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Extreme heat events caused by climate change have serious adverse effects on residents' health in many coastal metropolises in southeast China. Adaptive capacity (AC) is crucial to reduce heat vulnerability in the human-environment system. However, it is unclear whether changes in individual characteristics and socioeconomic conditions likely amplify or attenuate the impacts of residents' heat adaptive capacity (HAC) changes. Moreover, which public policies can be implemented by the authorities to improve the HAC of vulnerable groups remains unknown. We conducted a questionnaire survey of 630 residents of Xiamen, a typical coastal metropolis, in 2018. The effects of individual and household characteristics, and government actions on the residents' HAC were examined by using ordinal logistic regression analysis. Results show that the majority (48.10%) of Xiamen residents had a “medium” HAC level, followed by a “high” level (37.14%). On Xiamen Island, residents who settled locally for one–three years and spent less than one hour outdoors might report weaker HAC, and their HAC would not improve with increased air conditioning units in household. In other areas of Xiamen, residents with more rooms in their households, no educational experience, and building areas <50 m2 might report better HAC. Further, vulnerable groups, such as local residents and outdoor workers on Xiamen Island, people lacking educational experience and renters in other areas of Xiamen, showed better AC to hot weather than those in previous studies. Low-income groups should be given more attention by local governments and community groups as monthly household income played a positive role in improving Xiamen residents' HAC. Rational green spaces planning and cooling services, such as street sprinkling operations, provided by municipal departments can effectively bring benefits to Xiamen residents. Identification of basic conditions of AC has significant implications for practical promoting targeted measures or policies to reduce health damages and livelihood losses of urban residents during extreme heat events.
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INTRODUCTION

Extreme heat events around the world are occurring more frequently due to climate change caused by human activities (1). These events have gradually evolved into severe meteorological disasters (2) and have adversely affected the development of human society and health (3, 4). In the past few decades, continuous urbanization has increased the intensity and duration of hot days in coastal metropolitan areas (5, 6). Due to the accelerated concentration of population and capital, extreme heat events are becoming more frequent in developed areas along the southeast coast of China (7–9), such as Xiamen.

Xiamen, an important central city and tourist location, has nearly 4.11 million inhabitants. It has a total area of 1700.61 km2, of which the land area of Xiamen Island is 157.98 km2 (including Gulangyu), and the sea area is ~390 km2. There are six districts in the Xiamen metropolitan area, among which Siming and Huli are located on Xiamen Island, while Haicang, Jimei, Tong'an, and Xiang'an are located in other areas. Since the early 1980s, temperatures in Xiamen have continued to rise, and heat events have occurred more frequently. According to meteorological data from the Fujian Meteorological Bureau, there were 24 heat wave events from 1980 to 2014, with an average temperature rise of 0.43°C per decade and extreme temperatures of up to 39.2°C. Under the influence of buildings and background winds (10), the intensity of Xiamen's urban heat island may further increase, leading to an expansion of the adverse effects of extreme heat events. Despite Xiamen Island having a large population, favorable economic and social conditions, and an attractive natural environment (Figure 1), there has been little verification of whether the residents of Xiamen Island are better able to cope with the health threats of hot weather.
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FIGURE 1. The location of Xiamen City. (A) Fujian Province in China; (B) Xiamen City in Fujian Province; (C) the six districts and elevation map of Xiamen City. Background map source: National Geomatics Center of China. Population data source: the 7th National Census (2020). GDP data source: 2021 Yearbook of Xiamen Special Economic Zone.


Extreme heat events have threatened the health and livelihood of coastal metropolitan residents (11–13). It has been proven that there is a significant correlation between extreme heat and people's subjective health status. The incidence of cardiovascular, respiratory, and digestive tract diseases caused by scorching weather is on the rise (14–16). However, it is still unclear which groups in coastal metropolitan areas are more sensitive or vulnerable to hot weather, and there is an urgent need to know what measures can people take to cope with potential heat health threats and what targeted policies, such as welfare and public investment, can be developed by community groups and local governments to reduce the loss of life, health, and property during extreme heat events. In the face of these problems, we should treat human society and the natural environment as a unified unit (17). National Research Council of the National Academy of Sciences (18) believes that understanding why some people or regions are better able to cope with the negative impacts of climate change should focus on the geographical differences in exposure, vulnerability, and AC from the perspective of vulnerability, and adaptive capacity of the human-environmental system under external stress (extreme heat).

IPCC's report (19) defines AC as “the ability of systems, institutions, humans, and other organisms to adjust to potential damage, to take advantage of opportunities, or to respond to consequences.” The report affirms the importance of AC in assessing vulnerability to climate change. As a crucial component of the vulnerability of the human-environment system, AC can mobilize scarce resources to cope with expectations or current pressures, thus affecting the ultimate potential of achieving sustainable adaptation (20). Therefore, knowing and understanding HAC has become critical for the development of health policies and adaptation actions to enhance the ability of residents to cope with heat stress. HAC studies can also provide information for understanding the primary conditions of adaptation to extreme heat to support the governments, stakeholders, and residents in governance and decision-making. Recently, scholars have attempted to incorporate AC into the conceptual framework for constructing urban heat vulnerability evaluation models in the coupled study of urban heat hazards and human health. These studies used socio-demographic factors (e.g., age, gender), economic status, and incidence of chronic disease as indicators for assessing AC (21–26).

