0282)




	
August

	
−17.70 ***

	
−23.21 ***

	
−15.87 ***

	
17.04 ***

	
−137.0 ***

	
−1.354 ***




	

	
(0.213)

	
(0.204)

	
(0.304)

	
(0.356)

	
(2.797)

	
(0.0275)




	
September

	
−13.49 ***

	
−17.69 ***

	
−13.24 ***

	
9.692 ***

	
−106.6 ***

	
−1.009 ***




	

	
(0.157)

	
(0.147)

	
(0.245)

	
(0.278)

	
(2.245)

	
(0.0218)




	
October

	
−8.668 ***

	
−11.48 ***

	
−9.739 ***

	
−0.357 *

	
−96.37 ***

	
−0.592 ***




	

	
(0.119)

	
(0.111)

	
(0.187)

	
(0.205)

	
(1.745)

	
(0.0171)




	
November

	
−5.894 ***

	
−7.680 ***

	
−5.459 ***

	
−5.441 ***

	
−65.13 ***

	
−0.402 ***




	

	
(0.0737)

	
(0.0706)

	
(0.107)

	
(0.121)

	
(0.980)

	
(0.00881)




	
December

	
−0.989 ***

	
−1.060 ***

	
−0.950 ***

	
−6.117 ***

	
−14.83 ***

	
−0.132 ***




	

	
(0.0227)

	
(0.0264)

	
(0.0367)

	
(0.0529)

	
(0.337)

	
(0.00561)




	
Constant

	
13.43 ***

	
13.95 ***

	
16.24 ***

	
33.10 ***

	
269.2 ***

	
0.947 ***




	

	
(0.169)

	
(0.177)

	
(0.236)

	
(0.352)

	
(2.243)

	
(0.0180)




	
Observations

	
6,899,886

	
6,899,886

	
6,899,886

	
6,899,886

	
6,899,886

	
6,899,886




	
R-squared

	
0.351

	
0.280

	
0.550

	
0.620

	
0.509

	
0.276








Robust standard errors are clustered at the municipality level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 5. Robustness checks.
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Panel A. National parks and air quality—monitoring points with distance from municipality centroid < 5 km.




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Park Municipality

	
−1.059 ***

	
−0.722 ***

	
−1.858 ***

	
3.359 ***

	
−18.15 ***

	
−0.0965 ***




	

	
(0.149)

	
(0.153)

	
(0.201)

	
(0.259)

	
(1.792)

	
(0.0202)




	
Observations

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242




	
R-squared

	
0.353

	
0.283

	
0.551

	
0.621

	
0.510

	
0.281




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request.




	
Panel B. National parks and air quality, controlling for time trend.




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Park Municipality

	
−0.428 ***

	
−0.0195

	
−2.063 ***

	
2.638 ***

	
−12.44 ***

	
−0.223 ***




	

	
(0.145)

	
(0.153)

	
(0.183)

	
(0.244)

	
(1.678)

	
(0.0216)




	
Park Age

	
−0.0013 ***

	
−0.0015 ***

	
0.00059 ***

	
0.00143 ***

	
−0.0116 ***

	
0.000300 ***




	

	
(6.41 × 10−5)

	
(8.11 × 10−5)

	
(6.61 × 10−5)

	
(0.00034)

	
(0.000629)

	
(1.78 × 10−5)




	
Time

	
0.00158 ***

	
0.00306 ***

	
−0.000999 ***

	
−0.00367 ***

	
0.0101 ***

	
−0.000311 ***




	

	
(3.61 × 10−5)

	
(4.63 × 10−5)

	
(5.43 × 10−5)

	
(0.000124)

	
(0.000472)

	
(9.97 × 10−6)




	
Observations

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242




	
R-squared

	
0.354

	
0.287

	
0.552

	
0.623

	
0.510

	
0.286




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request.




