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CLIMATE CHANGE, AIR POLLUTION AND CITIES

Climate change is the most significant threat to life on Earth. It results from natural and anthropogenic emissions of air pollutants, especially greenhouse gases (GHGs), causing large-scale effects on the climate (IPCC, 2013). In other words, the complicated relationship between air pollution and climate change is primarily driven by GHGs (Von Schneidemesser et al., 2015; Xu and Lamarque, 2018). Water vapor, ozone (O3), nitrous oxide (N2O), carbon dioxide (CO2), and methane (CH4) are among the GHGs causing global warming, although the latter two account for 90% of GHGs and are primarily emitted by the burning of fossil fuels (Kumar and Imam, 2013; EPA, 2020; Kumar et al., 2020a).

As depicted in Figure 1, air pollution and climate change are inextricably linked in terms of (i) emission sources, (ii) climate characteristics and chemistry, and (iii) mitigation measures. They both entail significant consequences for human health. For instance, particulate matter (PM) are not only associated with adverse health impacts (Heal et al., 2012) but also have a circuitous climatic impact, as they can serve as cloud buildup nuclei and thus influence climate forcing as well as meteorological phenomena, e.g., dissipating or capturing inward irradiation (Williams, 2012; Von Schneidemesser et al., 2015; Maione et al., 2016). Likewise, global temperature rise, drought, declining water resources, shrinking ice sheets, flooding and erosion in coastal areas, ocean acidification, rising sea levels, and increasing extreme weather events present irrefutable evidence of global warming (Figure 1). Although these global issues are seen as distinct problems in numerous fields of research and policy, they are inevitably connected, and any alleviation policy in one area could affect circumstances in another (Von Schneidemesser et al., 2015), requiring a holistic approach to solutions.
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FIGURE 1. A simple schematic diagram showing the interconnections between air pollution, climate and human health.


Global warming makes cities warmer, while urbanisation intensifies this process via urban heat island generation and aerosol radiative forcing. The consequences of interactions among climate change, the urban heat island effect, and air pollution are expected to increase the risk of poor human health in cities globally by the middle of the twenty-first century. Investigation into linkages between climate variables (e.g., temperature, relative humidity, air quality index) and health risks (e.g., mouth, foot and hand disease) revealed that the health impacts of climate change were more substantial in areas of lower air quality (Du et al., 2019). Air pollution affects atmospheric evaporation by increasing the volume of field occurrence irradiation in the climate system, which is the essential force for evaporation (Yao, 2017). In addition, it is suggested that high PM2.5 concentrations in earth's atmosphere may result in inadequate moisture for crop production. Furthermore, hotter metropolitan climates escalate the impacts of air contamination on mortality associated with pneumonia disease. In Hong Kong, the acute mortality effects of pneumonia have been found to increase with warmer weather and be further exacerbated during peak hours of air pollution, indicating that a hotter city climate due to global warming and urbanism may raise the risks of air contamination-pneumonia (e.g., Sun et al., 2019). In short, global warming and urban development are making metropolitan areas warmer and influencing the chemistry of urban air pollution.

Climate change could influence the lifespan, dispersion, and associated health impacts of many different pollutants, including PM2.5 (e.g., Xu and Lamarque, 2018). Therefore, climate change and air pollution mitigation measures have ramifications for one another. For example, Shindell et al. (2012) highlighted 14 mitigation measures for specific air pollutants, such as black carbon and CH4, which can decrease anticipated global mean temperature by ~0.5°C by 2050 and enhance food security and human health simultaneously. A goal-oriented climate change mitigation and adaptation agenda has the potential to both protect our wellbeing and future, and to diminish the yearly seven million deaths from air pollution across the world (Schmale et al., 2014). Shindell et al. (2017) also suggested that decreasing short-lived climate pollutants over the coming 25 years can significantly lower the anticipated 0.5°C change in future climate scenarios as a near-term target, as well as offering numerous possible co-benefits in terms of accomplishing Sustainable Development Goals (SDGs).

The contemporary overconsumption of energy is one central cause of GHG emissions and, subsequently, global warming and climate change. Developing a sustainable energy program and effectively managing natural resources are key to tackling this issue. Other important steps include reducing the demand for energy generated from fossil fuels, improving the efficiency of products over the life cycle, reusing and recycling materials where prudent, and switching to cleaner fuels in the transportation sector.



HEALTH AND ENVIRONMENTAL RISKS TO CITIES UNDER A CHANGING CLIMATE

Global warming will have tremendous ramifications for people's wellbeing, particularly in terms of water- and vector-borne contagious diseases (Shuman, 2010). The routes through which climate change and related variabilities influence human health are connected to different social, natural, biological and economic factors. At the same time, the development, spread, and endurance of pathogens play an important role in disease transmission (Figure 2). Global warming could pose hazards to human health and wellbeing by triggering rises in extreme weather and climate-related events (e.g., droughts, heatwaves, floods) and air pollution (Rahmstorf and Coumou, 2011; Watts et al., 2015). The geography of ecological effects and impacts on the wellbeing of climate change-driven pollutants are inconsistent (Adger, 2006). In particular, urban citizens of low- and average-income nations are most susceptible because of their significant exposures to changing weather conditions and air pollutants, and limited ability to control and adjust to these risks (IPCC, 2014; WHO, 2014; Ma et al., 2020).


