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Abstract PM (Particulate Matter) forecasting system using inverse model based on the surface air quality measurements
in East Asia was developed and its performance was evaluated. The PM forecasting using inverse model showed a posteriori
PM, 4 emissions derived from inverse model decreased in Asian dust regions (R01, R02, R03, R04) and Southwestern regions
(RO8, R09), but increased in urban and industrial regions (R05, R06, R07) in East Asia. In the Korean Peninsula, a posteriori PM;,
emissions increased in most of regions except for Seoul and Incheon. The predicted PM,, without inverse modeling (CASE02)
is underestimated compared to the observations, and the forecasted PM;, with the inverse model (CASE05) showed an good
agreement with the measurements. The performance of PM forecasting model with inverse model also displayed that the
forecasting index (Accuracy (A), Probability Of Detection (POD), False Alarm Rate (FAR)) was improved in most regions in Korea,
compared to basic model without inverse model during 2017 and 2018. Therefore, the developed air quality forecasting
model with inverse model was improved the forecasting performance of PM;, and can be proposed as a representative PM;
forecast model in South Korea.
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Fig. 1. The model domains to simulate the air quality in
East Asia, Korea, Seoul Metropolitan Area region.
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Fig. 2. Locations of PM;, observation sites in China and Korea are denoted by circles. PM;, emission regions are divided into

20 source area (R0O1~R20) for inverse modeling.
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l:l Periods for estimation of chemical transport model

|:| Periods for estimation of air quality real-time forecasting (Day+1)

Fig. 3. Time table for air quality forecasting system with inverse model at 00UTC (09LST) and 12UTC (21LST).

Table 1. Model configure for PM,, forecasting.

Global weather Meteorological and

Anthropogenic
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Category forecasting data air quality model emission in East Asia emission in Korea Characteristics
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Prediction
Category Very
Good Moderate Unhealthy Unhealthy
Good al b1 cl d1
Moderate a2 b2 c2 d2
Measurement
Unhealthy a3 b3 8 d3
Very Unhealthy a4 b4 cl d4
[ 1: |, m: | |, V| |
Mtehods Formula
A: Accuracy = MWXNO(%)
POD: Probability of Detection =V 100%)
' ¥ (+1V) ¢
FAR; False Alarm Rate S (VI 100(%)
' (I+1V) °

Fig. 4. Items and methods for validation of performance of forecast model.

Table 2. Air Quality Index (AQI) of PM, in Korea.
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Fig. 5. The yearly PM,;, emission correction factors(a posteriori emissions/a priori emissions) with inverse model by regions

for 2017.
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Fig. 6. Time series plots of measured and forecasted daily concentrations using data inverse model for 2017.
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Table 3. A statistical summary of chemical transport model in predicting PM,, without and with data inverse model for 2017.

Region Classify Mean Obs. (ug/m?) Mean Model (ug/m3) I0A MBIAS (ug/m?3) NMB (%)
seoul CASE02 4920 075 536 12.23
CASEO5 43.83 46.62 0.88 2.79 6.36
CASE02 50.77 063 536 11.81
Incheon CASEO5 4541 51.23 0.76 582 12.83
) CASE02 39.66 071 -552 ~1221
Daejeon CASEO5 4517 40.11 0.85 -507 -1121
. CASE02 40.97 0.64 063 157
Gwangju CASEO5 4034 39.03 0.80 -131 -3.25
5 CASE02 . 3353 067 -10.18 -23.28
usan CASEO5 : 38.80 0.81 -491 -11.23

(d) CASE02_D02

(9) CASE02_D03

Fig. 7. The yearly PM;, spatial distributions of without and with inverse model and different map for 2017.
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Table 4. A categorical forecasts scores for performance of real-time forecasting without and with data assimilation for 2017.

A (%) POD (%) FAR (%)
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Table 5. A statistical summary for performance of real-time forecasting without and with data assimilation for 2017.

CASEO03 CASE04
Region
9 R I0A MBIAE NMB R 1OA MBIA? NMB
(ng/m?) (%) (ng/m?) (%)
Seoul 0.55 0.72 5.71 1239 0.71 0.82 4.66 10.11
Incheon 0.38 0.57 6.18 13.09 0.58 0.70 8.29 17.56
Southern Gyeonggi 0.50 0.70 -1.54 -2.94 0.68 0.81 1.50 2.86
Northern Gyeonggi 0.58 0.73 -10.46 -19.02 0.72 0.84 -3.35 -6.10
Western Kangwon 0.69 0.78 -9.63 -19.04 0.77 0.86 -5.58 -11.04
Eastern Kangwon 0.42 0.60 11.03 27.04 0.59 0.70 11.47 28.12
Daejeon 0.55 0.72 -6.00 -12.77 0.75 0.85 -3.42 -7.28
Chungbuk 0.65 0.79 1.95 4.25 0.77 0.85 5.54 12.09
Chunanam 0.33 0.55 -2.16 -4.41 0.60 0.75 0.03 0.07
Gwangju 0.41 0.62 0.1 0.26 0.64 0.79 0.62 1.47
Jeonbuk 0.48 0.67 -5.54 -10.99 0.70 0.83 -3.80 -7.54
Jeonnam 0.36 0.52 8.95 24.28 0.63 0.73 9.52 25.83
Busan 0.47 0.64 -8.96 -19.75 0.60 0.74 -2.93 -6.47
Daegu 0.56 0.73 -4.63 -10.72 0.66 0.79 1.73 4.00
Ulsan 0.49 0.66 -8.92 -19.89 0.63 0.77 -4.39 -9.79
Gyeongbuk 0.63 0.78 -3.96 -9.66 0.73 0.84 2.79 6.80
Gyeonnam 0.51 0.66 -10.15 -22.64 0.65 0.78 -5.71 -12.73
Jeju 0.58 0.66 -13.05 -35.09 0.74 0.77 -11.95 -32.14
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Table 6. A categorical forecasts scores for performance of real-time forecasting without and with data assimilation in spring

