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Abstract Korea has designated ‘heat waves’ as natural disasters since 2018. Ozone is a secondary air pollutant produced
by photochemical reactions, so in order to control the ozone concentration, its precursors must be managed with heat wave-
related policies and air environmental policies, which naturally include climate change policies. Ozone also acts as an oxidant
that accelerates the production of PM, 5 while having precursors similar to PM, 5. Therefore, this study analyzed the effect of
improving ozone concentration in Seoul due to reduction of emissions in the Seoul metropolitan area during heat wave
periods for integrated ozone management. The scenario periods were selected from periods that satisfied the heat wave
definition (33°C or higher) for all the synoptic weather stations in the Seoul metropolitan area, and in contrast, a non-heat
wave period that did not meet the heat wave definition was selected and analyzed. In order to consider appropriate
emissions reductions in the Seoul metropolitan area, scenarios were designated by applying a 30% reduction in emissions,
which is the goal of the Comprehensive Measures for Fine Dust Management (’17.09) to the Seoul metropolitan area.
Modeling was performed using Weather Research and Forecasting Model (WRF), Sparse Matrix Operator Kernel Employment
(SMOKE), and Community Multiscale Air Quality (CMAQ) for ozone concentration analysis. In addition, Process Analysis IPR
(Integrated Process Rate) of CMAQ was utilized to analyze the contribution of ozone generation by physical and chemical
processes during the heat waves.

Key words: Heat wave, Ozone, CMAQ, Process analysis, Air quality integration policy

Ly = Q16 E8] 7] & (0,01 Aol Held 2
o] FAH}

7] & 2Ee vk 2ol sjekd 1] Astol
™ (Russell and Dennis, 2000), 22} A t7] @ JE4

o|7] wiizol LEFEE HAAT7] HsiMe &
S Aoz ERstAT 292 AEA 1 AF-EH]] AAASHE (Nitrogen Oxides; NO, =
H|ZESlo] AHARE G5 502 1~37F 4] & NO +NO,) % 3HA57]8eE (Volatile Organic
23l HE o] 1715} S ZA7IZ H718AE Compounds; VOCs) |7} Hg=Aojtk, @ F2 o]}
ti7|gte] o e di7| L 57t S7HE = ol=m B2 0F AFEHEC] HAT 71 25| B3¢

2L
o)

2018 A&l AIRE A&7/ HellAl 1907%
Zo| 39.6°C=E 1 7]} 7|22 ZHo
E[HA ool F-g3to] 2018 9EHE ?

-

513
| o o
) &" oo

o ot 0@ e i

Sty |2t Aste|X| M 37 H M4 &


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2021.37.4.612&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

Do
o
=
to
I
o
)
du
)
=
=}
ae)
2
ae]
=
o
o
=
X
=]
I
=
X
i

™, XS mRbsto] FAEAA falet ti7| e dE
A& 2G5 ek AbollA] 15k @F0 eFA
ol Az 7t T BA|, A 5, 1 7sxt
2 3 F Fghe] d<lo] = 4 Slth(WHO, 2018).
PM, ;9 thEA] Q&2 7t ti7| e 4240l Bm
o A mpAT 2o s ti-g 7t gl ofof o
2t e @F WA AY) EETS sk ol
(MOE, 2018). oA 198307 E ©=F tf 7|8+
7152 APdste] @& TSkl glom, 20204 7]
Fo2 F 7|gE7|E2 ¢ Al H 100 ppb,
A o 8A1ZF Ho 60 ppboltt. IH = EFstal
FLEAAY (I )& Z3t 0] @5 54|
= 0] oFShE| A Qltk 2016 W HE] M 0 F § 8
SA a0 @F g AIRE Hi7]2HE 719 100 ppbE
THEoHe A 7157 4= 30% mlgtolH, o o 8
Bt71E 60 ppbE THEShE EAIHZSEAE
1% QtEl= Z1o= Ueiytth ojof whet is e @
= dAS] AMAskR] o dor: At
LE UV 7E 2 o= Ao s HetEh
7|19 Hg}t SN &2 WI|AF 7| FHI
2= (Short Lived Climate Pollutants; SLCPs) ©]| 3fj
Tk IPCC (2018)0f wh2w S7]A|F 7|3} £
HEH2 t7] F AFAIREo] Aojof 100 Hgto]
I AF-23352] 4 (Global Warming Potential;
GWP)&= CO, Rt B4 Ath= A& ZZsi3th &
Ao @& AFEAE0] AFEA] &L AEH 0=
HiEEo] ti7] & A9E24d9 Tt 4 FA=HY
2, 7|5 He} fggos o EF LTt WolAH
QZ} At A 9 AgEo] Wobd Aog A
SFATH(IPCC, 2018). o] 23t A2 7] <82} of-§-oh
Ao g QFEMo] FojEo] L&V T A
APgE©] RobA] = FH ] (co-benefit)o] WAEE

