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                    Abstract
This study analyzes the relationship between air pollutants (represented as the air quality index or AQI) and healthcare expenditure. It uses balanced monthly panel data that provides information about the healthcare expenditure, concentration of air pollutants, and regional characteristics. It considers all the variables for 16 cities and provinces in Korea for the period January 2010 to September 2017. It uses the panel data methodology to estimate the effects of air pollutants on healthcare expenditure conditional on controlling for different determinants of healthcare expenditure. The important determinants of variations in healthcare expenditure that this study identifies include the following: five air pollutants’ quality indices, personal income, population share of the elderly and the young, per capita registered and operated cars, the number of industries, and atmospheric factors. Results indicate that air pollutants, NO2, O3, and PM10 exert a positive effect on healthcare expenditure. The study also sheds light on the socially optimal allocation of future healthcare resources in South Korea and shows that South Korea could reduce its healthcare expenditure by following the World Health Organization’s air quality standards. The findings have three implications: developing health-conscious air quality standards; design and implementation of location-specific customized policies; health benefits of improved air quality standards. This research also provides useful evidence for policymakers to address current environmental problems.
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                    Notes
	The 16 cities and provinces are Seoul, Daejeon, Incheon, Busan, Ulsan, Gwangju, Daegu, Jeju, Gangwon, Gyeongnam, Gyeongbuk, Jeonnam, Jeonbuk, Chungnam, Chungbuk, and Gyeonggi.


	The countries included Austria, Denmark, Iceland, Ireland, Norway, Spain, Switzerland, and the UK.


	WHO’s air quality guidelines and the European Union’s reference values for PM2.5 (Directive 2008/50/EC) are used as counter-factual policy scenarios for a reduction in air pollution.


	PM2.5 refers to atmospheric particulate matter (PM) that has a diameter of less than 2.5 μm.


	Clean Air Conservation Act has been revised. The revised Air Pollutant Emission Facilities Classification and Air Pollutant Emission Standards are being enforced from January 1, 2015.


	Annual average air quality standards of NO2 and PM10 are 0.06 ppm (equivalent to 50 AQI) and 100 (equivalent to 142 AQI) respectively.


	Medical care cost follows the definition provided by the National Tax Service.


	AQI of air pollutants indicates aggregate status of air pollution.


	NOX is nitrogen oxide. VOCs is volatile organic compounds. UV is ultraviolet rays.


	Personal income follows the definition in Statistics Korea.


	According to annual WHO (2015) air quality standards, AQI of SO2, O3, NO2, and PM10 should be 17.5, 64, 25, and 33, respectively. CO does not have any WHO standard level. SO2 and O3 have 24-h and 8-h standards available respectively. Available standards for SO2 and O3 are instead used as the annual standards.


	According to annual Korean air quality standards, AQI of SO2, CO, O3, NO2, and PM10 is 50, 100, 50, 75, and 70 respectively. Eight-hour standards for CO and O3 are used as annual standards because they do not have annual standards.


	According to Statistics Korea the country had a population of 51.25 million in 2016.


	Nominal GDP in 2016 was about 1642 trillion won.


	EPA ( 2013), pp.ES-10-ES-17.


	Secondary air pollutants are formed when the primary pollutants are emitted directly from a combustion process in the atmosphere. Primary pollutants include ammonia, sulfur dioxide, nitrogen dioxide, and carbon monoxide. Secondary pollutants include ground-level ozone, acid rain, and nutrient environment compounds.


	Kim, Y.P. (2018). Non-scientific government policy stirs up a sense of anxiety and frustration among Koreans (in Korean). Available at: https://news.joins.com/article/22600410 Jungangilbo, 07.05.2018. Retrieved on November 2, 2018.


	Bhushan, C. (2018). Lessons from Beijing to Delhi. Available at: https://www.downtoearth.org.in/blog/world/lessons-from-beijing-to-delhi-62,062, (Retrieved on November 8, 2018).
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Appendix
Appendix
AQI calculation procedure
AQI is air quality index. It is an expression of air pollution that is developed by considering the human effect and air pollution. Its purpose is providing an understanding of air pollution measurement and guidelines for action to prevent damage from air pollution. The index from 0 to 500 is divided into four stages, indicating that the bigger the score, the worse the conditions are. Equation (2) used for AQI’s calculations is:
$$ {\mathrm{I}}_{\mathrm{P}}=\frac{{\mathrm{I}}_{\mathrm{HI}}-{\mathrm{I}}_{\mathrm{LO}}}{{\mathrm{BP}}_{\mathrm{HI}}-{\mathrm{BP}}_{\mathrm{LO}}}\times \left({\mathrm{C}}_{\mathrm{P}}-{\mathrm{BP}}_{\mathrm{LO}}\right)+{\mathrm{I}}_{\mathrm{LO}} $$

                    (2)
                

where Ip is air quality score of target pollutants, CP is the concentration of target pollutants in the atmosphere, BPHI is the highest contamination in the corresponding section of pollution degree for target pollutants, BPLO is the lowest contamination in the corresponding section of pollution degree for target pollutants, IHI is index value corresponding to BPHI (highest index value in interval), and ILO is index value corresponding to BPLO (lowest index value in interval). The values required for the index calculation are shown in the table below.
For example, the concentration of PM10 measured 188 μg/m3 on January 1, 2014, at the Shinchonro Mapo-gu, Seoul monitoring station. The 188 μg/m3 belongs to BAD index classification according to Table 12 in the Appendix. Therefore, four indices ILO, IHI, BPLO, and BPHI in Eq. (2) are numbered as 101, 250, 81, and 150. If all values are substituted for Eq. (2), 271.159 AQI is derived.
Korean air quality standard

                    Table 13 Korean Air Quality Standard: 1 h, 24 h and annualFull size table


                  Other countries air quality standard

                    Table 14 Air quality standards: WHO, Japan, and USAFull size table


                  Developments of air quality and healthcare expenditure 2010.01–2017.09 at Seoul, Incheon, Busan, and Daejeon
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