for 2017.
A (%) POD (%) FAR (%)
Region CASE04 CASEO4
CASEO3  CASEO4 - CASEO3  CASEO4 ; CASEO3  CASEO4 -
CASEO3 CASEO3 CASE03
71.91 79.78 30.77 53.85 63.64 36.36
: _ -27.27
seoul (64/89) (71/89) 787 4/13) (7/13) 23.08 7/11) @/11)
71.91 76.40 3333 60.00 50.00 35.71
. . -14.29
Incheon (64/89) (68/89) 449 (5/15) (9/15) 2667 (5/10) (5/14)
Southern. 70.79 71.91 112 26.32 47.37 21.05 4444 35.71 _8.73
Gyeonggi (63/89) (64/89) (5/19) (9/19) (4/9) (5/14)
Northern 58.43 73.03 vt 5.00 35.00 2000 66.67 22 .,
Gyeonggi (52/89) (65/89) (1/20) (7/20) @3) 2/9)
Western 67.42 82.02 0.00 3333 100.00 20.00
. . -80.00
Kangwon (60/89) (73/89) 1461 (0/12) (4/12) 33.33 ) (1/5)
Eastern 76.40 71.91 12.50 87.50 87.50 68.18
-4.49 75, -19.32
Kangwon (68/89) (64/89) (1/8) 7/8) >00 7/8) (15/22)
70.79 75.28 0.00 37.50 100.00 50.00
Daej 449 3750 -50.00
acjeon (63/89) (67/89) (0/8) 3/8) 3/3) (3/6)
79.78 84.27 16.67 50.00 75.00 57.14
X . -17.86
Chungbuk (71/89) (75/89) 4.49 (1/6) 3/6) 3333 (3/4) 4/7) 8
74.16 74.16 23.08 38.46 57.14 54.55
. . -260
Chunanam (66/89) (66/89) 000 (3/13) (5/13) 138 4/7) ©/11)
68.54 7865 2857 7143 60.00 28.57
- . _ -31.43
Gwangju (61/89) (70/89) 1011 @/7) (5/7) 4286 3/5) @/7)
67.42 70.79 35.29 4118 40.00 2222
. . -17.78
Jeonbuk (60/89) (63/89) 337 6/17) 717) >88 4/10) 2/9)
7753 76.40 0.00 75.00 100.00 66.67
-112 _ -3333
Jeonnam (69/89) (68/89) (0/4) 3/4) 75.00 (6/6) 6/9)
62.92 75.28 0.00 57.14 100.00 4286
. 7.14 -57.14
Busan (56/89) (67/89) 1236 0/7) @/7) > 2/2) 3/7)
66.29 75.28 0.00 75.00 100.00 50.00
: . -50.00
Daegu (59/89) (67/89) 8.99 (0/4) 3/4) 75.00 am 3/6)
66.29 80.90 12.50 50.00 50.00 3333
| 1461 7. -16.67
Ulsan (59/89) (72/89) 6 (1/8) 4/8) 3750 (1/2) 2/6)
73.03 80.90 0.00 75.00 100.00 40.00
. . -60.00
Gyeongbuk s g) (72/89) 787 (0/4) (3/4) 7500 (/) 2/5)
62.92 7865 0.00 50.00 100.00 50.00
. . -50.00
Gyeonnam (56/89) (70/89) 15.73 (0/4) (2/4) >0.00 am 2/4) >
. 47.19 56.18 1429 28.57 0.00 0.00
Jeju (42/89) (50/89) 899 1) /7 1429 /1) (0/2) 0.00
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Table 7. A statistical summary for performance of real-time forecasting without and with data assimilation in spring for 2017.

