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1. Introduction

PM-driven deterioration of air quality has become a transboundary environmental problem in the countries of the East Asia Pacific region.
During the process of intensive urbanization and industrialization, the sources of PM emission have increased drastically (Karagulian et al., 2015).
Korea also has been suffering from the harmful effects of PM. OECD reported that the air quality of Korea was the 5th worst among OECD
member countries in 2018 (OECD, 2018), and for more than four months in that same year, the level of PM 2.5 was higher than the World
Health Organization (WHO)'s standards. Moreover, the OECD reported that the projected percentage change from 2010 to 2060 in Korea's annual
Gross Domestic Product (GDP) will drop about 0.63%—fourth among OECD members—due to the reduced productivity, additional cost in the
health care, and lower farm output caused by air pollution, if Korea does not cope with air pollution properly (Na, 2019).

With the worsening of air quality, from 2013 various media began to report and forecast the level of major air pollutants, including PM, to
better inform the people (Ministry of Environment, 2016). Consequently, checking the level of PM has become a new routine for Koreans who are
to going outside (Jeon, 2019). Anecdotal evidence points to behavioral changes of people due to bad air quality; more people try to avoid outdoor
activities, if possible, and follow precautions such as wearing masks and using air—purifiers (Lee, 2019).

A large vein of PM studies has focused on the health effects of PM. However, the effects of PM on human behaviors have not been sufficiently
studied. Those involving outdoor activities, in particular, have not been studied on a large spatial scale but only illuminated by case studies of
individual recreational places (Chen et al., 2017). One of the main reasons may be the lack of relevant data (Ailshire et al., 2017). Pedestrian
volume data is often manually acquired by surveyors fieldwork. A yearly estimate is calculated on the basis of data recorded over a few days. Due
to labor-intensive survey methods and uncertain data quality, accurate pedestrian volume data covering large areas with finer time resolutions have
been rare,

To fill the gap in the literature, this study investigates the effects of PM 2.5 on recreational activities in an urban context, with a specific focus
on the site selection. The following research questions will be answered: (1) Does the increase in PM 2.5 affect the number of visitors to the three
categories of recreational places (open spaces, commercial spaces, and indoor sports facilities) at different times of day and week? (2) If so, does

the change in the number of visitors differ by the sub—category of those recreational places?
2. Analytical Design
2.1 Study Site and Periods

The study site was Seoul, South Korea, and the study period was March 1 to June 30, 2017. We used pedestrian volume data provided by SKT
Geovision, which estimated pedestrian volume using the cell phone signals from SK Telecom’s base stations. Compared to traditional pedestrian
volume data collected by surveyors or cameras onsite, these data are less prone to measurement errors and cover a much larger area for a longer
period of time (Yoo et al., 2014). Our study site consists of 1,073 public spaces with recreational purposes in Seoul. We divided the sites into the
three categories: open spaces, commercial spaces, and indoor sports facilities. All of the open spaces are open air, and they consist of 7 palaces, 11
hills, 722 small parks (< 10,000 m?), 123 large parks ¢ 10,000 m?), and 21 waterfront parks, totaling 884. Commercial spaces are either indoor
or outdoor, including 9 specialty stores, 34 traditional markets, 13 business buildings, 15 multi-complex shopping malls, 16 department stores, and
86 large supermarkets, totaling 173, We also included 10 indoor sports facilities among the study sites (Table 1, Fig. 1).

The study period was from March 1 to June 30, 2017. As shown in Table 2, we divided all data into three different time groups: time group
1, daytime on weekdays (10 AM to 5 PM); time group 2, nighttime on weekdays (7 PM to 10 PM); time group 3, weekends (10 AM to 10
PM). We chose time groups to include times when most leisure activities are done but that did not overlap with commuting hours. The days when
large—scale street protests were held (2 days in time groups 1 and 2; 5 days in time group 3) and the days with no records of air pollutant levels
(10 days in time groups 1 and 2) were excluded from the study period.

2023 ZA[tatls] =22 |31



Table 1. Study sites

Category Sub-category Location Numbers Percent
Open spaces 884 82.95
Palaces Outdoor 7 0.65
Hills Outdoor n 1.03
Small parks  (<10,000 m2) Outdoor 722 67.29
Large parks ()10,000 m2) Outdoor 123 12.02
Waterfront parks Outdoor 21 1.96
Commercial spaces 173 16.12
Traditional markets Outdoor 34 317
Specialty stores Indoor 9 0.84
Business buildings Indoor 13 1.21
Multi-complex shopping malls Indoor 15 1.40
Department stores Indoor 16 1.49
Large supermarkets Indoor 86 8.01
Indoor sports facilities 10 0.93
Indoor sports facilities Indoor 10 0.93
Total 1,073 1,073 100 100
Table 2. Time groups
Time group Days Time
Time group 1 Weekday 10 AM to 5 PM
Time group 2 Weekday 7 PM to 10 PM
Time group 3 Weekend 10 AM to 10 PM

Figure 1. Study site: Seoul, South Korea
Legend:
-  Study Site — Indoor Sports Facilities
e  Study Site — Commercial Sites
[ study Site — Open Spaces

[ ] ward boundary
Han River and Streams

Mountains

2.2 Methodology: Panel Tfig&A

In order to estimate the effects of PM on the number of visitors to the sites, we employed a random effects panel. Our model is described as
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follows:

M=a+ BP+yS +8PxS)+0Z+xWH+ AL +u+e  (Function 1)

where Mit denotes pedestrian volume measured as the number of visitors in location i and time t; Pit denotes the level of PM 2.5 in location i

and time t. Si denotes the type of study site as dummy variable; Pit X Si denotes the interaction terms of the mean level of PM 2.5 and the type

of study site. Zit denotes the level of other pollutants for controlling purposes in location i and time t; Wit denotes the weather conditions and

unemployment rates for location i and time t; Li consists of location—specific characteristics that affect pedestrian volume, such as distance to

subway stations, the number of bus stops, and land use types (Function 1).
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