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Analyzing the Changes in O3 Concentration due to Reduction in
Emissions in a Metropolitan Area : A Case Study of Busan during the
Summer of 2019
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Abstract

In this study, numerical simulations using community multiscale air quality (CMAQ) were conducted to analyze the change
in ozone (O3) concentration due to the reduction in nitrogen oxides (NO) and volatile organic compounds (VOCs) emissions in
Busan. When the NOx and, VOCs emissions were reduced by 40% and, 31%, respectively, the average O3 concentration
increased by 4.24 ppb, with the highest O3 change observed in the central region (4.59 ppb). This was attributed to the
decrease in Os titration by nitric oxide (NO) due to the reduction of NOy emissions in Busan, which is classified as a
VOCs-limited area. The distribution of O3 concentration changes was closely related to NOy emissions per area, and inland
emissions were highly correlated with daily maximum concentrations and 8-h average O3 concentrations. Contrastingly, the
effect of emission reduction depended on the wind direction. This suggests that the emission reduction effects may vary
depending on the environmental conditions. Further research is needed to comprehensively analyze the emission reduction
effects in Busan.
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Fig. 1. Topographic distribution of Busan and surround area. “Nakdong”, “Geumjeong”, and “Oncheon” indicate the Nakdong
river, the Geumjeong mountain, and the Oncheon stream, respectively.
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Fig. 2. Administrative division of Busan. The western (WEST) and eastern (EAST) districts were categorized as the border
of Geumjeong mountain, and the central (CENT) district is located in the south of Oncheon Stream.
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Table 1. Area, population, and density of each district in Busan

Region City Area (km?) Population (109 Density
Total Busan 770.17 332.23 4,314 /km?
Western GS, BG, SS, SH 298.75 92.96 3,112 /km®
Eastern GM, GJ, DR, HW 351.77 106.22 3,020 /km?
Central NG, DG, BS, SG, SY, Y], JG, YD 119.66 133.05 11,119 /km?
Table 2. NOy and VOCs emissions of Busan classified by SCC_CD in CAPSS 2019 inventory
Emissions (tons/year)
SCC_CD
NOy VOCs
Combustion in energy industries 1,249 2.57% 230 0.64%
Non-industrial combustion 4,848 9.98% 171 0.48%
Combustion in manufacturing 1,720 3.54% 72 0.20%
Production process 425 0.87% 238 0.67%
Storage and distribution of fuels 0 0.00% 609 1.71%
Solvent use 0 0.00% 26,346 73.76%
Road transport 14,105 29.05% 2,103 5.89%
Other mobile sources and machinery 6,655 13.71% 762 2.13%
Ship transport 19,258 39.66% 2,615 7.32%
Waste treatment and disposal 267 0.55% 2,341 6.55%
Agriculture 0 0.00% 1 0.00%
Other sources and sinks 11 0.02% 46 0.13%
Fugitive dust 0 0.00% 3 0.01%
Biomass burning 16 0.03% 180 0.50%
Total 48,553 100.00% 35,719 100.00%
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Fig. 3. The domains of WRF and CMAQ numerical simulations, and distribution of air quality monitoring station (AQMS),

automated synoptic observing system (ASOS) and automatic weather station (AWS) in Domain 03.
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Table 3. Model configurations for the WRF and CMAQ simulation
WREF v4.1.1 Domain 01 Domain 02 Domain 03
Horizontal resolution 27 km 9 km 1 km
Number of grids 120 x 100 91 x 82 78 x 69
Time step 180 sec 60 sec 6 sec
grid
Nudging option grid
observation
Vertical layers 37 layers
Initial data ERA v5
2019. 05. 26. 09 LST
Time period
~2019. 09. 03. 09 LST
CMAQ v5.3.2 Domain 01 Domain 02 Domain 03
Horizontal resolution 27 km 9 km 1 km
Number of grids 107 x 87 78 x 69 66 x 57
Verital layers 37 layers
CAPSS 2019
Emission data EDGAR v6.1
MEGAN v2.1
Chemical mechanism CBO06r3
Aerosol Option AERO7

