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Abstract: The impact of meteorological condition on surface PMio concentrations in South Korea
was quantitatively simulated from 2010 to 2014 using WRF (ver.3.8.1) and CMAQ (5.0.2) model.
The result showed that seasonal standard deviations of PMi induced by change of weather

conditions were 4.8 ug/m? 1.7 ug/m?, 1.7 ug /m? 4.2 ug / m?® for spring, summer, autumn and winter

compared to 2010, respectively, with the annual mean standard deviation of about 2.6 pg/m?. The

results of 18 regions in South Korea showed standard deviation of more than 1 ug/m? in all regions

and more than 2 ug/m? in Seoul, Northern Gyeonggi, Southern Southern Gyeonggi, Western

Gangwon and Northern Chungcheong in South Korea.
Keywords: PM10, Variability analysis, Weather condition, WRF, CMAQ
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Figure 1. Spatial coverage of the domains of East-Asia (D01) and the Korean Peninsula (D02) used for CMAQ.
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Table 1. WRF (ver.3.8.1) and CMAQ (ver.5.0.2) configurations
used in this study
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Figure 2. Scatter plots showing observed and simulated

daily mean PM1o concentrations in 2010.

Table 2. Discrete statistics for daily mean PMio for selected regions and cities in 2010

Region SE IC NG WG WG EG
R 0.75 0.72 0.76 0.76 0.75 0.64
RMSE 25.8 29.6 37.9 33.0 363 317
MB -18.8 229 -32.8 -26.9 -30.6 272
NMB -40.6% -43.5% -57.6% -49.1% -57.4% -67.6%
Region DI NC SC GJ IN IS
R 0.76 0.78 0.73 0.74 0.74 0.77
RMSE 24.7 40.0 26.0 294 35.1 24.1
MB -19.5 -34.7 -20.1 2237 -303 -20.8
NMB -48.4% -60.4% -46.5% -57.6% -60.1% -54.7%
Region BS DG Us NGS SGS A
R 0.77 0.80 0.69 0.79 0.80 0.73
RMSE 325 31.6 30.6 28.1 282 35.6
MB -30.0 -28.0 -26.6 2251 -25.6 -30.5
NMB -65.2% -61.2% -59.2% -58.0% -60.3% -71.2%

SE: Seoul, IC: Incheon, NG: Northern Gyeonggi, SG: Southern Gyeonggi, WG: Western Gangwon, EG: Eastern Gagnwon, DJ: Dagjeon,
NC: Northern Chungcheong, SC: Southern Chungcheong, GJ: Gwangju, JN: Northern Jeolla, JS: Southern Jeolla, BS: Busan, DG:
Daegu, US: Ulsan, NGS: Northern Gyeongsang, SGS: Southern Gyeongsang, JJ: Jeju
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Table 3. Measured and simulated annual mean PM1o concentrations and differences compared to 2010 (unit : pg/mg)

Year 2010 2011 2012 2013 2014
Measured PMio 483 46.9 445 48.4 47.1
Difference - -1.4 -3.8 +0.1 -1.2
Simulated PMio 225 242 21.8 25.8 253
Difference - i+1.7 -0.7 +3.0 +2.8
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Figure 3. Changes in simulated PM1o concentration from 2010 to 2014 in South Korea.

Table 4. Seasonal PMy differences from 2011 to 2014 compared to 2010 in South Korea (unit : pg/m?3)

Season 2011 2012 2013 2014
Spring 3.6 23 6.0 7.1
Summer -09 34 23 02
Autumn 1.7 -19 28 02
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2710370, 14C, 08T, 23 °C 27} BRES 3, 7IAEZ Wslo] M2 PMo 222X SN 24
2 247 0Om/s, —0.1 m/s, —0.1 m/s, —0.3 m/s& 7|27 Hsbol] w2 ©-a]ubal U x]e] PMy
R Aol UEHIA] AR, 20115 E 2014 o) wzwo) E4 S B3] 93 Figure 49] T
A7 o A et AT 20109 WEl A g5 wpzer 2704 WRF-CMAQ RElS 3 2
59mm, 49mm, 5lmm, 87mm FF4Adfo] &2 9 AFE] 2010W 0] A 20141 744] 9] B PMio & E ok