Adaptation is a complex problem (27). AC is measured differently at various temporal and spatial scales, in different cultural contexts, and with different social objectives (22, 28–31). The AC of an individual, city, or community is often affected by a series of decisive factors (29, 32). Therefore, it is imperative to determine how AC is built, what constitutes it, and what hinders or limits it (28). A research report (33), co-authored by the European Topic Centre on Climate Change Impacts, Vulnerability and Adaptation and the European Topic Centre on Spatial Information and Analysis, made a proposal to focus on AC from three aspects: “Ability,” “Action,” and “Awareness.” However, the quantitative measurement and spatial characterization of residents' HAC remain a challenging subject, and few studies have been devoted to exploring the means for residents to enhance their AC in the face of pressure in hot weather. From the perspective of the human-environment system, it is necessary to explore residents' HAC in terms of individual characteristics, household characteristics, government actions (34, 35), which allows us to get insight into the mechanisms by which people and the environment work together to cope with external interference (extreme heat) and to explain the composition of factors influencing HAC. In addition, current research on urban heat vulnerability or AC may not be interpreted at the level of individuals and their perceptions, which may have implications for the effective implementation of integrated person-centered health policies. It is increasingly recognized that the development of appropriate adaptation strategies requires a deeper understanding of the impacts of climate change on human beings (13, 36). Although it is relatively rare to collect information about residents' HAC through interviews or questionnaires, these methods are very effective for making observations about exposure, sensitivity, and AC at multiple scales (18, 37–39).

In this study, a questionnaire survey was conducted among the residents of Xiamen to: (1) explore their HAC and identify its significant influencing factors in terms of individual characteristics, household characteristics, government actions; (2) highlight the differences in their HAC and the influencing factors between Xiamen Island and other areas of Xiamen. Identifying these conditions can provide a scientific reference for policymakers to develop implementable health policies to improve the HAC of residents in metropolitan areas and reduce the health damage caused by extreme heat.



MATERIALS AND METHODS


Selection of Characteristics Associated With Residents' HAC

Residents' HAC should be examined on both a small-scale (individuals and households) and a large-scale (local governments and community groups). To investigate HAC on a smaller scale, individual HAC scales should include personal cognition, attitude, and the methods by which people protected themselves from heat stress (33, 40). HAC, on the individual and household scale, can be measured in terms of age, education level, health status, household economic status, housing conditions, information access, and other factors (22, 24, 41–43). To examine HAC on a larger scale, the impact of cooling programs and services provided by the community and municipality on the behaviors and ability of individuals to withstand heat waves should be investigated, since the residents directly experience and benefit from these services and facilities. HAC, on a larger scale, is influenced by the construction of urban cooling facilities, medical support configuration, heat forecasts, early warning information pushing, municipal cooling operations, and landscape configuration, among others (22, 24, 41, 44). This can serve as a reference for recommendations on the facilities and services that local governments should provide to cope with urban heat waves. Based on the perspective of the human-environment system, this approach is conducive to a deeper understanding of the challenges, needs, and practices of the city in the face of extreme heat events.

Combining the literature point of view and the consultation results of experts in related fields, we list the characteristics associated with residents' HAC that were used in our questionnaire and analysis (Table 1).


Table 1. Characteristics associated with residents' HAC.
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Data Collection

Data collection was divided into two steps: questionnaire design and formal implementation. In the first stage, the questionnaire was designed objectively based on the 22 characteristics listed in Table 1 (the questionnaire can be obtained in Supplementary Data Sheet 1). Residents living in Xiamen City were the target population for the survey. A five-point Likert scale was used to measure subjective questions, which facilitated the subsequent quantitative analysis. At the end of the questionnaire, participants were asked to rate their own HAC based on their responses to the previous questions. A semantic difference scale was used to classify the rating scale into five levels: lowest, low, medium, high, and highest. The scale and questions were evaluated by several experts before the questionnaire was completed. A pre-survey was conducted, and the questionnaire was further optimized based on the feedback. Finally, the survey was conducted in Xiamen, China from August 7 to August 14, 2018, employing the formal questionnaire.

Survey sites were determined based on spatial and random sampling. A total of 57 locations were selected in Xiamen Island and other areas of Xiamen, mainly in parks, shopping complexes, universities, and residential areas. The participants completed the questionnaire independently. For those with limited capacity to read and write, the investigator dictated the questions and filled in their answers. To ensure the authenticity and validity of the information, the questionnaires were filled in for 10–30 min. A total of 691 questionnaires were distributed, and 630 valid questionnaires were returned, with a valid return rate of 91.17%.



Statistical Method

For data analysis, IBM SPSS 21.0 (International Business Machines Corporation, Armonk, NY, USA) was used. To identify the differences between Xiamen Island and other areas of Xiamen in terms of individual characteristics, household characteristics, and government actions, a descriptive analysis was conducted, followed by ANOVA and Chi-square test. Finally, an ordinal logistic regression model was used to identify the factors that significantly influenced residents' HAC. The ordinal logistic regression model was established according to the following steps: ① suspicious variables affecting residents' HAC were analyzed using a univariate ordinal logistic regression model, and the statistically significant variables were selected (significance level was set at p < 0.15); ② screened variables in Step 1 were diagnosed by multicollinearity, and variables with a variance inflation factor >2 were eliminated; ③ the remaining variables were analyzed using an ordinal logistic regression model (significance level was set at p < 0.05).



Model Specification

This study used a logistic regression model to further identify the factors influencing residents' HAC. The independent variables of the model are the characteristics selected in Table 1, which have been conceptualized as questions in the questionnaire. The options for the questions were coded as numbers before the analysis for easy input into the model. Residents' HAC was chosen as the dependent variable. Since the dependent variable was ordinal, the ordinal logistic regression model was chosen for this study.

Suppose the dependent variable Y has k levels, and the probability of each level was explained as π1, π2, π3,…, πk, then π1+π2+π3+…+πk = 1. The effect of P different factors (the explanatory variables were denoted as x) on the probability of each category of the explanatory variables can be analyzed as a k−1 model (54), constructed as follows:
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where α is the threshold (constant term), and β is the position parameter (regression coefficient).




RESULTS

Supplementary Tables 2, 3 show that the proportion of male participants is greater than females (55.40% males and 44.60% females), comparable to the gender distribution of the resident population in Xiamen in the 7th National Census in 2020 (52.68% males and 47.32% females). The results of the Chi-square test show that there were no statistically significant differences in the characteristics associated with participants' HAC, except for the number of fans in household, regardless of whether the participants lived on Xiamen Island or other areas of Xiamen. Overall, 92.06% of participants reported their HAC as “medium” or above, of which almost half (48.10%) described their HAC as “medium.” (Supplementary Tables 2, 3 can be obtained in Supplementary Data Sheet 2).

