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Abstract In this study, we estimated contributions of foreign and domestic emissions to the annual mean PM, 5

concentration in Gyeongbuk for 2016 using Comprehensive Air Quality Model eXtensions with Particulate Source
Apportionment Technology. For the detailed analyses on the domestic contributions, self- and inter-provincial contributions as
well as intermural contributions among twenty-two local authorities, excluding Ulleung, in the province were estimated based
on the CAPSS 2016 emissions inventory (El). The simulated annual mean PM, s concentration in Gyeongbuk was 20.9 ug/m? for
the year. The domestic contributions to the annual mean PM, 5 concentrations over the local authorities ranged from 3.6 to 13.7
ug/m?. Provincial self-contribution to the annual mean PM, 5 concentration in Gyeongbuk was 3.6 ug/m?, explaining 44% of the
domestic contribution. It implies that collaboration with neighboring provinces is essential to improve the air quality over
Gyeongbuk. The contributions of Chungnam and Gyeonggi to the annual mean PM, 5 concentration in Gyeongbuk were 1.0 ug/
m? and 0.8 pg/m3. Among 22 local authorities, Pohang showed the highest emission rates of PM, s-related air pollutants, and
thus the highest local authority-level self-contribution. However, the annual mean PM, 5 concentration in Pohang was over-
predicted by 61.8 ug/m3. Compared to the El-based contribution, adjusted PM, 5 self-contribution of Pohang using the ratio
between the observed and simulated concentrations was reduced by 55%. Considering the over-prediction, especially over the
hot-spot area, the emissions inventory used in air quality simulations for the purpose of air quality management should be more
thoroughly evaluated prior to analyzing the source-receptor relationship.
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PM,; =5 N5k Sit vilEd 4, B 222k
A 5 71 HE7 A&A 02 D sl (Kang et
al., 2021b; Kim et al., 2018a).
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Fig. 1. Geographical locations of (a) Gyeongsangbuk-do, and (b) the targeted 22 local authorities in the province. Ulleung
island is excluded in this study. The blue circles are urban Air quality Monitoring Stations (AMS). The black triangles are the
Automated Synoptic Observing System (ASOS) stations. The red triangle is the Youngnam supersite.
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Fig. 2. Annual emissions of (a) SO,, (b) NOx, (c) NH3, and (d) PPM, s are released from 22 local authorities in Gyeongsangbuk-
do based on the CAPSS 2016 emissions inventory. Emissions of pohang are multiplied by 0.2.

2 a9} -24to] AL Hs|| Z4zF 214, 1.28) =
™, 7719] S0, W& 5 ] 40%= Sk

9 F92] NOx Hi&E3-2 75 o] 1.94, 1.244
ko, NH;; T A9 5 5ol vl 148 =
At 53], ET A7 AEC] SR e $1x]5t
7] 2] ST} A4719] siEo] FE9] PM,; F=
of uX&= FFo] 2] %S AL
3370 A ZA|3] =2]5tAct.

N
° =

b

2 AtrdEH ol

3.2 =2 & =L PM,;5 7|0iSE

7dEo] AE= BE Azt gt 2016'd AEF
PM, s & 20.9 ug/m’= B2ALEQICE 712 R|A1A|
A2 = T} oA 25.5 pg/m’, 24.6 pg/m’= 7t
=7 =olon, xe] AR SAH A= PM,;
UEEEE 3~4H] 21} BARSHGITE ofof] Hjgh =2

10

= 3.7780 A ZHA15] AE5k3lTt
o] A PM, 5 F=ol tigt 5¢] 7o
12.9 pg/m?* (62%) 2 BAFE|RITE Q] 7|5 E 7|
Z AR Ar R, 2= 144 pg/m’ = 7
5 gatol vlsh 129 E3tom, AHor FE F
Zof YAt SHANME 11.3 pg/m’ 2 HE Bt oy
Tyl 20| O ujZekn} WAEO)
FFo= Qlste] Hlw 2] F=3} 7Pk A& AEo
AR 712 A2 A 2] Z]ol st A o2
=otth( 1™ S1) (Bae et al,, 2020). thih, €] 7o
T o8-8 HiEE=el whet gebd 5 Qltt (Bae et
al., 2018; Bae et al., 2017a; Kim et al., 2017b).
FAE A A9 A PM, ;5 sl g =4 7]
oFEE 8.1 pg/m’ = e T3 A& 7] % 2|2t
A = 7195Es

13% S L]—O]—

3.6 ug/m’ (ZF7)~13.7 ug/m’