[image: Figure 2]
FIGURE 2. Pathways of climate variability and change effects on human wellbeing with specific features of human infectious diseases (water-food-vector-borne maladies).


Climate change could also affect human health and deteriorate the surfaces of building materials by amplifying the concentrations of secondary pollutants, such as O3 (Kumar and Imam, 2013; Xu and Lamarque, 2018). Evidence from recent years shows that climate change can be linked with detrimental wellbeing outcomes (Patz et al., 2014). By 2050, many cities around the world might face more recurrent, intense heatwaves during days and nights. Episodes of extreme heat are also strongly linked with days of O3 exceedance. Impacts of extreme climate events on people's wellbeing had not been straightforwardly reported, and furthermore, there is no distinct proof of it. Yet, numerous investigations (Ebi et al., 2006; O'Neill and Ebi, 2009; Shuman, 2010; Masselot et al., 2018) have indicated that human endeavours have steadily affected natural environmental factors throughout the past 50 years. On that note, heatwaves, floods, air contamination, aeroallergens, droughts, and vector-borne infections might be considered as the result of our historical actions, which subsequently trigger excess morbidities and mortalities. Such detrimental health perspectives linked with climate change include heat-associated issues, e.g., thermal discomfort (excess cold or heat); decreased work capability; respiratory problems comprising those intensified via air pollutants and aeroallergens, e.g., COVID-19, asthma; irresistible ailments including vector-borne diseases and water-borne maladies, such as childhood gastrointestinal illnesses; food instability and malnutrition, such as due to diminished crop yields; and mental health crises, e.g., post-traumatic stress disorders and other issues related with natural hazards. Significant health and monetary co-advantages could be related to decreased fossil fuel exploitation (Patz et al., 2014). Therefore, climate change mitigation and adaption measures constitute a significant challenge for quite a long time to come. Meanwhile, with the anticipated increase in heatwave occurrence and other weather- and climate-related changes, human wellbeing will be significantly impacted by climate change (Figure 2).



NATURAL HAZARDS AFFECTING CITIES

Projections related to global warming show an increase in the recurrence and extent of natural disasters that will influence the global community and the environment (EEA, 2017; IPCC, 2018). A natural hazard can cause widespread loss and entail severe changes in the normal functioning of societies at any location due to its interplay with states of coping capacity, vulnerability and exposure, resulting in loss to the economy, human lives and damage to biodiversity (UNISDR, 2020). Hazard intensity is determined by the impact of a disaster on communities, and the scale of effects depends upon the decisions we make for our life and surroundings (UNISDR, 2002). For example, rapid urbanisation under climate change, without efforts to increase resilience, is exposing cities around the globe to enormous risks, and particularly cities built along waterways or near coasts (Kumar and Saroj, 2014; Re Swiss, 2020). For instance, Gu (2019) studied the exposure and vulnerability of 1,860 cities and urban areas to natural disasters (floods, cyclones, earthquakes, droughts, landslides, and volcanic eruptions; Figure 3). The study highlighted that metropolitan planners and decision-maker need to reinforce resilience and adaptation strategies to tackle the increasing impacts of natural hazards and with the target of accomplishing SDGs. Of the studied metropolitan areas, almost 58% were highly exposed to at least one of the six natural hazards (Figure 3). Moreover, slightly <14% and around 2% of the cities were profoundly exposed to more than two and three natural hazards, respectively (Figure 3).


[image: Figure 3]
FIGURE 3. Exposure and vulnerability of 1,860 world cities to six natural hazards: floods, cyclones, earthquakes, droughts, landslides, and volcanic eruptions. Note: No risk (0 exposure to 6 natural hazards), low risk (poorly exposed to one of 6 natural hazards), medium risk (exposed to one of 6 natural hazards, but low risk of related mortality/economic losses), high risk to 1 type of disaster (highly exposed to one natural hazard and mortality/economic loss is noted), high risk to 2 types of hazards (highly exposed to two types of natural hazards), high risk to 3+ types of hazard (highly exposed to three or more types of natural hazards), high risk to 1+ type of hazards (highly exposed to at least one or more of the 6 natural hazards and huge mortality and economic loss are noted). The data used in this figure are taken from Gu (2019).


