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Evaluation of the Simulated PM, . Concentrations using

Air Quality Forecasting System according to Emission
Inventories - Focused on China and South Korea
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Abstract

Emission inventory is the essential component for improving the performance of air quality forecasting system.
This study evaluated the simulated daily mean PM, ; concentrations in South Korea and China for 1-year period
(Sept. 2016~Aug. 2017) using air quality forecasting system which was applied by the emission inventory of
E2015 (predicted CAPSS 2015 for South Korea and KORUS 2015 v1 for the other regions). To identify the
impacts of emissions on the simulated PM, ;, the emission inventory replaced by E2010 (CAPSS 2010 and MIX
2010) were also applied under the same forecasting conditions. These results showed that simulated daily mean
PM, s concentrations had generally suitable performance with both emission data-sets for China (IOA>0.87,
R >0.87) and South Korea (I0A >0.84, R>0.76). The impacts of the changes in emission inventories on simulated
daily mean PM, 5 concentrations were quantitatively estimated. In China, normalized mean bias (NMB) showed
5.5% and 26.8% under E2010 and E2015, respectively. The tendency of overestimated concentrations was larger in
North Central and Southeast China than other regions under both E2010 and E2015. Seasonal differences of NMB
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were higher in non-winter season (28.3% (E2010)~39.3% (E2015)) than winter season (—0.5% (E2010)~8.0%
(E2015)). In South Korea, NMB showed —5.4% and 2.8% for all days, but —15.2% and — 11.2% for days below
40 pg/m® to minimize the impacts of long-range transport under E2010 and E2015, respectively. For all days,

simulated PM, 5 concentrations were overestimated in Seoul, Incheon, Southern part of Gyeonggi and Daejeon, and

underestimated in other regions such as Jeonbuk, Ulsan, Busan and Gyeongnam, regardless of what emission

inventories were applied. Our results suggest that the updated emission inventory, which reflects current status of

emission amounts and spatio-temporal allocations, is needed for improving the performance of air quality

forecasting.
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=4 B7IE ¢5le] NMB (Normalized Mean Bias),
RMSE (Root Mean Square Error), IOA (Index Of
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O, is the observed concentrations for ith observation,
and M, is the model estimated concentrations, N is the

total number of data.
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Fig. 1. Spatial coverage of the outer coarse domain (27 km resolution) for East Asia and the finer domain (9 km resolu-
tion) for South Korea. Location of the measurement stations (red dots) for China and South Korea with regional
definitions are shown on the study area (NEC: North East China, NCC: North Central China, SCC: South Central
China, SEC: South East China, OTC: OTher China, HEIL: Heilongjiang, JILI: Jilin, LIAO: Liaoning, BEIJ: Beijing,
TIAN: Tianjin, HEBE: Hebei, SHND: Shandong, HENA: Henan, JINU: Jiangsu, SHAN: Shanghai, ANHU: Anhui,

ZHEJ: Zhejiang, JINX: Jiangxi, FUJI: Fujian, IMON:

Inner mongolia, SHNX: Shanxi, NINX: Ningxia, SHAA:

Shaanxi, HUBE: Hubei, HUNA: Hunan, GUAH: Guangdong, GANS: Gansu, CHON: Sichuan & Chonggqging GUIY:

Guizou, GUAX: Guanxi).
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Table 1. Model configurations for WRF and CMAQ in this

study.
WRF
Model version WRF v3.4
MET input UM (Unified Model)
Micro physics WREF Single-Moment 3-class scheme

RRTM scheme
Goddard shortwave
NOAH (Chen and Dudhia, 2001)

Longwave radiation
Shortwave radiation
Land surface

PBL scheme YSU (Hong et al., 2006)
CMAQ

Model version CMAQ v4.7

Chemical mechanism  SAPRC99

Aerosol module AEROS5

Chemical solver EBI
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Table 2. List of emission inventories used in this study
for air quality simulations.

Emission inventory

Advection scheme YAMO .
Horizontal diffusion Multiscale Northeast Asia South Korea
Vertical diffusion Eddy E2010 MIX 2010 CAPSS 2010
Cloud scheme ACM E2015 KORUS 2015 Ver.1 CAPSS predicted for 2015
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Fig. 2. Comparison results of anthropogenic emissions with major source contributions between predicted (year 2015)
and base (year 2010) inventories for (a) China and (b) South Korea, respectively. CAPSS 2015p indicates predict-
ed inventory for the year 2015 from CAPSS 2012 (POW: Power generation, IND: Industry, RES: Residential &
Agriculture, TRA: Transportation, WBPM: Wind Blown PM).