Time period

2019. 05. 27. 09 LST
~2019. 09. 02. 09 LST

Table 4. Total amount of emissions in Busan from CAPSS 2019 inventory and reduced amount of emissions applied for the

sensitivity simulation (Reduce case)

Emissions Pollutants(tons/yr)
amounts ) NO. 50, TSP PMn VOCs NH, PM; 5
Total 44,239 74,831 24,368 24,023 9,665 74,964 13,105 4,039
Reduction 16,811 29,932 7,067 _ 2,803 23,239 B 1,171
(38%) (40%) (8%) (29%) (31%) 29%)
case, T A¥S Y5ttt 20159 TES FAg] o, 4 " wE FH2 29,932 tons/yr (NOy),
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Fig. 4. Amounts of NO emission (a) and NO, emission density (b) with respect to the administrative divisions of Busan.
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Fig. 5. Amounts of VOCs emission (a) and VOCs emission density (b) with respect to the administrative divisions of Busan.
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Fig. 6. Spatial distribution of NOx (a) and VOCs (b) emissions in Busan obtained from the CAPSS 2019 inventory.
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Fig. 7. Comparison of WRF and CMAQ simulation results with corresponding observations for temperature (a), wind speed

(b), O3 (0), and NO; (d) during the simulation period.

n

Y (0—m)?

I0OA = 1— 3)
(|ar—0l+lo-0l)

»-.Ms

RMSE #£°] 17.67 ppb, 13.04 ppb, MBE #tel 242t -
2.46 ppb, 2.47 ppb® WEh} tha: 4w B OJst
= %ol FRA=HI shATE AP Aol WRF &
0] F4& oo ofsf O; FE7F M BO| B=
Aol B HE Ql31(Jeon et al., 2011), 032} NO,
o] A% A7} Kim et al.(2020)0114 AIA g 7| £ &
WSSk o2 yeitonz wdo] ghEghe] W
= o] ARttt wasklth(Fig. 7).
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Fig. 8. Spatial distributions of O3 concentration in Domain 03 of Base case (a), Reduce case (b), and their difference (c).

Table 5. Differences between the reduction case and the base case in simulated O3 concentration, daily maximum Os
concentration, and 8-hour average Os concentration by region.

03 concentration (ppb)

Region

Mean 1-hour 8-hour
Total 4.24 3.65 4.12
Western 4.17 3.62 3.99
Eastern 3.69 2.83 3.29
Central 4.59 4.07 4.60

3.3. CMAQ $:3| 2o|Zat
3.3.1. HIEZ AZ0| T2 242 O3 sk Het
FAR Qo v Eg AAR QIR 05 5
2A45t7] fIste] 20199 A5 B 03 sk 19
ATE Fig. 8ol eI et vi&EFS] #|7tol] ofsf &
ARl Wit 03 FEE 28.32 ppb(Base case)oll Al
32.57 ppb(Reduce case)Z 4.24 ppb 5715l= A2
E UERT B 03 557 7P AA AT A9
FHEY Y2 YERem(Base: 27.60 ppb,
Reduce: 29.63 ppb) 7 2A &5 2|92 F5H
o] RAIFE YERdtHBase: 25.66 ppb, Reduce:
31.24 ppb). FAHA 0] Bt O3 TS 0 T
thzof oo = T w1l gl A o O; =98
Azt Bt 03 FE9 Ao = olojxlon, BAkzY
g 4 A 05 5%+ 3.62 ppb(Base: 47.51 ppb,
Reduce: 51.13 ppb), 8AIZF BH O3 5EE 4.12
ppb(Base: 40.03 ppb, Reduce: 44.15 ppb) 55}
art. & 5 BE 7P A s A9 FREe

= ettt 9 2 0; 559 B¢ 7Y 5
oAl 4.84 ppb 5oti o (Base: 39.58 ppb,
Reduce: 44.43 ppb), 8417t Bt O3 skt TFHY
BAAOA 551 ppb AsotHth(Base: 38.36
ppb, Reduce: 43.88 ppb)(Table 5).