Table 2 presents the three ordinal logistic regression models constructed in this study. The models are statistically significant, the degree of fit is good, and the hypothesis of “comparative advantage” of the model is established. The parallel lines test shows that the individual regression equations created by the model are parallel to each other. Therefore, the three models were suitable for studying the factors influencing residents' HAC.


Table 2. Factors significantly influencing residents' HAC based on results of ordinal logistic regression.
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All Areas of Xiamen

Table 2 shows that among individuals' characteristics, education level and hours spent outdoors per day had significant effects on participants' HAC. Participants with no educational background were likely to have higher HAC than those with education level at university and above. Participants who spent less than one hour outdoors showed a significant disadvantage in HAC compared to those who spent more than eight hours outdoors.

From the household aspects, the number of rooms in household and monthly household income had a positive effect on participants' HAC. As the number of rooms in household increased, participants' HAC would significantly improve. Participants with a monthly household income of more than RMB 20,000 were likely to report better HAC than those with a monthly household income of < RMB 2,000, RMB 2,000–5,000, and RMB 5,000–10,000.

Neither variable had a significant effect on participants' HAC in terms of their awareness and action to prevent heat-stroke. However, the convenience of accessing green spaces significantly affected participants' HAC, as demonstrated by the participants who found it “hard” and “general” to access green spaces were likely to report lower HAC compared to participants who found it “very easy” to access green spaces. When participants perceived that the municipalities “never” and “seldom” sprinkled water on the streets, they were likely to report lower HAC than those who perceived that the municipalities “always” sprinkled water on the streets.



Xiamen Island and Other Areas of Xiamen

Table 2 shows that the factors significantly influencing the participants' HAC on Xiamen Island and those in other areas of Xiamen were different.

Participants from Xiamen Island reported their HAC that was not influenced by their education background, but participants from other areas of Xiamen with no educational background reported significantly better HAC than those with university and higher education level. For participants living on Xiamen Island, if they spent less than one an hour outdoors per day, their HAC was more likely to be weaker than those who spent more than eight hours outdoors. In contrast, those living in other areas of Xiamen were not affected by the hours spent outdoors per day.

In terms of household characteristics, participants' HAC was influenced by monthly household income, regardless of whether they lived on Xiamen Island or in other areas. Participants living on Xiamen Island with a monthly household income of more than RMB 20,000 were likely to report better HAC than those with RMB 2,000–5,000. However, in other areas of Xiamen, participants with a monthly household income of more than RMB 20,000 were likely to report better HAC than those with < RMB 2,000 and those with RMB 5,000–10,000.

Years of local residence and number of air conditioners units in household had significant effects on the participants' HAC on Xiamen Island, indicating that participants who had lived locally for only one–three years might report weaker HAC than those who had lived locally for more than 10 years, and that participants' HAC might decrease as the number of air conditioners units in household increased. However, the above two factors had no impact on participants living in other areas of Xiamen, whose HAC was chiefly influenced by building area and number of rooms in household. Participants with <50 m2 of building area were likely to report higher HAC than those with more than 200 m2. On the other hand, participants with more rooms in their households might report stronger HAC.

The convenience of accessing green spaces had significant effect on participants' HAC regardless of whether they lived on Xiamen Island or other areas of Xiamen. On Xiamen Island, participants who found it “very difficult,” “difficult,” “fair,” and “easy” to access green spaces were likely to report weaker HAC compared to those with green spaces close at hand, while for participants living in other areas of Xiamen, only those who found it “difficult” to access green spaces might report weaker HAC.




DISCUSSION

This survey reflected the potential need of Xiamen residents to withstand hot weather. Unlike previous studies that used macroeconomic statistics (22, 41, 55), this study used semi-structured interviews to obtain a large sample of data, which provided a more comprehensive picture of residents' HAC. In the past, the Siming and Huli (Xiamen Island) had advantages over the four districts (other areas of Xiamen) in many aspects such as population, education, capital, healthcare, natural environment; the region's ability to cope with high temperatures could have been enhanced employing these. The Xiamen government had been actively implementing an integration strategy to promote the joint development of Xiamen Island and other areas of Xiamen in recent years. The local governments took equity and fairness into account in the integrated development of metropolitan areas. Supplementary Table 3 shows that the participants' HAC did not show statistically significant differences between Xiamen Island and other areas of Xiamen, which also indicated the achievements of the Xiamen government's efforts in the fields of employment, education, and urban infrastructure construction.

In this study, factors such as gender, age, BMI, health status, and the number of family members had no significant effects on residents' HAC. This is inconsistent with findings suggesting that the elderly and people with poor health status were heat sensitive and faced a higher health risk (22, 56, 57). It is to be noted that the proportion of children and elderly population in the study was small, and which might lead to a bias of the level of residents' HAC. However, this finding is similar to research conducted in Oakland, a coastal metropolis adjacent to San Francisco Bay. While a high percentage of low-income individuals lived in the urban center of Oakland, they did not demonstrate significant heat vulnerability and poor AC due to the lack of green spaces, old age, or health issues (22). Xiamen is a coastal metropolis with a large local population of older adults (according to the data of the 7th National Census, the population of Xiamen aged 60 and above was 493,579, accounting for 9.56%; an increase of 2.63% from the 6th National Census). Recently, Xiamen had established an “old-age service system” that is “home-based, community-supported, institutionally supplemented, and medical care-combined” covering both urban and rural areas (58). Xiamen's well-developed medical infrastructure and “old-age service system” can help treat the elderly who have suffered from the effects of heat waves.

