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Abstract

Quantitative assessment on the impact from North Korean emissions to surface particulate matter (PM) concentra-
tion in the Seoul Metropolitan Area (SMA), South Korea is conducted using a 3-dimensional chemistry transport
model. Transboundary transport of air pollutants and their precursors are important to understand regional air quality
in East Asian countries. As North Korea locates in the middle of main transport pathways of Chinese pollutants,
quantifiable estimation of its impact is essential for policy making in South Korean air quality management. In this
study, the Community Multiscale Air Quality Modeling System is utilized to simulate regional air quality and its
sensitivity, using the Comprehensive Regional Emissions inventory for Atmospheric Transport Experiment 2015 and
the Clean Air Policy Support System 2013 emissions inventories for North and South Korea, respectively. Contribu-
tions were estimated by a brute force method, perturbing 50% of North and South Korean emissions. Simulations
demonstrate that North Korean emissions contribute 3.89 pg/m® of annual surface PM concentrations in the SMA,
which accounts 14.7% of the region’s average. Impacts are dominant in nitrate and organic carbon (OC) concentra-
tions, attributing almost 40% of SMA OC concentration during January and February. Clear seasonal variations are
also found in North Korean emissions contribution to South Korea (and vice versa) due to seasonal characteristics of

synoptic weather, especially by the change of seasonal flow patterns.
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Fig. 1. Modeling domains for 27 km horizontal resolution
and 9 km horizontal resolution.
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Table 1. WRF and CMAQ simulation configurations.

WRF Option CMAQ Option
Version 34.1 Version 4.7.1
Global MET inputs FNL Chemical mechanism and SAPRC99, AEROS

Aerosol module
Micro physics WSM6 Boundary condition Profile for 27 km, Nest down for
9km simulation

Short wave radiation Goddard Advection scheme YAMO scheme
Land-surface model NOAH Horizontal diffusion Eddy scheme
PBL scheme YSU Cloud scheme ACM

Table 2. Descriptions on emissions inventories for (a) South Korea (CAPSS 2013) and (b) North Korea (CREATE 2015).

(a) South Korean emission of CAPSS 2013

(Unit: Ton/year)

SCC CO NO, SO, NH; vVOC PM,, PM,
Combustion in energy industries 63457 177,220 97,566 1,745 8,545 4,524 3,573
Non-industrial combustion plants 87,532 88,771 31,101 1,392 2,784 1,955 1,226
Combustion in manufacturing industries 20,125 178,034 95,836 800 3,537 81,013 41,606
Production processes 24912 55,189 107,835 35,051 174,028 6,279 4,852
Storage and distribution of fuels - - - - 27,209 - -
Solvent use - - - - 562,072 - -
Road transport 409,218 335,719 189 9,840 65,807 12,103 11,135
Other mobile sources and machinery 82,615 246,030 65,119 220 22,288 15,167 13,953
Waste treatment and disposal 1,957 9,529 6,517 23 46,495 243 202
Agriculture - - - 230,919 - - -
Other sources & sinks 6,865 165 - 12,785 637 310 279
Combustion total - - - - - 85,050 14,705
Mobile total 255,206 9,110 148 20 101,487 15,663 12,681

Total 951,388 1,099,766 404,310 292,796 1,014,839 222,306 104,210
(b) North Korean emission of CREATE 2015

SCC CO NO, SO, NH, vOC PM,, PM,
Stationary source fuel combustion 1,067,810 195,867 217,684 1,977 144,114 344348 215,612
Mobile sources 39,942 32,357 66,173 73 1,506 74,458 45305
Industrial processes - - - - 46,201 - -
Solvent utilization - - - - 3,104 6,579 648
Storage and transport 20,160 101 108 - - 4,560 4,195
Waste disposal, treatment, and recovery 69,718 215 230 77,730 8,663 15,865 10,640
Miscellaneous area sources 214,612 42,163 3,517 277 52,355 4,237 3,791

Total 1,412,242 270,704 287,713 80,056 255,943 450,047 280,191
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Table 3. Model performance statistics over 259 surface
monitoring sites for NO,, SO,, O, and 178 sites
for PM,; in South Korea.

PM, NO, S0, o,
(4-hr)  (24-hr)  (24-hr)  (I-hn)
Mean (Observed)  25.97 257 463 4951
Mean (Predicted) 2648 2095 508 5327
R 08 0.55 0.67 09
NMB 199 =717 9.88 759
NME 2142 2344 2398 1393

Unit: mean (pug/m* for PM, 5 and ppb for O;, NO,, SO,), NMB (%),
NME (%)

Emery et al.(2017) goals for 1-hr O;: NMB < £5%, NME< 15%,
r>0.75.

Emery et al.(2017) criteria for 1-hr O;: NMB < £+ 15%, NME<25%,
r>0.50.

Emery et al.(2017) goals for 24-hr PM, ,
NMB < +10%, NME <35%,1r>0.70.
Emery et al.(2017) criteria for 24-hr PM, 5, Sulfate, and Ammonium:
NMB < £30%, NME <50%, r>0.40.

Sulfate, and Ammonium:
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Fig. 2. Comparisons of observed and simulated concentrations of (a) PM,;, (b) nitrate, (c) sulfate, (d) ammonium, (e)
OC, and (f) EC at Bulkwang-dong supersite during 2016.
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Fig. 4. Spatial distributions of annual mean North Korean emissions contribution to (a) PM,;, (b) nitrate, (c) sulfate, (d)

ammonium, (e) OC, and (f) EC during 2016.
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PM concentrations in the SMA, South Korea (a)
PM,, (b) nitrate, (c) sulfate, (d) ammonium, (e) OC,
(f) EC.
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Fig. 7. Monthly contributions from regional emissions
sources (S. Korea, N. Korea and others) on surface
PM concentrations in Kaesong, North Korea (a)
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(f) EC.
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