	
Panel C. National parks and air quality, controlling for time trend—monitoring posts with distance from municipality centroid < 5 km




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Park Municipality

	
−0.467 ***

	
−0.0588

	
−2.109 ***

	
2.723 ***

	
−12.91 ***

	
−0.228 ***




	

	
(0.161)

	
(0.171)

	
(0.203)

	
(0.270)

	
(1.863)

	
(0.0238)




	
Park Age

	
−0.0014 ***

	
−0.0015 ***

	
0.000576 ***

	
0.00147 ***

	
−0.0120 ***

	
0.000301 ***




	

	
(7.12 × 10−5)

	
(8.99 × 10−5)

	
(7.29 × 10−5)

	
(0.000376)

	
(0.000699)

	
(1.95 × 10−5)




	
Time

	
0.00160 ***

	
0.00309 ***

	
−0.00101 ***

	
−0.00369 ***

	
0.0102 ***

	
−0.000314 ***




	

	
(4.02 × 10−5)

	
(5.14 × 10−5)

	
(6.04 × 10−5)

	
(0.000139)

	
(0.000526)

	
(1.11 × 10−5)




	
Observations

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242

	
5,275,242




	
R-squared

	
0.354

	
0.287

	
0.552

	
0.623

	
0.510

	
0.286




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request.




	
Panel D. National parks and air quality—excluding the lockdown period




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Park Municipality

	
−1.023 ***

	
−0.756 ***

	
−1.864 ***

	
3.373 ***

	
−17.96 ***

	
−0.0905 ***




	

	
(0.137)

	
(0.142)

	
(0.189)

	
(0.239)

	
(1.679)

	
(0.0187)




	
Observations

	
6,250,577

	
6,250,577

	
6,250,577

	
6,250,577

	
6,250,577

	
6,250,577




	
R-squared

	
0.343

	
0.289

	
0.551

	
0.624

	
0.505

	
0.275




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request.




	
Panel E. National parks and air quality—excluding the lockdown period, monitoring posts with distance from municipality centroid < 5 km




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Park Municipality

	
−1.075 ***

	
−0.808 ***

	
−1.918 ***

	
3.478 ***

	
−18.60 ***

	
−0.0955 ***




	

	
(0.153)

	
(0.159)

	
(0.209)

	
(0.264)

	
(1.864)

	
(0.0206)




	
Observations

	
4,778,819

	
4,778,819

	
4,778,819

	
4,778,819

	
4,778,819

	
4,778,819




	
R-squared

	
0.345

	
0.292

	
0.553

	
0.624

	
0.506

	
0.280




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request.




	
Panel F. National parks and air quality, controlling for the distance from park municipality—excluding park municipalities




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Distance from Park Municipality

	
−449.4 ***

	
−422.8 ***

	
−645.1 ***

	
614.6 ***

	
−6051 ***

	
−41.28 ***




	

	
(37.23)

	
(37.05)

	
(64.57)

	
(85.22)

	
(545.5)

	
(6.253)




	
Observations

	
6,458,004

	
6,458,004

	
6,458,004

	
6,458,004

	
6,458,004

	
6,458,004




	
R-squared

	
0.351

	
0.281

	
0.550

	
0.632

	
0.512

	
0.273




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request




	
Panel G. National parks and air quality, controlling for the distance from park municipality—excluding park municipalities, monitoring posts with distance from municipality centroid < 5 km




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Distance from Park Municipality

	
−470.6 ***

	
−445.7 ***

	
−681.1 ***

	
626.8 ***

	
−6369 ***

	
−45.38 ***




	

	
(43.52)

	
(43.41)

	
(75.37)

	
(97.71)

	
(636.7)

	
(7.211)




	
Observations

	
4,940,964

	
4,940,964

	
4,940,964

	
4,940,964

	
4,940,964

	
4,940,964




	
R-squared

	
0.353

	
0.284

	
0.553

	
0.632

	
0.513

	
0.279




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request




	
Panel H. National parks and air quality, controlling for time trend and the distance from park municipality—excluding park municipalities




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Distance from Park Municipality

	
−317.5 ***

	
−277.1 ***

	
−732.1 ***

	
480.6 ***

	
−4242 ***

	
−83.40 ***




	

	
(33.64)

	
(32.90)

	
(68.78)

	
(79.76)

	
(484.2)

	
(7.723)




	
Distance × Time

	
−0.303 ***

	
−0.337 ***

	
0.200 ***

	
0.312 ***

	
−4.130 ***

	
0.0963 ***




	

	
(0.0233)

	
(0.0265)

	
(0.0253)

	
(0.0807)

	
(0.358)

	
(0.00784)




	
Time

	
0.00189 ***

	
0.00345 ***

	
−0.00118 ***

	
−0.00394 ***

	
0.0141 ***

	
−0.000409 ***




	

	
(4.84 × 10−5)

	
(5.97 × 10−5)

	
(6.91 × 10−5)

	
(0.000160)

	
(0.000684)

	
(1.19 × 10−5)