Our results indicated that participants who lacked educational experience might report stronger HAC. However, our study might not provide a good representation of this group since only four such participants were surveyed. People with only high school education or less are associated with higher rates of heat-related deaths in previous studies (22, 59). Further research may be needed to investigate whether groups lacking educational experience are vulnerable and susceptible to heat in a coastal Chinese metropolis such as Xiamen. This finding also indicated no statistical difference in the ability of the participants with higher education levels to cope with hot weather. In Supplementary Table 3, the education level of participants was mainly concentrated at the university level and above. It is undeniable that residents with higher education levels have more experience and knowledge dealing with the health threats of hot weather.

We found that participants who spent less than an hour outdoors reported significantly weaker HAC than those who spent more than 8 h outdoors, especially in participants from Xiamen Island. This finding, to the best of our knowledge, is novel. During the study, we also found that many people who worked long hours outdoors, such as food delivery workers, leaflet distributors, marketing staff, and sanitation workers, indicated strong AC to hot weather. While they believed that the heat makes their work more difficult and burdensome, they were not afraid. Another interesting finding in our results is that the more air conditioning units the participants had in their households on Xiamen Island, the lower their HAC. Cheung and Jim (43) found that air conditioning units in poorly ventilated houses led to the deterioration of indoor air quality, and pressure in hot weather was also observed. Poor ventilation was associated with sick building syndrome (SBS) (51, 60). Therefore, we recommend that residents living on Xiamen Island do not stay indoors for a long time, and opening windows to get fresh air is essential.

Monthly household income had been affirmed to reduce heat vulnerability for residents in several studies (22, 24, 25, 41), this is consistent with the results of our study. Low-income individuals in Seoul had a higher mortality rate during hot weather (61). Low-income families also tended to have higher heat vulnerability (25) and lack air-conditioning equipment (37). To be sure, income, as found in previous studies, also plays a role in reducing heat risk for individuals and households in coastal metropolitan areas.

Our survey results showed that most participants (43.46%) from Xiamen Island had resided there locally for more than 10 years. They reported significantly higher HAC than those who had only lived there for one–three years. However, notably, the effect of years of local residence was not significant for participants from other areas of Xiamen. Compared to migrant workers and graduates who have lived locally for a shorter period, those who settled in Xiamen Island for a more extended period were more aware of the heat wave patterns occurring in the area. Since they know how to access cooling and medical resources faster, they may be better equipped to cope with the heat. This reflects the importance of personal experiences in withstanding natural disasters (62).

Our findings showed that more rooms in household might have stronger HAC, as reported by participants in the other areas of Xiamen. The number of rooms and building areas indirectly reflects the living conditions and economic status of the residents. Typically, the larger the living area, the better the ventilation and space for activities. Lim and Skidmore (25) found that people living in mobile or rented homes were more vulnerable to extreme heat. However, participants living in houses with a building area of <50 m2 in the other areas of Xiamen reported stronger HAC. This may reflect a unique group; renters, who share a whole house, to save money despite the small sizes of the rooms. It also indicates that these groups in Xiamen may not rely on the cooling environment provided by their housing. The methods and resources renters utilize to cope with heat are worth exploring further.

In our survey, participants who rarely obtained information about hot weather (29.74 and 31.48% for Xiamen Island and other areas of Xiamen, respectively) and who were less likely to go out to find cooling centers (33.01 and 35.80% for Xiamen Island and other areas of Xiamen, respectively) accounted for a large proportion of the participants. The participants did not seem interested in obtaining information about the hot weather and cooling centers. Considering the pleasant climate of coastal metropolitan areas, residents may not have worried about the effects of high temperatures. In Xiamen, the average number of air conditioning units reported by participants was 2.43. Since they had one fan in their households at least, it was considered adequate cooling equipment, and there was no need for them to go out and find a public cooling center initiatively.

Various facilities and cooling services, especially green spaces and sprinkling water on the streets, provided by the local governments and community groups, had been confirmed in this study to have a positive impact on residents' HAC. Green spaces have been shown to alleviate the urban heat island effect (52). They provided health benefits for residents who can enjoy staying under the shade of trees (53), which could help improve personal HAC. For cities, sprinkling water on the streets is an effective measure for mitigating a surface urban heat island (63). Which can also contribute to a cooler and healthier living environment for urban residents.


Limitations

One major drawback of this study is that it was only conducted in one metropolis along the southeastern coast of China. The sample size of 630 participants is not representative of the entire population of Xiamen, nor is it representative of coastal metropolises like Xiamen. Although this study involved the specific characteristics of individuals coping with heat risk in material and economic aspects, it did not explore the impact of environmental differences in nature and culture on residents' HAC. Furthermore, we could not completely rule out subjectivity in the questionnaire survey. Finally, not all the results can be directly compared with those of other studies, and further comparative studies are needed to extend the approach of this study to other coastal metropolises.




CONCLUSION

In the context of global warming, metropolises are increasingly becoming threatened by extreme heat such that those lacking the measures and capacity to withstand heat-related disasters may experience severe losses. It is essential to focus on the regional prerequisites of Xiamen compared with other countries and climate zones, and gain insight into residents' HAC at multiple scales for detailed, targeted strategies against extreme heat. For this, a questionnaire survey was conducted among residents of Xiamen to gather information about their HAC. The findings and methods employed in this study can be easily extended to other similar coastal metropolitan areas. This investigation is vital for urban residents and local governments because extreme heat events are directly related to human health and community well-being. For cities, authorities urgently need to develop people-centered preparedness plans and disposal measures to reduce heat disaster losses and achieve sustainable urban development for the decades to come.

There is a spatial heterogeneity in the factors influencing residents' HAC, and the influencing mechanisms of individual characteristics and socioeconomic conditions also vary across different areas of Xiamen city. In our study, groups sensitive to heat in previous studies, including local residents and outdoor workers on Xiamen Island and people with lower education levels and renters in other areas of Xiamen, did not show low HAC levels. Further research should explore why these groups may be well-equipped to cope with hot weather.

