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Analysis of PM.s Concentration and Contribution Characteristics
in South Korea according to Seasonal Weather Patterns in East Asia:
Focusing on the Intensive Measurement Periods in 2015

Ki-Pyo Nam - Dae-Gyun Lee - Lim-Seok Jang
Air Quality Forecasting Center, Climate and Air Quality Research Department, NIER
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Abstract: In this study, the characteristics of seasonal PM:s behavior in South Korea and other

Northeast Asian regions were analyzed by using the PM:s ground measurement data, weather data,
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WRF and CMAQ models. Analysis of seasonal PMas behavior in Northeast Asia showed that PMas
concentration at 6 IMS sites in South Korea was increased by long-distance transport and atmospheric

congestion, or decreased by clean air inflow due to seasonal weather characteristics. As a result of

analysis by applying BEM to air quality model, the contribution from foreign countries dominantly

influenced the PMa5 concentrations of Baengnyeongdo due to the low self-emission and geographical

location. In the case of urban areas with high self-emissions such as Seoul and Ulsan, the PMas

contribution from overseas was relatively low compared to other regions, but the standard deviation

of the season was relatively high. This study is expected to improve the understanding of the air

pollutant phenomenon by analyzing the characteristics of PMas behavior in Northeast Asia according

to the seasonal weather condition change. At the same time, this study can be used to establish the air

quality policy in the future, knowing that the contribution of PMas concentration to the domestic and

overseas can be different depending on the regional emission characteristics.

Keywords : PM.s, East Asia, Behavior characteristics, WRF, CMAQ
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Table 1. Seasonal analysis period in this study

Case Season Period

Casel Winter Jan. 21 ~ Feb. 3 in 2015
Case2 Spring May 7 ~May 21 in 2015
Case3 Summer Jul. 22 ~Aug. 5in 2015
Case4 Autumn Oct. 21 ~Nov. 41in 2015
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Figure 1. Domain settings for air quality modeling and IMS locations in South Korea.
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Table 2. WRF and CMAQ configurations

(a) WRF (b) CMAQ
Micro physics WSM3 Chemical mechanism SAPRC99
Long wave radiation RRTM Aerosol module AEROS
Short wave radiation Goddard Advection scheme YAMO
Land-Surface Model Noah LSM Horizontal diffusion Multiscale
PBL scheme YSU Vertical diffusion ACM2
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Table 3. Results of statistical verification of simulated daily mean PMzs for 6 IMSs.
Baengnyeongdo Seoul Daejeon | Gwangju Ulsan Jeju Avg.
Obs. PMas (ug/m?) 272 344 472 275 26.8 132 29.4
Sim. PM»s (ug/m?) 27.3 34.0 25.6 20.9 212 10.3 232
Casel r 0.86 0.50 -0.05 0.58 0.83 0.70 0.57
RMSE 9.1 12.6 25.7 9.8 84 5.1 11.8
MB 0.1 -0.5 -21.7 -0.6 -5.6 3.0 -6.2
10A 0.93 0.66 0.36 0.67 0.85 0.76 0.71
Obs. PMas (ug/m’) 244 314 393 27.0 27.1 10.9 26.7
Sim. PMas (ug/m?) 12.0 29.7 258 214 26.2 12.1 212
r 0.35 0.41 0.65 0.59 0.72 0.91 0.61
Case2
RMSE 14.8 12.7 16.4 104 74 2.8 10.7
MB -12.4 -1.7 -13.5 5.7 -0.9 1.3 -5.5
10A 0.51 0.63 0.62 0.66 0.83 0.94 0.70
Obs. PM2s (ug/m?) 194 23.6 22.1 18.8 225 5.1 18.6
Sim. PM»s (ug/m?) 5.8 244 124 11.5 13.8 3.1 11.8
r 0.40 0.80 0.96 0.76 0.74 0.86 0.75
Case3
RMSE 18.8 9.5 9.7 9.4 11.8 32 104
MB -13.6 0.8 -8.7 -73 -8.7 2.0 -6.6
I0A 0.50 0.86 0.83 0.74 0.73 0.83 0.75
Obs. PMas (ug/m?) 234 329 487 39.7 24.5 275 32.8
Sim. PMa s (ug/m?) 21.0 40.9 354 35.0 27.0 222 30.2
T 0.86 0.87 0.86 0.87 0.72 0.92 0.85
Case4
RMSE 9.4 172 20.0 14.5 12.6 74 13.5
MB 25 79 -133 4.7 25 5.3 -2.6
10A 0.91 0.90 0.87 0.92 0.82 0.91 0.89
Ao A 0,869) rgtat 0.939) 0AS Holvl B 27| BHASH: 3415 UehlicHFigure 2), ol i3t
AE w8 BAASES UER I SAO] S xks 2 Al Bi71E HAb] ARE =9 wilE
AR 29 PMs FES RARH NI, Ao o] 20109E 71202 ) mel, ¢7]d =
Z 350 AAIg it Aol tiafA= A4 go] ag7|7t Ft AR A S] PMes B 5
o e v EwS Gehion], 53192590 9 RES % mARHA 23 934 PMosd] 9FL