A Jof| X 9] O3 sk 7+ viEZe] §iste] ol &
9] F7otAY fHashe Ao] ofzt tf7] F9] teF
g AF-E4 74o] vlgo met 2 Htk(Sillman and
He, 2002; Duncan et al., 2010; Yang et al., 2019).
S §igto] o3t 28/ OF Lk A3 482 $oiA
£ NO2t VOCs9] dtA s Hl&of w2} sfd A
9-& NOs-limited = VOCs-limited X222 -
2o, dHtAH o g7 VOCs/NOL2| Hl&o] 8:1 7|7t
o e ZHFE VOCs-limited Ago=z EF3ict
(Seinfeld, 1989; F. Geng et al., 2008). A3
A HA2] 92 VOCs-limited A9 o2 EF7H v} 9]
©o(Do et al., 2007; Jeon, 2014), & A2l 44
ol AiKBase case)olME HFAAAS Hat
VOCs/NO, s H]&o°] 8:1Ett W2 1.03:12 Uet
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Fig. 9. Distributions of NOyx Emission per area from CAPSS 2019 inventory (a) and differences in regional mean Os
concentration (b), daily maximum Oj concentration (c), and 8-hour average Os concentration (d) between the

Reduce case and the Base case.

1 VOCs-limited 2| ¥ 2] EA& Hol= Ao=2 &<l
= ok
VOCs-limited Z|FoAE d¥HEo0 2 VOCs HY
Fo] el sl 05 F&7F HAsHAT NO, Hi
ZFO| A 2359 03 T8 F7HE & 9
Aor &HA rKSeinfeld and Pandis,
2016). NOy HiEF Haoll o3t 05 ¥&=9 S57h=
T2 NO &9 #aof 93t 05 AHNO+0; —
NO,+0) fdeof ok o= AygHe. & A+
A PAEA A7 o] Aol wheh KAk
NO.&t VOCs HiE=o] 25 AAastilou 059 &

il

e e

ZAog FAHC olyg HAie
VOCs-limited Z9elA4 NO, Hi&% A7t VOCs
HiEsF Ao Hs) & o 059 &7t AsdE B
?l Yin et al.(2021)2] d+Zute}t Ldxjgict 2 4
T4 VOCs HIE5(23,239 tons/yr)< NO, Hi&
(29,932 tons/ynETt 29% HA HAsHHoH
ol|gh wiE=F Aol ztolo] osf VOCs Hi&EZ <
Hazel ot FFET NO, i d49] 9l o
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A et AMH o= O3 FE] F7HE oI5t 3.3.2. 0; =& H50|| Cigh NOx HiZ 2| Ik

A E AR sfHd.

& NO9| A4 avpgaol ojt O T s
Udibz oz Fofel gkl ofgt 039] Aol AlRt==
ofztoll FSisHAl dofub= Ao ® A Qlrt. shA|v t}. olggt uj&ake] Zad] ot 0, FEZIIE 21
H Ao A= oFzH(19 LST-07 LST)¥et ofat 3¢ HojlA] 71 Z7] el om CAPSS 2019 HiZak 2}
(07 LST-19 LSD°ll &= O3 5&2] 717t §-SistA| et Bo| EW FRAL Jpg o WAL NO, HESTS