Our findings confirmed the role of monthly household income, the convenience of accessing green spaces, and city cooling services in improving residents' HAC and living environments. Local governments and community groups should implement targeted plans to prevent potential health injuries to residents with lower household income levels during extreme heat events. Authorities in Xiamen should create plans for urban green spaces and provide cooling services, like sprinkling water on the streets during hot days, which would mitigate the damage caused by extreme heat events and improve residents' HAC.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

Approval of all ethical and experimental procedures and protocols was granted by the Ethics Committee of Fuzhou University. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

WS: conceptualization and research design. CW: software and results analysis. CW and HY: writing—original draft preparation. CW, HY, MM, SZ, YL, HL, FW, KW, and XS: review and editing. All authors have read and agreed to the published version of the manuscript.



FUNDING

This research was funded by National Key Research and Development Plan Program of China (2016YFC0502905).



ACKNOWLEDGMENTS

We would like to thank all participants involved in this study, as well as the funding support from the National Key Research and Development Plan Program of China. We would like to express our sincere thanks to Shuting Chen, Haiyuan Huang, Duoduo Lin, Dong Lin, Ya'nan Wang, Bingxiong Fan, Xiaomei Jian, and Yin Fu for interviewing participants in the current study and for their work and efforts during the hot days.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.799365/full#supplementary-material



ABBREVIATIONS

HAC, heat adaptive capacity; AC, adaptive capacity.



REFERENCES

 1. Seneviratne SI, Zhang X, Adnan M, Badi W, Dereczynski C, Di Luca A, et al. Weather and climate extreme events in a changing climate. In: Masson Delmotte V, Zhai P, Pirani A, Connors SL, Péan C, Berger S, Caud N, Chen Y, Goldfarb L, Gomis MI, Huang M, Leitzell K, Lonnoy E, Matthews JBR, Maycock TK, Waterfield T, Yelekçi O, Yu R, Zhou B, editors. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge; New York, NY: Cambridge University Press (in press). 1–345. Available online at: https://www.ipcc.ch/report/ar6/wg1/

 2. Fischer EM, Knutti R. Anthropogenic contribution to global occurrence of heavy-precipitation and high-temperature extremes. Nat Clim Chang. (2015) 5:560–4. doi: 10.1038/nclimate2617 

 3. Stillman JH. Heat Waves, the New Normal: Summertime temperature extremes will impact animals, ecosystems, and human communities. Physiology. (2019) 34:86–100. doi: 10.1152/physiol.00040.2018

 4. Easterling DR, Meehl GA, Parmesan C, Changnon SA, Karl TR, Mearns LO. Climate extremes: observations, modeling, and impacts. Science. (2000) 289:2068–74. doi: 10.1126/science.289.5487.2068

 5. Yang X, Yue W, Xu H, Wu J, He Y. Environmental consequences of rapid urbanization in Zhejiang province, East China. Int J Environ Res Public Health. (2014) 11:7045–59. doi: 10.3390/ijerph110707045

 6. Li D, Zhou T, Zou L, Zhang W, Zhang L. Extreme high-temperature events over East Asia in 15°C and 2°C warmer futures: analysis of NCAR CESM low-warming experiments. Geophys Res Lett. (2018) 45:1541–50. doi: 10.1002/2017GL076753 

 7. Luo M, Lau N-C. Heat waves in Southern China: synoptic behavior, long-term change, and urbanization effects. J Clim. (2017) 30:703–20. doi: 10.1175/JCLI-D-16-0269.1 

 8. Wang Y, Chen L, Song Z, Huang Z, Ge E, Lin L, et al. Human-perceived temperature changes over South China: long-term trends and urbanization effects. Atmos Res. (2019) 215:116–27. doi: 10.1016/j.atmosres.2018.09.006 

 9. Yang X, Ruby Leung L, Zhao N, Zhao C, Qian Y, Hu K, et al. Contribution of urbanization to the increase of extreme heat events in an urban agglomeration in east China. Geophys Res Lett. (2017) 44:6940–50. doi: 10.1002/2017GL074084 

 10. Wang F, Wang YW. Potential role of local contributions to record-breaking high-temperature event in Xiamen, China. Weather Clim Extremes. (2021) 33:100338. doi: 10.1016/j.wace.2021.100338 

 11. Huang W, Kan H, Kovats S. The impact of the 2003 heat wave on mortality in Shanghai, China. Sci Total Environ. (2010) 408:2418–20. doi: 10.1016/j.scitotenv.2010.02.009

 12. Guirguis K, Gershunov A, Tardy A, Basu R. The impact of recent heat waves on human health in California. J Appl Meteorol Climatol. (2014) 53:3–19. doi: 10.1175/JAMC-D-13-0130.1 

 13. Nori-Sarma A, Benmarhnia T, Rajiva A, Azhar GS, Gupta P, Pednekar MS, et al. Advancing our understanding of heat wave criteria and associated health impacts to improve heat wave alerts in developing country settings. Int J Environ Res Public Health. (2019) 16:2089. doi: 10.3390/ijerph16122089

 14. Peters A, Schneider A. Cardiovascular risks of climate change. Nat Rev Cardiol. (2021) 18:1–2. doi: 10.1038/s41569-020-00473-5

 15. Whitman S, Good G, Donoghue ER, Benbow N, Shou W, Mou S. Mortality in Chicago attributed to the July 1995 heat wave. Am J Public Health. (1997) 87:1515–8. doi: 10.2105/AJPH.87.9.1515

 16. Gostimirovic M, Novakovic R, Rajkovic J, Djokic V, Terzic D, Putnik S, et al. The influence of climate change on human cardiovascular function. Arch Environ Occup Health. (2020) 75:406–14. doi: 10.1080/19338244.2020.1742079

 17. Turner BL, Matson PA, McCarthy JJ, Corell RW, Christensen L, Eckley N. e al. Illustrating the coupled human-environment system for vulnerability analysis: three case studies. Proc Natl Acad Sci U S A. (2003) 100:8080–5. doi: 10.1073/pnas.1231334100

 18. National Research Council. Understanding the Changing Planet: Strategic Directions for the Geographical Sciences. Washington, DC: The National Academies Press (2010). p. 41–48. 

