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Abstract
emissions and PM, s concentrations. The study was varied the cargo ship emissions reduction from 100%, 70%, and 50%, to
30% to review uncertainties and estimate the range of contributions for the simulated results and sensitivity analysis was
conducted for each component. As a result, nonlinear characteristics were found for change in the ship emissions and,
accordingly, for change in the PM, 5 levels. However the coefficient of quadratic terms was small enough and there was not a
significant curved pattern change for the ship sources. The components, excluding those that include EC and mineral
particles, are chemical species that have a range of chemical reactions in the atmosphere to lead the secondary formation of
PM, 5. Therefore, although the pollutant emissions from ships decreased the same rate, the simulated levels showed a

In this study, the characteristic of BFM was studied wherein nonlinearity was shown in the relation between ship

nonlinear tendency. For the episode period, the contribution of ships was analyzed for each of the conditions for ship
emissions sensitivity experiments. As a result, for Sinheung, which is located closest to the port, the contributions ranged
from 4.3 to 4.8 ug/m>; following this, the range was from 2.8 to 3.1 ug/m? for Songnim, and from 0.9 to 1.2 ug/m? for
Bupyeong.
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Fig. 1. Overview of Incheon port area in this study.
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Fig. 2. Surface weather chart at 09:00 KST over a span of 6 days (25~30 March, 2018).
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Fig. 3. CMAQ modeling domains. Dots in the 1 km resolved domain represent air quality monitoring stations (AQMS) and
automated synoptic observing system (ASOS) used to evaluate model performance (SH: Sinheung, SN: Songnim, BP:

Bupyeong, IWS: Incheon weather station).

Table 1. The summary of emissions by cases.

Domestic emissions

CASE Foreign emissions

Cargo ships The others

CASE1 MIX 2010 Emissions for cargo ships using PORT-MIS CAPSS 2015
Emissions for cargo ships using PORT-MIS

CASE 2 MIX 2010 reduced to 100% (ZOC 100%) CAPSS 2015
Emissions for cargo ships using PORT-MIS

CASE 3 MIX 2010 reduced to 70% (ZOC 70%) CAPSS 2015
Emissions for cargo ships using PORT-MIS

CASE 4 MIX 2010 reduced to 50% (ZOC 50%) CAPSS 2015

CASE5 MIX 2010 Emissions for cargo ships using PORT-MIS CAPSS 2015

reduced to 30% (ZOC 30%)
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Table 2. Difference of emissions from cargo ship sources between 2015 CAPSS and 2018 PORT-MIS. (unit: ton)
ey i)
NOy 3,698.815 14,847.098 4.01
SOy 1,582.672 13,652.504 8.63
VOC 128.078 409.575 3.20
PMo 211.497 1,143.396 541
PM, s (primary emission) 191.789 1,051.925 548

(a) CAPSS 2015

(b) PORT-MIS 2018

235680

(c) Differences (a—b)

Fig. 4. PM, 5 emissions using (a) CAPSS, (b) PORT-MIS and (c) differences.
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Table 4. CMAQ performance statistics for PM, 5 in CASE 1.

Spot Obs. mean Mod. mean MBIAS NMB IOA RMSE

P [ug/m?] [ug/m?] [ug/m?] [%] [ug/m?]
Sinheung 51.5 45.7 -4.89 -10.01 0.69 24.49
Songnim 491 50.6 -0.15 -0.32 0.63 24.99
Bupyeong 411 534 9.15 22.27 0.64 2444
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Table 5. Simulated concentrations and standard deviation of PM, 5 due to variations in reduction of cargo ship emissions.

(unit: pg/m?3)
Case Case 2 Case 3 Case 4 Case5 Case 1
Spot
Z0C 100 70 50 30 Base
Sinheun PM, 5 Conc. 40.9 427 436 445 45.7
9 SD. 202 20.1 19.9 19.8 19.7
sonanim PM, 5 Conc. 475 486 492 498 506
9 S.D. 21.9 21.6 21.4 213 21.1
Buoveon PM, 5 Conc. 52.1 526 529 53.1 534
pyeong SD. 216 216 216 215 216
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Fig. 5. (left) Difference in PM, s due to variations in reduction of cargo ship emissions and (right) nonlinear relationship
between cargo ship emissions and PM, 5 concentrations.
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Fig. 6. Difference in concentration of (a) OA, (b) EC, (c) ANH,™, (d) ANO5™, (e) ASO,%, (f) sea salt, (g) others due to variations in
reduction of cargo ship emissions at Sinheung.
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(d) 3. 28.17:00, 20:00, 24:00 KST and 3. 29. 05:00 KST from left to right, in order.

Fig. 10. Spatial distributions of contributions of cargo ships on PM, 5 for a episode period
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(g) 3. 31. 16:00, 19:00, 24:00 KST and 4. 1. 04:00 KST from left to right, in order.

Fig. 10. Continued.
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