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Abstract In this study, we utilized the PORT-MIS, CMAQ modeling and BFM tool to estimate the contributions of emission
from ships on PM, 5 concentration over Incheon area. At first, we conducted the modeling based on the CAPSS emissions
inventory. Secondly we built new gridded emissions from cargo ships by making the best use of PORT-MIS and conducted the
modeling based on them. Finally, we conducted the modeling with these new gridded emissions from ships reflecting funnel
heights of ships. As a result of calculating new emissions from ships using PORT-MIS, PM, 5 of emissions from cargo ships were
increased by 949 ton/yr in comparison with those in CAPSS. And during the episode period, the contributions of emission from
ships on PM, s concentration were 0.6 + 1.3 ug/m3, 0.6 + 1.3 ug/m?, 0.2+ 0.5 ug/m> when modeling was conducted based on the
CAPSS emissions inventory, at Sinheung, Songnim, Bupyeong, respectively. Secondly those were 3.2+ 5.3 ug/m?, 1.9+ 3.3 ug/m3,
0.7 + 1.6 ug/m>, when modeling was conducted based on the new emissions from ships using PORT-MIS. Finally, those were
2.6+4.5 pug/m3, 1.8+3.1 ug/m>, 0.8+ 1.7 ug/m>, when modeling was conducted based on same emissions from ships using
PORT-MIS and applications of funnel height. The model using PORT-MIS shows a bit better performance for the prediction of
PM, 5, while there is a still large uncertainty to calculate emissions from ships. Continuous efforts to correct this problem will be
required in the future.

Key words: PM, 5, Emissions from ships, Incheon port, PORT-MIS, Chemical transport model, WRF, SMOKE, CMAQ
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Fig. 1. Overview of Incheon port area in this study.
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Fig. 2. Monthly mean and maximum PM, 5 concentrations in three sites of Incheon, 2018.
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Table 1. CAPSS 2015 emissions in Incheon area.

PM-2.5 emission PM-2.5 ratio
(ton/year) (%)
All ships 217.0 7.9
Cargo ships 191.8 7.0
Factories 181.1 6.6
(in processing)
Total 2,729.5 100

(Incheon area)
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Table 3. The summary of emissions from ships by cases.

Domestic emissions

Consideration for height of

CASE Foreign emissions ) funnels as modeling
Ships The others
CASE1 MIX 2010 CAPSS 2015 X
CASE 2 MIX 2010 Emissions for cargo ships CAPSS 2015 X
using PORT-MIS
CASE 3 MIX 2010 Emissions for cargo ships CAPSS 2015 o

using PORT-MIS

Table 4. WRF and CMAQ configurations used in this study.

WREF physical options

CMAQ module and scheme

Micro physics WSM 6-class
Long wave radiation RRTM

Short wave radiation Goddard
Land-surface model Noah LSM

PBL physics YSU
Cumulus option Kain-Fritsch

Aerosol and chemical module AERO5_CBO05
Chemical solver EBI

Advection scheme YAMO
Horizontal diffusion Multiscale
Vertical diffusion Eddy
Cloud scheme ACM
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Fig. 4. CMAQ modeling domains. Dots in the 1 km resolved domain represent air quality monitoring stations (AQMS) and auto-
mated synoptic observing system (ASOS) used to evaluate model performance (SH: Sinheung, SN: Songnim, BP: Bupyeong, IWS:

Incheon weather station).
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Table 5. The difference of PM, 5 emissions from cargo ship
sources.
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(a) CAPSS 2015 (b) PORT-MIS (c) Differences (a-b)

Fig. 5. PM, 5 emissions using (a) CAPSS, (b) PORT-MIS and (c) differences.

Table 6. Monthly allocations calculated by PORT-MIS over the Incheon port.

1 2 3 4 5 6 7 8 9 10 " 12

Ocean-going ships  0.0815 0.0858 0.0887 0.0803 0.0725 0.0827 0.0834 0.0824 0.0839 0.0873 0.0832 0.0881
Coasters 0.0796 0.0718 0.0879 0.0863 0.0975 0.0934 0.0848 0.0839 0.0786 0.0769 0.0800 0.0792

Table 7. Weekly allocations calculated by PORT-MIS over the Incheon port.

Mon. Tue. Wed. Thu. Fri. Sat. Sun.
Ocean-going ships 0.1296 0.1448 0.1402 0.1378 0.1391 0.1525 0.1560
Coasters 0.1381 0.1495 0.1426 0.1484 0.1380 0.1471 0.1363
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Table 8. WRF performance statistics in case 1.

AlZhstie= 7 5 CMAQ 2R-0f2] A A7

Variables Obs. mean Mod. mean MBIAS NMB I0A RMSE R
Temperature (°C) 11.92 11.69 -0.18 -1.52 0.96 213 0.94
Wind speed (m/s) 3.19 3.29 0.20 6.13 0.86 1.32 0.76

©T2_0BS «T2_MOD

2018-03-11 0:00 2018-03-21 0:00 2018-03-31 0:00

it

2018-04-10 0:00
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(b) Wind speed (m/s)

Fig. 6. Time series plots of (a) temperature, (b) wind speed at Incheon weather station.
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Table 9. CMAQ performance statistics for PM, 5 by cases.

Variables Obs. mean Mod. mean MBIAS" NMB? I0AY RMSE®

CASE 1 23.81 -1.55 -6.12 0.89 9.78

Shinheung CASE 2 25.36 26.35 0.98 3.88 0.90 9.28
CASE 3 25.76 0.28 1.03 0.89 9.60

CASE 1 25.57 -0.4 -1.44 0.88 9.73

Songnim CASE 2 25.97 26.94 -1.04 3.78 0.89 9.66
CASE 3 26.85 1.01 3.44 0.88 9.99

CASE 1 29.65 572 23.54 0.85 11.76

Bupyeong CASE 2 23.98 3033 6.22 25.82 0.84 12.02
CASE 3 30.18 6.25 25.74 0.84 12.04

MBIAS : Mean Bias, ”?NMB : Normalized Mean Bias, ?I0A : Index of Agreement, “RMSE : Root Mean Square Error
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Table 10. Contributing concentrations of ships on PM, 5 by
cases. (unit: pg/m3)

Spots Case 1 Case 2 Case 3

P (mean=SD) (meanxSD) (mean=SD)
Shinheung 06+1.3 3.2+53 26+45
Songnim 04+0.7 1.9+33 1.8x+3.1
Bupyeong 0.2+0.5 0716 08+1.7

HlE32 A8 RdF3uE o]85to] ZOC (Zero-
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Fig. 8. Time series plots of contributing concentrations of ships on PM, 5 depending on acceptance spots.
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