 19. IPCC. Climate Change 2013: The Physical Science Basis. In: Stocker TF, Qin D, Plattner GK, Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex B, Midgley PM, editors. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge; New York, NY: Cambridge University Press (2013). p. 1–1535. 

 20. Araya-Muñoz D, Metzger MJ, Stuart N, Wilson AMW, Alvarez L. Assessing urban adaptive capacity to climate change. J Environ Manage. (2016) 183:314–24. doi: 10.1016/j.jenvman.2016.08.060

 21. Johnson DP, Stanforth A, Lulla V, Luber G. Developing an applied extreme heat vulnerability index utilizing socioeconomic and environmental data. Appl Geogr. (2012) 35:23–31. doi: 10.1016/j.apgeog.2012.04.006 

 22. Reid CE, O'Neill MS, Gronlund CJ, Brines SJ, Brown DG, Diez-Roux AV, et al. Mapping community determinants of heat vulnerability. Environ Health Perspect. (2009) 117:1730–6. doi: 10.1289/ehp.0900683

 23. Uejio CK, Wilhelmi OV, Golden JS, Mills DM, Gulino SP, Samenow JP. Intra-urban societal vulnerability to extreme heat: the role of heat exposure and the built environment, socioeconomics, and neighborhood stability. Health Place. (2011) 17:498–507. doi: 10.1016/j.healthplace.2010.12.005

 24. Wolf T, McGregor G. The development of a heat wave vulnerability index for London, United Kingdom. Weather Clim Extremes. (2013) 1:59–68. doi: 10.1016/j.wace.2013.07.004 

 25. Lim J, Skidmore M. Heat vulnerability and heat island mitigation in the United States. Atmosphere. (2020) 11:558. doi: 10.3390/atmos11060558 

 26. Ho HC, Knudby A, Chi G, Aminipouri M, Lai DY-F. Spatiotemporal analysis of regional socio-economic vulnerability change associated with heat risks in Canada. Appl Geogr. (2018) 95:61–70. doi: 10.1016/j.apgeog.2018.04.015

 27. Barnett J. O Neill S. Maladaptation Glob Environ Chang. (2010) 20:211–3. doi: 10.1016/j.gloenvcha.2009.11.004 

 28. Adger WN, Dessai S, Goulden M, Hulme M, Lorenzoni I, Nelson DR, et al. Are there social limits to adaptation to climate change? Clim Change. (2009) 93:335–54. doi: 10.1007/s10584-008-9520-z

 29. Andrijevic M, Byers E, Mastrucci A, Smits J, Fuss S. Future cooling gap in shared socioeconomic pathways. Environ Res Lett. (2021) 16:094053. doi: 10.1088/1748-9326/ac2195 

 30. Hansen A, Nitschke M, Saniotis A, Benson J, Tan Y, Smyth V, et al. Extreme heat and cultural and linguistic minorities in Australia: perceptions of stakeholders. BMC Public Health. (2014) 14:550. doi: 10.1186/1471-2458-14-550

 31. Stock R, Birkenholtz T, Garg A. Let the people speak: improving regional adaptation policy by combining adaptive capacity assessments with vulnerability perceptions of farmers in Gujarat, India. Clim Dev. (2019) 11:138–52. doi: 10.1080/17565529.2017.1410089 

 32. Smit B, Pilifosova O, Burton I, Challenger B, Huq S, Klein R, et al. Adaptation to Climate Change in the Context of Sustainable Development and Equity. Cambridge: Cambridge University Press (2001). 877-912 p. 

 33. The European Topic Centre on Climate Change Impacts VaAECaTETCoSIaAES. Urban Vulnerability Indicators, A Joint Report of ETC-CCA and ETC-SIA. (2012). Available online at: https://www.eionet.europa.eu/etcs/etc-cca/products/etc-cca-reports/tp_3-2012 (accessed October 6, 2021). 

 34. Leal Filho W, Echevarria Icaza L, Neht A, Klavins M, Morgan EA. Coping with the impacts of urban heat islands. A literature based study on understanding urban heat vulnerability and the need for resilience in cities in a global climate change context. J Clean Prod. (2018) 171:1140–9. doi: 10.1016/j.jclepro.2017.10.086 

 35. Howarth C, Kantenbacher J, Guida K, Roberts T, Rohse M. Improving resilience to hot weather in the UK: the role of communication, behaviour and social insights in policy interventions. Environ Sci Policy. (2019) 94:258–61. doi: 10.1016/j.envsci.2019.01.008 

 36. Adger WN. Social capital, collective action, and adaptation to climate change. Econ Geogr. (2003) 79:387–404. doi: 10.1111/j.1944-8287.2003.tb00220.x 

 37. Harlan SL, Brazel AJ, Prashad L, Stefanov WL, Larsen L. Neighborhood microclimates and vulnerability to heat stress. Soc Sci Med. (2006) 63:2847–63. doi: 10.1016/j.socscimed.2006.07.030

 38. Hayden MH, Wilhelmi OV, Banerjee D, Greasby T, Cavanaugh JL, Nepal V, et al. Adaptive capacity to extreme heat: results from a household survey in Houston, Texas. Weather Clim Soc. (2017) 9:787–99. doi: 10.1175/WCAS-D-16-0125.1 

 39. Watkins LE, Wright MK, Kurtz LC, Chakalian PM, Mallen ES, Harlan SL, et al. Extreme heat vulnerability in Phoenix, Arizona: a comparison of all-hazard and hazard-specific indices with household experiences. Appl Geogr. (2021) 131:102430. doi: 10.1016/j.apgeog.2021.102430 

 40. Wilhelmi OV, Hayden MH. Connecting people and place: a new framework for reducing urban vulnerability to extreme heat. Environ Res Lett. (2010) 5:014021. doi: 10.1088/1748-9326/5/1/014021 