	
Observations

	
6,458,004

	
6,458,004

	
6,458,004

	
6,458,004

	
6,458,004

	
6,458,004




	
R-squared

	
0.353

	
0.284

	
0.551

	
0.633

	
0.513

	
0.279




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request




	
Panel I. National parks and air quality, controlling for time trend and the distance from park municipality—excluding park municipalities, monitoring points with distance from municipality centroid < 5 km




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Distance from Park Municipality

	
−336.3 ***

	
−295.3 ***

	
−769.5 ***

	
490.8 ***

	
−4525 ***

	
−87.61 ***




	

	
(39.29)

	
(38.40)

	
(80.18)

	
(91.41)

	
(563.4)

	
(8.915)




	
Distance × Park Municipality × Time

	
−0.309 ***

	
−0.348 ***

	
0.203 ***

	
0.317 ***

	
−4.211 ***

	
0.0966 ***




	

	
(0.0263)

	
(0.0301)

	
(0.0286)

	
(0.0916)

	
(0.407)

	
(0.00883)




	
Time

	
0.00192 ***

	
0.00349 ***

	
−0.00119 ***

	
−0.00396 ***

	
0.0143 ***

	
−0.000412 ***




	

	
(5.40 × 10−5)

	
(6.65 × 10−5)

	
(7.70 × 10−5)

	
(0.000178)

	
(0.000765)

	
(1.32 × 10−5)




	
Observations

	
4,940,964

	
4,940,964

	
4,940,964

	
4,940,964

	
4,940,964

	
4,940,964




	
R-squared

	
0.355

	
0.288

	
0.553

	
0.634

	
0.514

	
0.285




	
*** p < 0.01. Full estimate results are omitted for reasons of space and available upon request




	
Panel J. National parks and air quality, controlling for time trend and the distance from park municipality—excluding park municipalities and distances above the 40th centile




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
PM2.5

	
PM10

	
NO2

	
O3

	
CO

	
SO2




	
Distance from Park Municipality

	
−123.1 ***

	
−73.82 ***

	
−73.82 ***

	
259.5 ***

	
−2622 ***

	
−20.03 ***




	

	
(17.25)

	
(20.23)

	
(20.23)

	
(56.45)

	
(257.1)

	
(5.883)




	
Distance × Time

	
−0.0365 **

	
−0.0551 ***

	
−0.0551 ***

	
−0.113

	
0.717 ***

	
0.0236 ***




	

	
(0.0149)

	
(0.0186)

	
(0.0186)

	
(0.0790)

	
(0.156)

	
(0.00716)




	
Time

	
0.000996 ***

	
0.00219 ***

	
0.00219 ***

	
−0.00166 ***

	
−0.000876 *

	
−4.17 × 10−5 **




	

	
(5.53 × 10−5)

	
(7.09 × 10−5)

	
(7.09 × 10−5)

	
(0.000206)

	
(0.000504)

	
(1.81 × 10−5)




	
Observations

	
2,205,000

	
2,205,000

	
2,205,000

	
2,205,000

	
2,205,000

	
2,205,000




	
R-squared

	
0.343

	
0.283

	
0.283

	
0.588

	
0.510

	
0.327




	
*** p < 0.01, ** p < 0.05, * p < 0.1. Full estimate results are omitted for reasons of space and available upon request
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Table 6. Average impact on mortality of pollutants considered in our study.






Table 6. Average impact on mortality of pollutants considered in our study.





	
Pollutant

	
% Change in Risk (95% CI) in Mortality Associated with a 10 μg/m3 Increase




	

	
(1)

	
(2)






	

	
Mean of the Appendix Studies

	
Mean of the Appendix Studies

(Excluding the Minimum and Maximum Value)




	
PM2.5

	
9.67 (0.6, 20)

	
10.23 (2.7, 18.8)




	
PM10

	
17.17 (7.1, 28.5)

	
13 (0.2, 27.7)




	
NO2

	
6.30 (0.5, 12)

	
6.5 (1.3, 11.3)




	
SO2

	
1.45 (1, 1.73)

	
1.01 (0.7, 1.2)




	
O3

	
1.09 (0.5, 1.6)

	
1.07 (0.5, 1.7)




	
CM

	
28.23 (17.7, 38.7)

	
20.45 (11.5, 29.4)








Empirical studies are those listed in Appendix A. The column (1) is the simple mean, while the column (2) is the mean dropping the two extreme values (the minimum and the maximum, respectively).
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