=it

—

S

filo

EXZo| ME MSX|Y 2F 2x2F SeHz 2

1z

613

—&— Seoul
—e— Incheon
—A— Gyeonggi

26

24 4

22

20

03 (ppb)

T T T T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year

Fig. 1. Annual average concentration of Os in the Seoul
metropolitan area from 2001 to 2017.
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Table 1. Top 5 heat wave records at synoptic weather obser-
vation stations in the Seoul Metropolitan Area.

Observation Annual highest Observation

Location start date temperatures (°C) dates
39.6 2018.08.01
384 1994.07.24
Seoul 1907.10.01 38.2 1939.08.10
38.2 1943.08. 24
37.7 1949.08. 15
389 1949.08.16
37.7 1943.08. 21
Incheon 1961.07.01 374 1939.07.31
37.2 1994.07.26
37.0 2002.07.28
39.3 2018.08.01
374 2012.08.05
Suwon 1964.01.01 373 1994.07.23
36.9 2017.08.05
36.5 2016.08. 21
35.8 2014.08.02
35.7 2005.08. 06
Ganghwa 1972.01. 11 355 1994.07.23
354 1978.07.29
354 2018.08. 15

Source: Korea Meteorological Administration, 2019
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Table 2. Emission scenarios.

Classification Scenario content

Base scenario Clean Air Policy Support System (CAPSS)
2014 data

Reducing NO, emissions by 30% in the SMA
Reducing VOCs emissions by 30% in the SMA

Reducing NO, & VOCs emissions by 30% in
the SMA

Reducing PM, 5 emissions by 30% in the SMA

NO, scenario
VOCs scenario
NO, +

VOCs scenario
PM, 5 scenario

SMA: Seoul Metropolitan Area
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Table 3. WRF options.

Classification Option

Microphysics

Shortwave radiation
Longwave radiation
Cumulus parameterization

WSM6 (Hong et al., 2004)
Dudhia (Dudhia, 1989)
RRTM (Mlawer et al., 1997)
Kain-Fritsch (Kain, 2004)

PBL scheme Yonsei University (Hong et al., 2006)
Land-Surface Noah (Chen and Duhia, 2001)
Initial data NCEP FNL (Final) Operational Global

Analysis data
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Table 4. Statistical evaluation of the WRF and CMAQ model simulations at the sites available in Seoul. The values refer to 1-h

concentrations.

Classification Obs Model MB RMSE I0A r
Temperature (°C) 326 30.63 -2.0 2.7 0.86 0.87
Heat wave Wind speed (m/s) 1.49 3.59 2.1 27 0.33 0.38
O3 (ppb) 413 171 -0.02 0.03 0.62 0.61
Temperature (°C) 26.06 25.73 -0.3 1.0 0.96 0.93
Non Heat wave Wind speed (m/s) 2.96 2.56 -0.4 1.1 0.77 0.62
O3 (ppb) 48.8 17.9 -0.03 0.03 0.56 0.65
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Fig. 3. Effect of Ozone concentration improvement for (a) NO, scenario, (b) VOCs scenario, (c) NO, + VOCs scenario, (d) PM, 5

scenario, during heat wave episode.
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Fig. 4. Mean change in ozone concentration relative to base case for each scenario during heat wave episode and non-heat
wave episode.
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Fig. 5. Effect of Ozone concentration improvement for 60% reduction of NO, during (a) heat wave episode, (b) non-heat
wave episode.
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