=71 stE|x| M 38 H M 25



20163 ZUHIESZE

30

7|8 XIXHIE Z0[MIX| 7|0 24: (IX) BE==

25

20

15

10

5

PM, ; Concentrations (pg/m’)

0

& & S &

& 9

&

R Y
& & o‘° & o & S T
& & o*é‘ G & 0\3"“(‘}“ «.,010& & L&

M Foreign @ Domestic

Fig. 3. Domestic and foreign contributions to the annual mean PM, 5 concentrations in 22 local authorities of Gyeongsangbuk-

do during the simulation period of 2016.
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Table 1. Source-receptor relationships of the annual mean PM, 5 concentrations among 22 local authorities in Gyeongsangbuk-do during the simulation period of 2016.

Andong
Mungyeong
Sangju
Gimcheon
Gumi
Chilgok
Gunwi
Goryeong
Sungju
Gyeongsan
Yeongcheon

Pohang

Receptor

Gyeongju
Cheongdo
Cheongsong
Yeongdeok
Yeongju
Yecheon
Uiseong
Bonghwa
Yeongyang
Uljin

Unit: pg/m?*

Source
=3 c § g < =2

= & . F ¢ . F 2 B % 2B % P iz op

< = n [G] O U C) O A ) > a G) U U > > > =) o) > =)
1.3 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.1 0.0 0.2 0.2 0.2 0.1 0.0 0.0
0.1 0.9 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.3 0.1 0.0 0.0 0.0
0.1 0.2 1.5 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0
0.0 0.0 0.1 1.7 0.4 0.1 0.0 0.0 0.1 0.0 0.1 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 04 0.4 - 0.3 0.2 0.0 0.1 0.0 0.1 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
0.0 0.0 0.2 0.4 1.4 1.6 0.1 0.1 0.2 0.1 0.1 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
0.1 0.1 0.3 0.1 0.7 0.2 1.1 0.0 0.0 0.0 0.2 0.6 0.1 0.0 0.0 0.0 0.0 0.0 04 0.0 0.0 0.0
0.0 0.0 0.1 0.2 0.3 0.2 0.0 1.3 0.4 0.1 0.1 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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0.0 0.0 0.1 0.1 0.2 0.1 0.1 0.0 0.0 0.1 0.4 1.5 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
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Fig. 6. Self- and inter-provincial contributions to the annual mean concentrations of (a) sulfate, (b) nitrate, (c) ammonium,
and (d) PPM, 5 in 22 local authorities of Gyeongsangbuk-do during the simulation period of 2016.
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Table 2. Source-receptor relationships of the annual mean nitrate concentrations among 22 local authorities of Gyeongsangbuk-do during the simulation period of 2016.

Andong
Mungyeong
Sangju
Gimcheon
Gumi
Chilgok
Gunwi
Goryeong
Sungju
Gyeongsan
Yeongcheon

Pohang

Receptor

Gyeongju
Cheongdo
Cheongsong
Yeongdeok
Yeongju
Yecheon
Uiseong
Bonghwa
Yeongyang
Uljin

Unit: pg/m?*

Source
2 c § g < =2
g 5 £ ¢ E 2 £ ¢ € &8 5 £ &8 2 2 §5 5 g5 § £ 5 £
< = n [G] C) U C) O A ) > a G) U U > > > =) ) > =)
0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Supplementary Materials
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Fig. S1. Contribution of (a) foreign and (b) domestic emissions to the annual mean PM, 5 concentration over Gyeongbuk in 2016.
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Fig. S2. Contributions of (a) Gyeongsangbuk-do (GSBD), (b) Chungcheongnam-do (CCND), (c) Gyeonggi-do (GGD), (d)
Chungcheongbuk-do (CCBD), (e) Gyeongsangnam-do (GSND), (f) Ulsan, (g) Jeollanam-do (JLND), and (h) Daegu to PM, 5 con-

centration over Gyeongbuk in 2016.
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Fig. S3. The wind roses in (a) Winter, and (b) Summer at meteorological station over Gyeongbuk in 2016.
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Fig. S4. Contributions of GGD, CCND, CCBD, Ulsan, GSND, Daegu, and JLND to the monthly mean concentration of (a) sulfate,
(b) nitrate, (c) ammonium, and (d) PPM, 5 over Gyeongbuk in 2016.
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Fig. S5. Time series and scatters of the simulated and the observed daily mean concentration of (a) NO,, (b) SO,, and (c) PM, 5
at urban air quality monitoring sites in Gyeongbuk during the simulation period of 2016. Red line and black dots represent
the simulated and observed values in the time series, respectively.
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