QA A2 vt o] W Aol oJs) B4
o] 0; B 0518 F7IAR, ol 0, 550 F
7He 32 NO, &) ol mE 02 BAH
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%

do] ERIE It o] F3F ARk NO2J 274 740l Hol Yooz BALr} wlaba] B 7oAl HA
ST 05 7Pt whEd el S AHA O B g No whanpe) Rl EY Al 97 O S
oleie AMSE pAlr ] WiE M) 212 05 F Fig. 9 412 9j9] Mg NO, #5343} NO, 1)
TZ7F7F VOCs &=l Hlal Adtid o=z A 2o 2% 7taR 013 0, B WslE AgEa LHslo]
Y NO, HiEe] ol AR 983 WASE ey ot W4T NO, WEFo] We FRA
2 AR Eoh wepA pa o] ddH<l O; s (22.45 tons/yr/k)2 AHH(37.82 tons/yr/kd) oA
A AHAE NO, MEF 2ol 433k VOCs

" i - = 039 5% WSHEHEHE: 3.69 ppb, AEH: 4.17
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Table 6. Correlation between NOx Emission per area from CAPSS 2019 inventory and differences of simulated Os
concentration, daily maximum Os concentration and 8-hour average O3 concentration between the Reduce case and
the Base case.

Correlation
Emis
Mean 1-hour 8-hours
Total 0.16 0.37 0.31
Land 0.54 0.65 0.61
(a) 8/4 (b) 8/18 (c) 825
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Fig. 11. Differences of simulated O3 (Reduce case - Base case) in Domain 03 and frequencies of wind direction in Busan

during the three days (8/4, 8/18, 8/25) (a,b,c).

Ao H|gto] =2 FHA(84.40 tons/yr/k)oNA =
Atidez & 0; sk H2K4.59 ppb)E EAtHFig.
9-b). € At 03 5, 8AF B+ O3 FEHIEZ
T35t o]ot H|HA| Vel o, SHE-E A9 o |t
03 &&= 4.07 ppb, 8A1ZF B4 03 5%+ 4.60 ppb
F55t Z+7F 3.62 ppb, 3.99 ppb &5t AFH}
2.83 ppb, 3.29 ppb A5 FFHol v viEwF A
Fofl 2 F3Fol A e

olgfet FF2 05 w8 of g HMFEE3I NO
9t NO,9| FZolAE FAFSHA UEHELTE Base case
9} Reduce case®] NO%}t NO, 5=5 HEH Fig. 10
oA & 4= %ol SHdS NO& NO, sk+= 242t
5.75 ppb, 5.08 ppb Z4stdoH, FHAS FAo
& 3 NO% NO,9 sk H4 -2 Fig. 8-coll Ye
W 059 FEF7F el o fAFSHA ol B4
219 9] viEsF Aol gt 0; & WSt wEY
NO; HiE=e] Exot Uy Ad-S 7HKtk= A& @
u|st= Aol

3, FRA0] 94T GETY A9 2 FH

1o

A 9(144.08 tons/yr/ki)ETt 63% &2 WY NO
E5(235.74 tons/yr/k)< UEFAAT, O3 5+
ZHEE e o 2 9E(4.96 ppb)ell HIs 59% WA
Z7kote] KAt Helld 7 22 05 sk ¥H2K2.03
ppb)E E St o] dik= FEof 9123 AQMS A
Aol AX7F YE A Hof| Ao FETol A Bl
5= NO, HiEZe 92 2 T3t (Fig. 3), 9
LY NO, HIEZ tii=o] Al #iE%(79.8%)!
ZolA 710, Adte] 93 NOS #il&2 3+ ¢
Sl FE =] A th7lell mlA]= o] 2F2 vy
L2olzeqe] oJgt NO, HiE2 2 7 99
A e 2ol A 7)o AHH o2 ks v
A & UH(Tiwari et al., 2015; Chlebowska et al.,
2019). & <AfollA Adte] ot HiEE Xt
Total Wi&=Ft WSl vt A2t Land Hi
E79) A9 wiEU el O; 5k I E o] At
AE A% A1t B 053 & HRHATAIS: 0.54),
A | O; F& HIHFTAIS 0.65), 8AIZF Hi 05
e BSHAIS 0.61) 25 Land BiE%T B =

B
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