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Abstract The observed annual mean PM,; concentration in Jeonbuk in 2016 was 31 pg/m?, twice higher than the
national ambient air quality standard (15 pg/m?3). In this study, we analyzed the self- and inter-provincial contributions to the
PM, 5 concentrations in Jeonbuk by applying the Comprehensive Air quality Model with eXtensions with Particulate Source
Apportionment Technology (CAMx-PSAT). The foreign contributions to the annual PM, s concentrations ranged from 13.1 to
17.3 ug/m? in the fourteen local authorities in Jeonbuk. The domestic contributions in the local authorities calculated by
adding the self-contributions and neighboring provincial contributions ranged from 5.9 to 12.0 ug/m>. It implies that both
the foreign and domestic emissions are important to alleviate the PM, ; concentrations in Jeonbuk. On top of the self-
contributions of Jeonbuk, the contributions of Chungnam and Jeonnam in the vicinity played significant roles in determining
the annual mean PM, 5 concentrations in Jeonbuk. Meanwhile, it was estimated that daily PM, 5 concentrations in Jeonbuk
can be decreased by up to 15 ug/m? by controlling the nationwide emissions, especially when the daily PM, s concentration is
higher than 50 pg/m?. It is noticed that the portion of inorganic ions in the domestic contributions increased as high as 90%
when the daily mean PM, s concentrations in Jeonbuk increased. Accordingly, reductions of the precursor emissions such as
SO,, NO,, and NH; would be effective to decrease the occurrences of high PM, 5 days (> 50 pg/m?) in Jeonbuk. The site-by-site
model performance evaluations show that there still exist uncertainties in the emissions used in this study. Therefore, prior to
developing a comprehensive air quality improvement plan in Jeonbuk, the preparation of local emissions able to explain the
details of local air quality is required.
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Fig. 1. Coverages of modeling domains at horizontal grid resolutions of (a) 3-km, and (b) fourteen local authorities in
Jeonbuk. The blue circles and red triangles indicate the air quality monitoring stations (AMS) and super sites, respectively.
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Fig. 2. Simulated annual mean PM, 5 concentrations (left) and the relative foreign contributions in and around Jeonbuk dur-

ing the simulation period of 2016.
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Fig. 3. Scatter plots between the difference in the annual mean PM, 5 concentration of fourteen local authorities from
Jeonbuk’s annual mean PM, 5 concentration against (a) the difference in the foreign contribution of the local authorities from
the province mean foreign contribution, and (b) the difference in the relative foreign contribution of the local authorities from
the province mean relative contribution during the simulation period of 2016.
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Fig. 4. Self- and inter-provincial contributions to the annual mean PM,; concentrations in fourteen local authorities in
Jeonbuk during the simulation period of 2016. Acronyms named JB, CN, and JN, Rest of S. Korea represent Jeonbuk,
Chungnam, Jeonnam, and the remaining other provinces in the country, respectively.

(a) Jeonbuk

(b) Chungnam

(c) Jeonnam

Fig. 5. Contributions of emissions released from (a) Jeonbuk, (b) Chungnam, and (c) Jeonnam to annual mean PM, 5 concen-
trations in fourteen local authorities in Jeonbuk during the simulation period of 2016.
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(a) Concentrations (24.4 pg/m?)
1.4%

(b) Foreign contributions (15.4 ug/m?)
1.0%

(c) The rest domestic contributions (5.0 pg/m?)

2.4%

(d) Self-contributions (4.0 pg/m?)
1.7% 4.2%

Il Sulfate Hl Nitrate [ Ammonium [l PPM,; EESOC

Fig. 6. Annual simulated PM, s compositions for (a) concentrations, (b) foreign contributions, (c) the rest of domestic contribu-