 41. Bradford K, Abrahams L, Hegglin M, Klima K. A heat vulnerability index and adaptation solutions for Pittsburgh, Pennsylvania. Environ Sci Technol. (2015) 49:11303–11. doi: 10.1021/acs.est.5b03127

 42. Bao J, Li X, Yu C. The construction and validation of the heat vulnerability index, a review. Int J Environ Res Public Health. (2015) 12:7220–34. doi: 10.3390/ijerph120707220

 43. Cheung PK, Jim CY. Impacts of air conditioning on air quality in tiny homes in Hong Kong. Sci Total Environ. (2019) 684:434–44. doi: 10.1016/j.scitotenv.2019.05.354

 44. Weber S, Sadoff N, Zell E, de Sherbinin A. Policy-relevant indicators for mapping the vulnerability of urban populations to extreme heat events: a case study of Philadelphia. Appl Geogr. (2015) 63:231–43. doi: 10.1016/j.apgeog.2015.07.006 

 45. Cutter SL, Boruff BJ, Shirley WL. Social vulnerability to environmental hazards. Soc Sci Q. (2003) 84:242–61. doi: 10.1111/1540-6237.8402002 

 46. Yip FY, Flanders WD, Wolkin A, Engelthaler D, Humble W, Neri A, et al. The impact of excess heat events in Maricopa County, Arizona: 2000–2005. Int J Biometeorol. (2008) 52:765–72. doi: 10.1007/s00484-008-0169-0

 47. Cutter SL, Finch C. Temporal and spatial changes in social vulnerability to natural hazards. Proc Natl Acad Sci USA. (2008) 105:2301. doi: 10.1073/pnas.0710375105

 48. Lan Q, Liu C, Ling S. Research on measurement of symbiosis degree between national fitness and the sports industry from the perspective of collaborative development. Int J Environ Res Public Health. (2019) 16:2191. doi: 10.3390/ijerph16122191

 49. Nkondze M, Masuku M, Manyatsi A. Factors affecting households vulnerability to climate change in Swaziland: a case of mpolonjeni area development programme (ADP). J Agric Sci. (2013) 5:108–22. doi: 10.5539/jas.v5n10p108 

 50. Samuelson H, Baniassadi A, Lin A, Gonzalez PI, Brawley T, Narula T. Housing as a critical determinant of heat vulnerability and health. Sci Total Environ. (2020) 720:137296. doi: 10.1016/j.scitotenv.2020.137296

 51. Tagliabue LC, Re Cecconi F, Rinaldi S, Ciribini ALC. Data driven indoor air quality prediction in educational facilities based on IoT network. Energy Build. (2021) 236:110782. doi: 10.1016/j.enbuild.2021.110782 

 52. Zhang Y, Murray AT, Turner IBL. Optimizing green space locations to reduce daytime and nighttime urban heat island effects in Phoenix, Arizona. Landsc Urban Plan. (2017) 165:162–71. doi: 10.1016/j.landurbplan.2017.04.009 

 53. Kondo MC, Fluehr JM, McKeon T, Branas CC. Urban green space and its impact on human health. Int J Environ Res Public Health. (2018) 15:445. doi: 10.3390/ijerph15030445

 54. Xue W. SPSS Statistical Analysis Method and Its Application. Beijing: Electronic Industry Press (2013). p. 235–6. 

 55. Yin Ze, Yin J, Zhang X. Multi-scenario-based hazard analysis of high temperature extremes experienced in China during 1951-2010. J Geogr Sci. (2013) 23:436–46. doi: 10.1007/s11442-013-1020-z 

 56. Schwartz J. Who is sensitive to extremes of temperature?: a case-only analysis. Epidemiology. (2005) 16:67–72. doi: 10.1097/01.ede.0000147114.25957.71

 57. Dumenu WK, Obeng EA. Climate change and rural communities in Ghana: social vulnerability, impacts, adaptations and policy implications. Environ Sci Policy. (2016) 55:208–17. doi: 10.1016/j.envsci.2015.10.010 

 58. Xiamen Municipal Government Office,. Notice of the Xiamen Municipal Government Office on the Publication of the Action Plan to Promote the Development of Elderly Services (2020-2022). (2020). Available online at: http://zfgb.xm.gov.cn/gazette/6703 (accessed October 20, 2021). 

 59. Marie S ON, Antonella Z, Joel S. Modifiers of the temperature and mortality association in seven US cities. Am J Epidemiol. (2003) 157:1074–82. doi: 10.1093/aje/kwg096

 60. Fisk WJ, Mirer AG, Mendell MJ. Quantitative relationship of sick building syndrome symptoms with ventilation rates. Indoor Air. (2009) 19:159–65. doi: 10.1111/j.1600-0668.2008.00575.x

 61. Kim Y, Joh S. A vulnerability study of the low-income elderly in the context of high temperature and mortality in Seoul, Korea. Sci Total Environ. (2006) 371:82–8. doi: 10.1016/j.scitotenv.2006.08.014

 62. Boamah SA, Armah FA, Kuuire VZ, Ajibade I, Luginaah I, McBean G. Does previous experience of floods stimulate the adoption of coping strategies? Evidence from cross sectional surveys in Nigeria and Tanzania. Environments. (2015) 2:565–85. doi: 10.3390/environments2040565 

 63. Meng C. Mitigating the surface urban heat island: mechanism study and sensitivity analysis. Asia-Pac J Atmos Sci. (2017) 53:327–38. doi: 10.1007/s13143-017-0036-1 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wu, Shui, Yang, Ma, Zhu, Liu, Li, Wu, Wu and Sun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_2.gif
=In|=In(x, +m)| =+ Byx1+... +Bp,x, (2)





OPS/images/math_3.gif
—Inj=Infmi+72+... +7pa]f =
o+ B E . B, ()