D71 A A 34 A A2 &



7)Ao A A" g HEEE

7H4 9l Abe] (RES)S-EolA] 242} 88%, 78% $E02
27 AABHEA FulEFo] AA AAH ek NOKY]
A% AQYEE(IND)TH LAEE (POW)o] 4 KORUS
2015 vio] Z+zt oF 62%, 67% 42202 A AAEY
on, o] 50 AY(TRAY) ZAS 1.7 2A 4739
o} VOC2Q] 7$ KORUS 2015 vloA] AFEE (IND)
oA 61% FEO2 A, o] F LAY (TRA)Y H$-
188 =LA AASEA FujETe) Zass AYRE
e Roz BM

2] AL CAPSS 2015 vl A uj&E-20] CAPSS
20109) PM,; W} &2 u] of 74%2 2 Eo 2 27}
gom, ol 20114 o|% FAIHel PM,; WjEo| 4
AHEWA 22 AR (YA AT AR
Az 94, B4E3), 718 © AEFEEEAY A
2, %9 W ABR ALY BjEgo] wste Zoz
QIEITH(NIER, 2014). VOCE] 72 2015 A} S ko]
A ek 20% w2 HWiEFS AASHELH, gEE 714
9 FAFE-ERES)Y 7t 71918ttt ol vi&=F
9] F7tETHE= ke HAQ BF4] viEAe] HEA
a4 BE WiEFo| FHEHEA F2 F7HEH AR
gelgth. NOy HETe] A9 % oF 392 tha Z7}
sgon, F 200 2L WHRE (POW, CAPSS 25
U4k Aol A oF 138 Z7Hste7] W A
o= olEr} o] 20159 ZAMIE A T
A 20124 o] F A5 6% AH<FAY 5o FFE W

ol 7]Q1gt Aoz Helrh. SO0 VOC vi&FS
WSS HolA] gttt

a9 32 £ a7l #8849 wEAHALEE F6
A mddY wiE AR 47 HEee $3Y
Sl dis) =dE= yetd Aolth. S A%
CAPSS 20103} CAPSS 2015 FA &% nF fHe
B HES AR UERden, NOkE Alejet o+
+ g W7k 32 3t NOKe| 4% Ad 713ho]
7P E31, o580 b F71shs HEE 2 o
€ NOk9| F HiEHoln] A&dd 7 &L, 954
o & Frleke HMSE Hole olv2dd RER
AL F7Iehs AR & st g A
S = Foldn.

=9 7% SO.% NOxe AEE g9 vjgd 2
Atel= §lou, PM, ¢k VOC &2 Aol &7

al,
o

of W PM,; 29 45 B7t-FF R A=5E SHeR 311

st AR F HiEgRs 2% sty Qo F
HESEE0|A PM, 7} ALE0] dH]&o] =2 olf-
£ B Al vg 7 2 AYRERES)S] ]
£o| Ao W& Aot} o]= AZH Y 2 5

2 ggo] vtgd AoE wod. oyt KORUS
2015 viel A& 718 9 AAREY AT AlF
(USEPA, 2008)= AZdEZ 25L& £ o1}, MIX
20109 A4 19 7MY =2 WiEdS T36iaL 4¢
7HA] Zrad o], thA] 11YHE F7ek= oiE (Li e
al,,2017) 22 oo o2 994 ¥ fd& &858
. NH, Y 3¢ F HiE5s 25 ALF gouh, 7}
A =2 wj&g2 MIX 20102 o]E23, KORUS 2015
vl B3] ggsts Aol Eth NH,9 4 W
3ko] £ A9 FHIEES BF FUREAY HE
A-go|u}, KORUS 2015 vio| H-&H At FAs=
2529 nEa H® H§ Al7]E 3~6YE, MIX 2010
9 AL F8 AE S, Y IF AVE 6Y, F
7h HE HE A7|E 8YE §rFEel whel(Huang er
al.,2012) Z}o| 7} AYgt Ao 2 FA g}

3.2 X|g9E ST Hat

19 4= 2 479 7= viEF (E2010) Hiy]
FAMEF (E2015)9 = AL, =W Al=E o4
HES SEEE YEid Aolth. $=9 NHy& H7&
o] Z|9fAl KORUS 2015 v1 A&7 A 4H4
st glen, F= SEAEAA dgEHE F5
(NCC) 29| 7-¢- MIX 2010 tjH] AR 22 B
ATt 2, PM, 59} SO,, NOy, VOC= S= 549
of djs] MIX 2010 gjH] VOC 1.18} o]AF, PM, ¢} SO,
€ 15 o] w2 wiEHE AAS e, 19
A B9 2EE S Fol7t tEA YEidth
PM, 9| 4¢ &= 5 (NEC), TH(NCO), 3¢
(SCO), & (SEO)AY & = FHof A A
< §1F2 MIX 2010 HH] HjE&Fe] F7HstRem,
SO, HA] FARSIY AHE/d (SHND) 2|99 Hj&72
Hasto] AolE HAT VOCY ¢ FEHASS Al
ot U A] et QA oM BF s,
NOk9| 7% 29 =rQl W A|Q &, FH/AGL g
AGoMnt S7Hd 23 Yefigieh. =9 =4
o sz FEA LS NHE Aot tiii &
o] F7te] w2t KORUS 2015 v1 A& 283