tions, and (d) self-contributions in Jeonbuk in 2016.
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Fig. 7. Annual mean contributions of emissions released from Jeonbuk (top), Chungnam (middle), and Jeonnam (bottom) to
sulfate, nitrate, ammonium, and primary PM, 5 during the simulation period of 2016.
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Fig. 9. Bar plots of (a) the foreign, and (c) domestic contributions on the PM, s compositions, and the relative (b) foreign, and
(d) domestic contriubtions in Jeonbuk for the each PM, s mass concentration bin during the simulation period of 2016.
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Fig. 10. Contributions of emissions released from Jeonbuk
to annual mean PM,; concentrations in individual local
authorities of South Korea during the simulation period of
2016. 0.15, 0.30, 0.75, 1.50, 3.0, 7.0, and 15.0 ug/m? in the
legend are equivalent to 1, 2, 5, 10, 20, 50, and 100% of the
national ambient air quality standard.
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Table 1. Model performance evaluation in the air quality monitoring stations (AMS) of Jeonbuk.

Species Number of sites MEAN (OBS) MEAN (MOD) MB RMSE NMB NME R
PM, s 14 313 27.9 -34 137 -11.0 33.1 0.7
SO, 14 4.3 39 -0.4 1.4 -10.0 27.2 0.6
NO, 14 15.8 124 -34 54 -214 271 0.7

MEAN (OBS), the mean of the observed values; MEAN (MOD), the mean of the simulated values; Mean Bias (MB); Root Mean Square Error (RMSE);
Normalized Mean Bias (NMB); Normalized Mean Error (NME); Pearson Correlation coefficient (R). Unit: MEAN (ug/m3), NMB (%), NME (%). Emery et al. (2017)
goals for 24-hr total and speciated PM,s: NMB < 10%, NME <35%, R>0.70. Emery et al. (2017) criteria for 24-hr total and speciated PM,s: NMB <30%,

NME < 50%, R>0.40.
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Fig. 11. The Normalized Mean Bias (NMB) for PM, 5 (top),
NO, (middle), and SO, (bottom) concentrations at the air
quality monitoring stations in Jeonbuk in 2016.
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Table 2. Model performance evaluation in supersites of Daejeon and Gwangju.

Site Species MEAN (OBS) MEAN (MOD) MB RMSE NMB NME R

PM,.¢ 30.1 25.1 =50 12.1 -16.7 309 07

Sulfate 44 6.1 17 40 375 586 07

‘ Nitrate 41 7.2 3.1 55 748 918 07

Dacjeon Ammonium 33 43 10 23 306 498 07

EC 13 0.8 05 07 367 392 06

oc 41 21 220 27 488 51.0 05

PM,. s 254 235 -1.9 .1 -75 332 07

Sulfate 55 56 02 38 30 483 07

, Nitrate 37 63 25 47 67.9 89.3 07
Gwangju .

Ammonium 34 38 05 2.1 133 435 07

EC 12 09 -03 05 -28.1 345 06

oc 41 17 —24 30 -59.2 60.6 05

MEAN (OBS), the mean of the observed values; MEAN (MOD), the mean of the simulated values; Mean Bias (MB); Root Mean Square Error (RMSE);
Normalized Mean Bias (NMB); Normalized Mean Error (NME); Pearson Correlation coefficient (R). Unit: MEAN (ug/m3), NMB (%), NME (%). Emery et al. (2017)
goals for 24-hr total and speciated PM,s: NMB < 10%, NME <35%, R>0.70. Emery et al. (2017) criteria for 24-hr total and speciated PM,s: NMB < 30%,

NME < 50%, R>0.40.
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Fig. S1. Comparisons of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, (c) relative humidity,
and (d) precipitation in the Jeonbuk weather stations during 2016.
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Fig. S2. Annual NO, (left), SO, (middle), and NH; (right) emissions based on CAPSS 2016 in South Korea (top) and Jeonbuk
(bottom).
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Fig. S3. Annual inter-provincial PM, 5 contributions in Jeonbuk during 2016.
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Fig. S4. Relative foreign (black) and domestic (gray) contributions to the annual mean PM, 5 concentration bins in Jeonbuk
during 2016.
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Fig. S5. Daily averaged concentrations of sulfate, nitrate, ammonium, OC, and EC in Gwangju (left) and Daejeon (right) during
2016. Circles represent the observed concentrations, while blue lines represent simulated ones.
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