In general, the majority of the world's riskiest cities are located in East Asia, China, Taiwan, the Philippines and Japan, on the basis of their degree of exposure to natural hazards (Gu, 2019). Many of these metropolitan areas are situated on the coast and are jeopardized by floods, storms, earthquakes and other natural disasters (Figure 3). Figure 4A shows the ten most severely impacted cities by natural hazards across the world. Overall, floods, earthquakes and wind storms caused damage to 43.9, 32.8, and 18.2% of inhabitants, respectively, while another 5.2% of inhabitants were potentially devastated by storm surges and tsunamis (Figure 4B). Clearly, the effects of a natural hazard in some densely occupied cities can be catastrophic (Debele et al., 2019). This is why disaster risk planning and management is nowhere more urgent than in the world's large metropolitan areas.


[image: Figure 4]
FIGURE 4. (A) Fatalities and injuries aggregated for all five hazards (in million)—by cities (counties), and (B) cumulative number of fatalities and injuries impacted in all 10 cities areas—by hazards. The data used in this figure are taken from Swiss Re (2020). Acronyms: JPN (Japan), PHL (Philippines), CHN (China), IND (India), USA (United States of America), and IRN (Iran).




GLOBAL HEALTH AND ECONOMIC BURDEN DUE TO NATURAL HAZARDS

Challenges associated with climate change, such as droughts, heatwaves, and flooding, are intensified in low- to middle-income countries due to poverty, inadequate development, and high dependence on natural wealth (Rogelj et al., 2016). Figure 3 shows that 83, 32, and 7% of cities, respectively, were at high risk of natural hazard-related mortality from at least one, two and three out of the six types of natural hazards. Figure 5 shows that 76% of 1,860 analyzed metropolitan areas were situated in territories profoundly vulnerable to flood-related mortality. Natural hazards not only have a significant impact on human lives and health (Figure 3), but they can also considerably disrupt the local economies of metropolitan areas and, in some cases, entire countries. Figure 3 also shows that 89% of cities were situated in regions considered highly vulnerable to economic damage from at least one natural hazard. About 72% of 1,860 metropolitan areas were situated in regions of high exposure and vulnerability to flooding-associated economic damage (Figure 5). Figure 5 also shows the corresponding data for other hazards, and the associated level of exposure, vulnerability, mortality and economic damage. In general, these observations suggest that most of the metropolitan areas were highly exposed to both flood-associated mortality and economic damage (Figure 5).


[image: Figure 5]
FIGURE 5. The risk exposure and vulnerability of 1,860 cities to six natural hazards (in %): high level of exposure to hazards, high level of mortality from hazards and high level of economic damages from hazards. The data used in this figure are taken from Gu (2019).




GRAND CHALLENGES TO FILL EXISTING GAPS FOR HEALTHY CITIES UNDER CLIMATE CHANGE

Air contamination and climate change are critical issues worldwide, bearing substantial impacts on people's wellbeing and economic growth. In spite of the fact that there are many long-term possibilities to tackle these problems with coordinated policies, the immediate needs of tackling air contamination and climate change are not the same for all nations in the short-run (Confalonieri et al., 2007). Alleviation of global warming and air pollutants by introducing advanced methodologies that decrease local and regional air contamination can improve human health and surroundings, and may likewise support economic growth (Patz et al., 2014). However, atmospheric aerosols (or particulate matter) and global warming are traditionally seen as two separate issues across numerous science and policy areas, despite the fact that aerosols and GHGs share multiple atmospheric properties, emission sources, and means of mitigation. This may be as a result of policy trade-offs to some degree, where amelioration of surrounding aerosols cannot profit climate change, and vice versa. However, there are various significant co-benefit strategies, such as reducing GHGs (radiative forcing) also reduces ambient aerosols (air pollution) produced from similar sources (Kumar and Saroj, 2014; Von Schneidemesser et al., 2015). Indeed, climate change and air pollution are two sides of the same coin; they share predominantly similar causes (e.g., GHGs) and mitigation measures (e.g., green infrastructures). In reality, there are numerous opportunities to mitigate and adapt to climate change and to enhance air quality. However, alleviation measures that blindly prioritize one aspect can inadvertently exacerbate manifestations of the other. The pursuit of ideal strategies for addressing both air pollution and climate change will accordingly require cautious regulation, legislation and presentation. It will also mean a level of compromise and cooperation on the two sides. Thus, coordinated global action, considering air pollution-climate change linkages, is urgently needed.

Overall, the complex relationship between climate change and air pollution means that future policies that alleviate these dual problems will profit from better coordination. Evaluating the effects on human wellbeing of alternative policy methods to mitigate climate change and pollution will be a key area of future study. Innovative city planning initiatives that integrate the common interests of climate and health have received increasing attention. Holistic and interdisciplinary approaches, complemented by nature-inspired solutions (e.g., Kumar et al., 2020b), are required to tackle the global challenge of climate change. Active involvement of multiple stakeholders will support the sustainability and efficacy of any identified strategies. These appear to be another critical area of expanded research work in coming years. As a founding Chief Specialty Editor, I am looking ahead to forward-looking publications on these critical areas in the “Climate Change and Cities” section of the journal.
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