PMuo gEstet AR Fefda Hetilth 314 gzmzio) gigt 3RS LRl melofA]
T pEuete] PMo g Ul A SEFH H wag ooy PMo SRS 2SS AT AR GS
=0 B, B3t 5 FARRE e fEE = zxom o sxoqehyglon 1 9 gyt
HE FU%E PModt 1 A4-289] g3 Al Aa7t 925t 742, A St o) ATkR] 7}

T o
HonR, 25 olgd WA LAV 4 TH et ], £4F 23, FY S| A AofA] A
71 iR o] skt =] ulAHA] EEo vjA]= o7 =0 PMy 422 Yoy ol $rH,

& Aol oo & ALR AtETh t7]E Feurds AgddA B o
md BARAT | g AEE PMo $=9] EEHA o4 A H o2 A PMo o] Wokd A
© 20109 thE] =, 45, 7k, Aol el 44 olgt Ao = wekEc) 23 PMog] 37HE
4.8 ug/m?, 1.7 ug/m? 1.7 ug/m?®, 4.2 ug/m*= 1} 3

ro,
do
Y
=
i

i)
o

=)

lo
N

=2

He
I
™ oHo N2

i
K
o
_>IL
2
>~
ol
H
oL
I
u
J
=
off
H1
N
lo m T

ElL; PMo s AtiA oz 5430 A H| 7143 o7 Z745te AL Uehglon Algdog
of 23k ke A W AL syt eyt ARA oA FRA Y thH] %2 PMo &
=5 Uefle 43S Bolet), ole 55 0%



516 SBIYEI M7 HI5E

36°N -

PM10 conc (ug/m3)

34°N -

125°E
126°E
127°E
128°E
129°E
130°E
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Figure 5. Box-plot of PM1o concentration (above) and change rate of PM+ compared to 2010 (below) for 18 regions in
South Korea from 2010 to 2014 (SE: Seoul, IC: Incheon, NG: Northern Gyeonggi, SG: Southern Gyeonggi, WG:
Western Gangwon, EG: Eastern Gagnwon, DJ: Daejeon, NC: Northern Chungcheong, SC: Southern
Chungcheong, GJ: Gwangju, JN: Northern Jeolla, JS: Southern Jeolla, BS: Busan, US: Ulsan, DG: Daegu,
NGS: Northern Gyeongsang, SGS: Southern Gyeongsang, JJ: Jeju).

Table 5. Annual mean PM1o concentrations and standard deviation for 18 regions from 2010 to 2014

Regions

Year
SE IC NG SG WG EG DJ NC SC
2010 27.5 29.5 242 27.8 22.8 13.1 21.0 23.0 232
2011 30.0 31.7 26.3 30.2 25.0 133 233 25.0 253
2012 26.3 279 23.0 26.9 223 12.4 21.0 225 23.0
2013 32.0 315 27.9 314 26.9 142 24.8 26.6 25.7
2014 312 312 275 31.0 27.1 152 24.1 26.7 258
Average 29.4 304 25.8 29.5 24.8 13.6 22.8 24.8 24.6
STDEV 24 1.6 21 2.0 22 1.1 1.8 2.0 14
YEAR GJ IN IS BS DG Us NGS SGS A
2010 17.7 20.3 17.3 16.2 18.1 18.5 18.5 17.1 12.6
2011 19.5 22.8 18.5 17.0 19.5 19.7 19.2 18.0 12.8
2012 17.3 204 16.7 15.6 17.4 17.5 17.4 16.5 12.1
2013 20.6 235 19.0 179 20.7 20.1 20.5 19.2 137
2014 20.7 234 19.7 184 20.7 20.6 20.7 19.5 14.5
AVE 19.2 22.1 18.2 17.0 19.3 19.3 19.3 18.1 13.1
STDEV 1.6 1.6 1.2 12 1.5 1.3 1.4 13 1.0
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