19 2999] PMys 552 S7H1H
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Figure 2. Time series of simulated (line) and measured (dot) daily mean PMzs concentrations for Case 1 period (a: Seoul,

b: Daejeon).
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Figure 3. Time series of daily mean PMzs concentrations at 6 IMS sites during Case1.

(a) Jan. 23 2015 (09 00 KST)

(b) Jan. 24, 2015 (09 00 KST)

(c) Jan. 26, 2015 (09 00 KST)

Figure 4. Spatial distributions of hourly PMzs representing the Case1 period.
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Figure 5. Time series of daily mean PMzs concentrations at 6 IMS sites during Case?2.
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Figure 6. Spatial distributions of hourly PM.5 representing the Case?2 period.
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Figure 7. Time series of daily mean PMzs concentrations at 6 IMS sites during Case3.
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Figure 8. Spatial distributions of hourly PM2s representing the Case3 period.
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Figure 9. Time series of daily mean PMzs concentrations at 6 IMS sites during Case4.

(a) Oct. 21, 2015 (09:00 KST)

(b) Oct. 24, 2015 (09:00 KST)

(o) Oct 27, 2015 (09:00 KST)

Figure 10. Spatial distributions of hourly PMzs representing the Case4 period.
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Table 4. Simulated mean PMzs concentration with standard deviation (ug/m?) and domestic and foreign contribution (%)

by case
Region Casel Case2 Case3 Case4

PM.; conc. 273(183) 12.0(5.7) 5.8(43) 21.0(18.2)
Baengnyeongdo Domestic 1.7 1.0 9.7 29
Foreign 98.3 99.0 90.3 97.1

PM ;s conc. 34.0 (14.9) 29.7 (9.6) 244 (16.0) 40.9 (31.7)
Seoul Domestic 42.8 473 759 413
Foreign 57.2 52.7 24.1 58.7

PM2;5 conc. 25.6 (9.8) 258 (11.1) 12.4 (11.7) 354(264)
Dacejeon Domestic 359 40.8 544 382
Foreign 64.1 59.2 45.6 61.8

PM. ;s conc. 209 (7.8) 214 (11.1) 11.5(9.0) 35.0(26.3)
Gwangju Domestic 32.8 439 65.3 38.1
Foreign 672 56.1 34.7 619

PM.; conc. 212(11.4) 26.2(10.7) 13.8(9.6) 27.0(18.3)
Ulsan Domestic 343 57.1 67.9 373
Foreign 65.7 429 32.1 62.7

PM.; conc. 10.3(5.3) 12.1 (6.0) 3.1(3.0) 22.2(13.3)
Jeju Domestic 36.6 27.1 47.7 30.5
Foreign 63.4 72.9 523 69.5
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Figure 11. Box plot of foreign contributions to PMzs by region.
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Figure 12. Time series (left) and box-plot (right) of measured PM2s concentrations and model bias for meteorological
variables (upper: wind speed, lower: middle-low cloud fraction).
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Appendix. At 7|7 & A4 L7 &

(a) Jan. 23,2015 (09:00 KST) (b) Tan. 24, 2015 (09:00 KST) (c) Jan. 26,2015 (09:00 KST

(d) Jan. 27, 2015 (09:00 KST) (f) Feb. 2, 2015 (09:00 KST)
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Appendix-1. Surface weather map representing Case.

(b) May 10, 2015 (09:00 KST) (c) May 12,2015 (09:00 KST)

Appendix-2. Surface weather map representing Case2.
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03 ALG 20151
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? Appendix-3. Surface weather map representing Case3.
(a) Oct. 21, 2015 (09:00 KST) (b) Oct. 24,2015 (09:00 KST) (¢) Oct. 27, 2015 (09:00 KST)
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Appendix-4. Surface weather map representing Case4.



