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ABSTRACT

Particulate matter air pollution is a serious problem affecting human health and visibility. The variations in PMio
concentrations are influenced by not only local emission sources, but also atmospheric circulation conditions. In this
study, we investigate the temporal features of PMiy concentrations in South Korea and the atmospheric circulation
patterns associated with high concentration episodes of PMiy during winter (December-January-February) 2001-2016.
Based on those analyses, a Korea Particulate matter Index (KPI) is developed to represent the large-scale
atmospheric pattern associated with high concentration episodes of PMi. The atmospheric patterns are
characterized by persistent high-pressure anomalies, weakened lower-level north-westerly anomalies, and
northward shift of the upper-level meridional wind anomalies near the Korean Peninsula. To evaluate the change
in occurrence of high concentration episodes of PMiy under a possible future warmer climate, we apply KPI
analysis to CMIP5 climate simulations. Here, historical and two representative concentration pathway (RCP)
scenarios (RCP 4.5 and RCP 8.5) are used. It is found that the occurrence of atmospheric conditions favorable for
high PMip concentration episodes tends to increase over South Korea in response to climate change. This suggests
that large-scale atmospheric circulation changes under future warmer climate can contribute to increasing high PMjio
concentration episodes in South Korea.
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Fig. 1. Distribution of stations for measuring urban air quality over a) South Korea and b) Seoul used in this study.
c) Scatter plot of daily mean concentrations of PM4o averaged in Seoul versus those averaged in South
Korea for PM10 high concentration episodes from 2001 to 2016.
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Table 1. CMIP5 models used in this study
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No Model Institution Resolution (Lon.xLat.)
1 CanESM2 CCCma 2.8125° x 2.8125
2 CNRM-CM5 CNRM-CERFACS 1.40625° x 1.40625°
3 GFDL-ESM2M NOAA GFDL 2.5 x 2°

4 HadGEM2-CC MOHC 1.875° x 1.24°

5 MIROC-ESM JAMSTEC, AORI, NIES 2.8125° x 2.8125°
6 MIROC-ESM-CHEM JAMSTEC, AORI, NIES 2.8125° x 2.8125°
7 MPI-ESM-LR MPI-M 1.875° x 1.875°
8 MPI-ESM-MR MPI-M 1.875° x 1.875°
9 MRI-CGCM3 MRI 1.125° x 2.25°
10 NorESM1-M NCC 2.5° x 1.875°

http://www.ekscc.re.kr



426 ol

gsloirt.
3. OJM|HX| & =

WA A o] mAEA] T Al olel digt di7]<sst
e 2] o] Aol A% x|2le] mAIMA] s Al
2 2 oy 48 e AWE 4 9len] Johw
o] ulAEA] S Al ele) el ulAE
7] Sse} ghibe dejo] el ulMmA] o] Hols 4
PASS Aok} Fig leo] Rl AT} 2] 200145
B 201649714 A& Aol WAt oA s Al
olo] ol ulHHA| o} st Heje] £a] r)a =

Noe
10 il
ol, o
x

S HA 1719 FEFo=E st FYst S 714
Zste] ol Hol x| =% 9 gHike] FFo] Ao
Zrol L-gue} thREL] A H2 vt wE BEE Ho|
Z4gFo] QJct (Kim et al., 2005).

02 A& Y9 n|AHZ] WA A Lot 7] 9
S| A, Hat PMy s} 5= Akglol] tisfiA ZAFsFRILE
A 471711 2001 dFE 2016QG7HA] A2 e] n|Hd
A Bt BT 5220 pg/m’ oW, BEHA= 28.55 pg/m’
ojd, X 59 (2012~20169) v|AHA] Bt FE= 43.36
pg/m? oW, EEHA= 32.79 pg/m® o]ck. ulAHA] <1
T ST 20015 E FLES| fHadhs FeRE Holw, 2012

1

a)

Number of Days over 100 (ug/m*3)
Yearly Mean PM10 Concentration

L

T T T
2001 2004 2007

i

T
2013

10

2010

2016

Fig. 2.

Occurrence Probability (%)

ol - ZMEf - 0|2y
H o|Fo| 7A FA7F 225 Aoz Bt (Fig 2a).

20004t So] A= di7|ga7i4e $1al 20039 e
718 S-S Ageka e o718 B )
A 5S sk oldetHAl ti71ed siEs Wl of
Yet nEA] 5% £3F 7ZhAskgn) (Kim et al., 2017). <
T8 PMyp 57} 100 pg/m? oAl s AR de] RlE
S AR, 2003957 2016W712|9] s AU 427F
A= Fast o, o uNWA] A% sk h A
¥} A5tk 2001 5E] 2016W74A] A& A PMyp 5E7F
100 pg/m® o1AFQl F-& ZF 36620]9irk. 2002d0] 55U=
7V wo] ¥yl on, 20150 2 (104, 1292 7}
AL gt Ak

AA A7t 717F Bk ulHHA] el 2] ujywz|
S HElE dotry] $13) 7 s h A A] @Ayt
£& Fig 29} Zo] wlmwsliet. e Wo] gk A 717t
I} A 59 Zp=2of| Higt PMy = 7P BEEe] A=
ojujgitt. T 5EESE nAHAE BT HE 50 pg/m’
olate] 1tol| A S71E sHAaL, Wil 50 pg/m® Wit &
2 5 AEYS FHE B0l AE st ol A A

PMyp 557} 70 pg/m?, 100 pg/m?olAkel EEofA

Fig 3 Am PMy T Ak2le] 24571713 21471
2] T )R F 5 WekE Lehd Aolek. ujA
7] Wit A420) A4717He ®T 22 20019, 2007 0] 7
U= 7 71 Ak SISkl o m, A 20113 201410

69| 2|&717to] Yehth 4 ol ALE U et AF
gluke A E 200133} 200398 AQlskar =gk A

EEm 2001-2016 [~ Recent Syears (2012-2016)

:52.28
Std.dev :28.67
"4

24 —
Mean Mean :143.36

Std.dev :32.79

PM10 Concentration
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90E 120E 150E

50 -40 30 20 -10 0 10 20 30 40 50 50 -40 30 20 -10 0 10 20 30 40 50

90E 120E 150E

-50 -40 -30 -20 -10 0 10 20 30 40 50 -50  -40 -30 30 40 50

Fig. 6. Composite maps of a) 500 hPa geopotential height anomaly (shading, 5gpm interval) and c) 850 hPa
geopotential height anomaly (shading, 5gpm interval) for (upper panels) PM10 high concentration episodes
and (lower panels) yellow dust episodes. The dots indicate statistical significance exceeding the 95%

confidence level based on a Student’s t-test.
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Fig. 8. Regression maps of a) geopotential height anomaly at 500 hPa (shade, gpm), b) zonal wind anomaly at
850hPa (shading, m/s) and c) meridional wind anomaly at 500 hPa (shade, m/s) onto the Korea Particulate
matter Index (KPI) from 1981 to 2016. The dots indicate statistical significance exceeding the 95%
confidence level based on a Student’s t-test. The boxes indicate areas considered for estimating the KPI

in this study.
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Fig. 10. Comparison of frequency distribution of Korea

Particulate matter Index from the reanalysis
(blue) and the historical simulations of the
CMIP5 (red) from 1950 to 1999. For the
comparison, the magnitudes of the mean and
standard deviation from the reanalysis and
CMIP5 are also shown.
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