OPS/images/fpubh-10-799365-t002.jpg
Factors Model | Model Il Model il

(All areas of Xiamen) (Xiamen Island) (Other areas of Xiamen)
Estimate 95% Cl Estimate 95% CI Estimate 95% CI
Lower Upper Lower Upper Lower Upper
Nurmber of air conditioning units in household = - - -0.092" -0.179 -0.006 - - -
Nurmber of rooms in household 0.095*  0.009 o.182 - - - 0.195"  0.054 0337
[Education level = 1] 4297 2.084 6511 - - - 3.607" 0836 6.379
0631 -0535 1.798 - - - -0982 -2.943 0979
[Education level = 3] 0411 -0.110 0.982 - - - 0249 -0.499 0997
[Education level = 4 0231 -0.176 0.638 - - - 0486 -0.126 1.098
[Education level = 5] [ - - - - - 0 - -
[Hours spent outdoors per day = 1] -1.051" -1.772 -0.330 -1.283° -2.416 -0.150 - - -
[Hours spent outdoors per day = 2] -0312 -0.936 0312 -0365 —1.365 0.635 - - -
{Hours spent outdoors per day = 3] -0.602 —1.258 0.054 —0.745 —1811 0.322 - - -
[Hours spent outdoors per day = 4] -0.363 —1.138 0412 0503 -0.854 1.860 - - -
{Hours spent outdoors per day = 0 - - o - - - - -
[Building area = 1] - - - - - - 1.808" 0134 3.481
{Building area = 2] - - - - - - 0663 0875 2201
[Building area = 3] - - - - - - 0488 -0973 1.949
Building area = 4] - - - - - - 0456 —1.199 2111
[Building area = 5] - - - - - - 0 - -
[Years of local residence = 1] - - - 0144  -0.821 1.109 - - -
[Years of local residence = 2] - - - -0.880° -1.712 -0.048 - - -
[Years of local residence = 3] - - - 0047 -0.783 0.877 - - -
[Years of local residence = 4] - - - -0.303 0.438 - - -
[Years of local residence = 5] - - - o - - - - -
[Monthly household income = 1] ~1.486"* -2.285 -0.687 1117 -2.296 0.063 -1.989" -3.231 -0.747
{Monthly household income = 2] -0.942 -1.621 -0.264 -1.446" -2.440 -0.453 -0936 —1.931 0.059
[Monthly household income = 3] -0.842 -1.401 -0.283 -0576 0.278 -1.330" -2.167 -0510
{Monthly household income = 4] -0.441 -0.997 0115 —0640 0211 -0549 —1.395 0297
{Monthly household income = 5] 0 - - o - - 0 - -
[Access to green spaces = 1] 0335 -0.922 1.591 -2.795" -5.065 -0525 0745 -0761 2262
[Access to green spaces = 2] -1.074" -1.853 -0.296 -1.754" 3015 -0.493 -1.274" -2.428 -0.120
[Access to green spaces = 3] -0.878" -1.596 -0.161 -1.873" -3.072 -0.674 -0.462 —1.420 0.495
[Access to green spaces = 4] -0.507 ~1.090 0076 -1.390" -2.429 -0351 -0.108 -0.830 0614
{Access to green spaces = 5] 0 - - o - - o - -
[Frequency of street sprinkling = 1] -0.970" -1.833 -0.108 - - - - - -
[Frequency of street sprinkling = 2] -0.824" 1520 -0.127 - - - - - -
[Frequency of street sprinkling = 3] -0534 ~1.199 0.132 - - - - - -
[Frequency of street sprinkling = 4] -0.449 —1.093 0.196 - - - - - -
[Frequency of street sprinkling = 5] o - - - - - - - -
Model Fitting Information: 2 = 131.870, p < 0.001 x2 =88.304, p < 0.001 %2 =83.748, p < 0.001
Goodness of Fit: Pearson x2 = 2628.604,p <001 Pearson x2 = 1475.595,p <0001 Pearson x2 = 1268.823, p < 0.01
Cox and Snell 0.192 0.282 0245
Test of Parallel Lines: -2 Log Likelihood: 1097.708, -2 Log Likelihood: 419,653, -2 Log Likelihood: 459,365,
x? =166.293, p = 0.457 x? =86.025, p = 0.999 x?=147.220,p = 0223

Link function: Logit
This parameter is redundant; thus, it is set to zero.
“Significant at the 0.05 level.

"Significant at the 0.01 level.

“Significant at the 0.007 level,






OPS/images/math_1.gif
=In|=In(x,)|

a4+ Bpxp





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Heat Adaptive Capacity: What Causes the Differences Between Residents of Xiamen Island and Other Areas?



		Introduction



		Materials and Methods



		Selection of Characteristics Associated With Residents' HAC



		Data Collection



		Statistical Method



		Model Specification







		Results



		All Areas of Xiamen



		Xiamen Island and Other Areas of Xiamen







		Discussion



		Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Heat Adaptive Capacity: What
Causes the Differences Between
Residents of Xiamen Island and

Other Areas?





OPS/images/fpubh-10-799365-g001.gif
e

AR

Fronl et
e i3m0

Yo N 5256

e o —

R
o Atdem w
——e
T e e

Pym—





OPS/images/fpubh-10-799365-t001.jpg
Scales

Individuals

Households

Local
governments and
community groups

Indicators

Personal
characteristics

Awareness and
action to prevent
heat waves

Household
characteristics

Convenience of
accessing various
facilties or spaces

Frequency of
various services
provided by
community and
municipality

Characteristics

Gender (45, 46)
Age (21, 47)

Body Mass Index (24)

Education level (21-23)

Health status (22)

Hours spent outdoors per day (48)

Obtain hot weather information
initiatively (40)

Go out for cooling centers initatively
(40)

Number of family members (49)
Monthly household income (22, 47)
Building area (50)

Nurmber of air conditioning units in
household (43, 51)

Number of fans in household
Years of local residence
Number of rooms in household

Access to cooling facilties (21, 41)

Access to medical support facilties
(45)

Access to public transportation
facilities

Access to river-waterfront spaces (21)
Access to green spaces (52, 53)
Frequency of releasing hot weather
information (40)

Frequency of street sprinkling
operations by municipal departments









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