J. Korean Soc. Atmos. Environ., Vol. 34, No. 2,2018



312 F71E - A8A - oA - FYIE - o]erE - 0] 83 - WA - A - AU - AR - £AE - HeH - FFE
China South Korea
0.14 0.14
0.12 0121
0.10- 0.10 -
2 o008 2 008 Q..Q.-o-—o—-O—‘o“O‘"O‘-o-—o—o-—-Q
© ©
T 906 * 0.06
0.04 0.04
- m=MIX 2010 ; -®~-CAPSS 2010
0.027 pm 0.02] pPM
25 —O—KORUS 2015 25 —O—CAPSS 2015p
0.00 — 0.00 ‘ ‘ ‘ ‘
0.14 0.14
Otz 0.12°
0.10 - 0.10°
o o T ~v—oog oo o o
o 0.08" L = = o 0.08
5 5 ]
o 0.06 o 0.06
0.04 0.04
1 =®=MIX 2010 ] =®=CAPSS 2010
0.021 SO 0.027 SO
2 —O—KORUS 2015 ] o —O—CAPSS 2015p
0.00 : et 0.00 . —
0.14 0.14
0.12 0.12
0.10 0.10-
-
= %
o 008" = = --=- - o 0.08]
© T
o 0.06" @ 0.06
0.04 - 0.04
002] NOx =-®=MiX 2010 0027 NOx -#8=CAPSS 2010
—O—KORUS 2015 —O—CAPSS 2015p
0.00 ‘ 0.00 ‘ - -
0.14 0.14 7
012 012
0.10° 0.10°
o 008 o 0.08° o000
& 006 & 0.06]
0.04- 0.04
; =-®=MIX 2010 1 ~-B=CAPSS 2010
0.027 VvOC 0.027 VOC.
s —O—KORUS 2015 ] N —O—CAPSS 2015p
0.00 " 0.00 — r
0.14 0.14
0.12 0.12
0.10 0.10
o 0.08 ° 0.08 DMM
& 006" & 0.06
0.04 0.04 |
-®=-MIX 2010 -#®=-CAPSS 2010
0.021 NH 0.027 NH
_ 3 —O—KORUS 2015 1 3 —O—CAPSS 2015p
0.00 : : 0.00 : ; ; )
Jan Feb Mar Apri May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apri May Jun Jul Aug Sep Oct Nov Dec
Fig. 3. Comparison of monthly variations of PM,;, SO,, NO,, VOC and NH, emissions between predicted (year 2015)

and base (year 2010) inventories over China and South Korea.
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Fig. 4. The rates of change of PM,;, SO,, NO,, VOCs and NH; from E2010 to E2015 (E2015/E2010) for each 1st-level
administrations in China and South Korea (Sejong city is excluded in this analysis because of newly established

in 2012).
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—11.2%2 29 4% =7} YFHo=2 #5 oy
QA o S38kar glew, ARkAQl A Hi & (E2015)
S7F 23k, E2010 t¥] 59 237} tha gt Ao
2 HY @A =Y Y 2AE HEeE £ 1, 7]
& E H7E mdof o3 2Rt A S wiE
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Table 3. Performance statistics by Winter and Non-winter
seasons over China.

Azt

4.2 XIHE oIS B}

a9y 72 BEthE) BY o Aol i NMBE
23 A8, Y AR ded Rolth. 37 55
% (NEC)®] 79, |01 844 (HEIL)S] o2 Axprt
E2010, E2015 2% —30% o|5l2 TAB715tn Q).
T} ol RAe BY ErjelY] FRE AW
X Aoz, Kk FIAY BHE SSAE =n
o AARAY JaFe AU 1T 4 Yk
49l Aol Wag Ao wuHc ARdos

Table 4. Performance statistics for modeled daily mean

E2010 E2015 PM,; concentrations below 40 ug/m?® over South
. . R . Korea.
Winter Non-winter Winter Non-winter
E2010 E2015
OBS 82.6pug/m’  420ug/m’ 82.6pug/m’  42.0pug/m’
MOD  82.1ug/m* 540pg/m*  89.1ug/m*  58.5ug/m’ OBS 229 pg/m’ 224 pg/m’
NMB -0.5% 28.2% 8.0% 39.3% MOD 19.4 pg/m’ 19.8 ug/m’
RMSE 119pg/m® 16.6pg/m® 14.1pg/m*  20.5pug/m’ NMB -152% -112%
I0A 0.95 0.74 0.94 0.69 RMSE 7.6 pg/m’ 7.8 ug/m’
R 092 0.71 0.90 0.73 I0A 0.81 0.79
- R 0.71 0.66
Winter: December, January and February
E2010
Winter Spring Summer Autumn

E2015

Winter Spring

Summer

Autumn

Fig. 6. The contribution of component species for model simulated PM,; concentrations for each seasons over China
(EC: Elemental Carbons, OA: Organic Aerosols, SO,: Sulfate, NO,: Nitrate, NH,: Ammonium, OTH: Other PM,

species).
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Fig. 7. The annual mean bias of model estimated concentration represented as NMB for each 1st-level administrations
over (a) China and (b) South Korea (SU: Seoul, IC: Incheon, GGN: Gyeonggi-Northern, GGS: Gyeonggi-Southern,
DJ: Daejeon, CB: Chungbuk, JB: Jeonbuk, GJ: Gwangju, JN: Jeonnam, DG: Daegu, GB: Gyeongbuk, US: Ulsan,

BS: Busan, GN: Gyeongnam).
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