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The Impact of Particulate Matter (PM10) on Outdoor Leisure Activities in
Korea
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Abstract

Paying an attention to the fact that Particulate Matter (PM10) can have not only direct
and specific health effects but also indirect and more general health effects by reducing
outdoor activities, this study empirically investigates the impact of PM10 on outdoor leisure
activities in Korea based on two data of different units: daily average data by metropolitan
city and province and annual average data by city and county. Despite the difference in unit
of analysis, however, the two data produce consistent estimation results that PM10 has
statistically significant negative impacts on outdoor leisure activity hour. Specifically, the
estimation results of hierarchical linear model demonstrate that, depending upon the data,
outdoor leisure activity hour is reduced by 0.4-14% if PM10 exceeds the threshold level of 50
ug/m® and by 0.3-3% per 10ug/m’ increase in PM10. Additionally significant reduction is
observed for the elderly aged 65 and over, and the total reduction amounts to 11.4-36% in
the case of PM10 of 50ug/m® and over and 1.3-9% per 10ug/m’ increase. These results
suggest that government's efforts to reduce PM10 have wide implication as the basic and
general policy for health promotion by encouraging outdoor activities particularly in the aging
and aged society like Korea.
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Table 1. Descriptive Statistics of Key Variables H1.
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Table 2. Estimation Results of Hierarchical Linear Model E2. QAMHEZS FHZAN}

Model A (N=47,774) A" (N=11,073) Model B. (N=2,313)
variables Al A2 A1l A2 B1 B2
Coef. | SE | Coef. | SE | Coef. Coef. | Coef. | SE. | Coef. |SE
gender ‘g9 (female=1) | -0.22***| 0.02 | -022***| 0.02 | -0.16***| -0.16***| -0.55*** 0.13 | -0.55***| 0.13
age A& (year) 0.03***0.001| 0.03***|0.001] 0.02***| 0.02***| 0.02***| 0.004 | 0.02***|0.004
age’ A1 -3e-4***| 3e-5 | -3e-4***| 3e-5 | -2e-4**| -2e-4***| 1e-4 2e-4 | le-4 |2e-4
lev. 1 spouse HiA} (yes=1) 003 [002] 003 |002] -002 |-002 029** | 012 | 0.29**]0.12
15F] preschool child (yes=1) | -0.11*| 003 | -0.11%+| 003 | -0.10 | -0.11* - - - -
indivil__child SHAHSA (yes=1) - - - - - - 013 | 012 | -014 [0.12
dual | female x preschool child | -0.01 0.03 | -0.01 0031 001 0.01 - - - -
level female x child - - - - - - -004 | 016 | -004 |0.16
749!l lincome &5FF (Imwon)] -0.04***| 0.01 | -0.04**| 001 | -002 | -0.02 0.13** 0.02 | 0.13*** 0.02
EAM| education (college=1) 0.15***] 0.02 | 0.15**| 0.02 | 0.14**| 0.14**| -0.18* | 0.10 | -0.18* | 0.10
economic activity (yes=1) | -0.76***| 0.02 | -0.76***| 0.02 | -0.60***| -0.60***] -0.02 | 0.10 | -0.02 |0.10
6580ver x PM10>50pg/m3] -0.11** | 0.06 - - -0.23** - -0.22* | 0.24 - -
658&0ver x PM10(10pg/m?) - - -0.01* | 0.01 - -0.02* - - -0.06* | 0.07
PM10>50ug/m’ (yes=1) [-0.004* | 0.03 - - | o008 | - -0.14* | oM - -
PM10 (10ug/m°) - - |-0.003* | 0.01 - -0.01* - - -0.03* | 0.05
SOz (ppm) 269 627 | 195 |637] 699 6.80 347 | 228 | 325 |228
CO (ppm) 006 |[008] 003 |009] -004 |-005 |-007 | 029 |-007 |031
NO, (ppm) -016 | 175] -028 | 174 -276 | -128 | -184 | 501 | -198 |536
O3 (ppm) 325 | 130 287 |133] -190 0.40 11.5 162 | 148 |155
precipitation <0.1mm (days, - - - - - - 0.01** | 0.01 | 0.01**|0.01
lev. 2 temperature>25°C (days) - - - - - - -0.01 0.004 | -0.01 ]0.003
24z temperature <0°C (days) - - - - - - 0.002 0.002 | 0.003 ]0.002
weekend FH (yes=1) 0.19***| 0.05 | 0.19***| 0.05 - - - - - -
area |syrvey season| March=1 | -0.03 |0.10 | -003 | 0.11 - - - - - -
level| ZARK|7|(Z) =1 | -005 |07 | 007 [017| 039 | 053 - - - -
XElA: (December=0)|September=1}] 005 | 010 | -0.10 | 013 ] 0.36* | 045** - - - -
| survey year | 2004=1 0.03 013 ] 001 0.03 - -0.01 - - - -
(2014=0) 2009=1 0.17*+| 0.03 | 0.17***| 0.03 - - - - - -
daily avg. temperature (*C)] 0.02** | 0.01 0.02** | 0.01 | -0.01 - - - - -
daily avg. temp? le-4 |3e-4| 1e-4 | 3e-4]-0001 -4e-4 - - - -
forest&park 20F3& (%) ] 0.002** |0.001| 0.003*** 0.001] 0001 |0.002 |-0.004 |0.002 |-0.004 |0.002
sport site MS&X| (%) | -004 |003| -004 |003] -002 | -0.01 0.19** | 0.08 | 0.20** | 0.08
metro city=1 (province=0)] -0.04 | 0.03 | -0.04 0.03 § 0.001 0.01 - - - -
city/Al-=1 (county/==0) - - - - - - 024 | 021 | 028 |020
constant 1.22%*%| 0.12 1.24%*| 012 0.75***| 0.70***| 1.83*** 0.27 1.77*** 0.28
constant (null model) 0.75***| 0.01 | 0.75***| 0.01 | 0.61***| 0.61***| 2.07***| 0.04 | 2.07***| 0.04
24 aa null, model full model HfZ variance | ful model |reduc
Variance Component _"Eﬂl[' level-1 125 | level2 222 [reduCtionl yodel fevel1 | tevel-2 | fon
S = = | ratio ratio
level-1 variance 1% 24 2.63 2.32 2.32 11.8% 334 | 313 | 312 |66%
level-2 variance 2% 24t 0.03 0.03 0.01 66.7% 002 | 003 | 001 [50.0%
total variance & &4t 2.66 2.35 2.33 12.4% 336 | 316 | 313 [68%
ICC 1.13% 1.27% 043% - 0.60% |0.95% | 032% | -
’ 176152.0° 17 .67 9264.3% 9261.8°
Deviance 1820768 | 17258% | 1760355, 93725 o aaeres | -

#*p<0.01 **p<0.05 *p<0.1 a: A1, B1 models b: A2, B2 models (The rest is identical, LIHX[&= A1-A2, B1-B2 &)
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