CASEO03 CASE04
Region MBIAS NMB
R I0A 3 R I0A MB'A§ NMB
(ng/m°) (%) (ng/m°) (%)
Seoul 0.41 0.61 -5.53 -9.24 0.76 0.85 -0.99 -1.66
Incheon 0.37 0.59 -7.56 -12.38 0.71 0.81 0.11 0.18
southern 037 057 -14.70 -21.67 074 0.84 -5.88 -8.66
Gyeonggi
Northern
. 0.43 0.57 -20.49 -29.99 0.80 0.86 -9.83 -14.38
Gyeonggi
Western 0.49 0.60 -17.38 -28.07 0.81 0.86 -897 ~14.49
Kangwon
E
astern 038 058 169 311 0.68 077 8.83 16.30
Kangwon
Daejeon 0.28 0.49 -12.69 -21.84 0.75 0.85 -6.25 -10.76
Chungbuk 0.43 0.63 -5.40 -9.60 0.82 0.88 2.20 3.91
Chunanam 0.29 0.49 -12.55 -19.78 0.71 0.83 -5.29 -8.33
Gwangju 0.42 0.56 -8.16 -15.35 0.78 0.88 -3.44 -6.47
Jeonbuk 0.38 0.56 -15.91 -24.16 0.77 0.85 -10.06 -15.28
Jeonnam 0.26 0.45 2.73 591 0.73 0.83 6.66 14.40
Busan 0.38 0.56 -14.53 -26.70 0.60 0.75 -5.73 -10.54
Daegu 0.39 0.59 -10.05 -20.26 0.69 0.78 -0.93 -1.88
Ulsan 0.38 0.56 -17.59 -31.15 0.68 0.78 -11.03 -19.53
Gyeongbuk 0.37 0.58 -8.23 -17.31 0.74 0.84 0.54 1.15
Gyeonnam 0.41 0.56 -16.18 -30.42 0.72 0.80 -9.48 -17.83
Jeju 0.48 0.59 -16.66 -35.10 0.77 0.78 -13.70 -28.86
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Table 8. A categorical forecasts scores for performance of real-time forecasting without and with data assimilation in winter

for 2017.
A (%) POD (%) FAR (%)
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Table 9. A statistical summary for performance of real-time forecasting without and with data assimilation in winter for 2017.

CASEO03 CASEQ4
Region
g ; o MBIAS NMB R o MBIAS NMB
(ng/m?) (%) (ng/m°) (%)

Seoul 077 079 15.13 30.59 075 0.83 7.47 15.10
Incheon 078 075 15.60 34.86 073 0.75 1133 25.11
southern 0.79 083 8.03 16.10 072 0.81 491 9.68
Gyeonggi
Northern

i 0.76 0.82 -6.72 -1047 0.70 0.81 -271 -412
Gyeonggi
Western 0.85 0.84 -10.63 -15.90 0.77 0.84 -8.58 -13.68
Kangwon
Eastern 0.69 072 10.08 34,07 061 0.69 10.83 3243
Kangwon
Daejeon 0.82 0.87 3.06 6.42 0.76 0.84 1.12 238
Chungbuk 0.83 0.85 9.64 2029 077 0.83 7.86 16.54
Chunanam 078 0.84 4.82 11.40 071 0.82 247 5.92
Gwangju 0.84 0.90 3.6 7.67 078 0.88 -0.68 -1.61
Jeonbuk 0.83 0.87 0.60 3.19 079 0.85 -1.84 -223
Jeonnam 0.84 0.79 11.88 3537 0.76 0.79 8.82 26.21
Busan 0.85 0.87 -7.03 -15.83 0.82 0.87 -5.94 -13.36
Daegu 091 095 0.81 1.90 0.83 0.90 289 6.45
Ulsan 0.85 0.90 -0.54 -0.90 0.82 0.89 038 138
Gyeongbuk 0.92 095 0.42 0.94 0.81 0.89 345 7.81
Gyeonnam 0.86 0.87 -591 -13.16 0.84 0.86 -596 -1337
Jeju 0.79 0.79 -8.41 -2532 0.81 0.76 -9.48 -28.52

oA 0%= 71 Rekom, A&29o] 87.50%% 7t
& =UTE PODE FAtA] Ao Aut AR des 2§
S+ CASE057}F 7HA == A& 1% 4= Uit

FARE AlE, did, S5, A, AlFA oA g
A& 483 CASE057 Aaste ZS Sl &4
Urt.

A And=-S 483 CASE05 G HEH -2 &
A3} ¥|1wste] CASE02 2@ 3} H|Wste] A, POD,
FARS] HAG7F 3A FEAA YehdA] 49k
.

9= 20179 AL, RAHS A8 oEEd
o] o2 (D +1) dlEztel thall BAB7HE e
Art.

Re} I0A= 2E 3389 AAYE FAEE ¥
7Vsh= A BEA], RE CASE027}F R 52| ool A
0.69= 7P Wetow, AEA| oA 0952 M =
Lt} CASE05= 95X GollA 0.612 71 Wk
on, Az o)A 0.842 7F &9kt RS A5

oS A Q)5 CASE027F A A Hof|A drdale
285+ CASE05 Bt} BA 57 =om mdo] =
g3t AAE dEdS Bt 2 -hsHA BAska Qivh

MBIASSE NMBy= Rt Z3ke] i a5
B7he el A EEA, NMBE CASE027F 5
2ol A 0.94%2 71 Srorown], HA] o] A
35.37%=2 7Y =UTE CASE05E 4Rz oo A
138%2 7P wokon], Z-ag s A el A 3243% 2
7V =5k

EA47} v|wste], ASHE JrEyS H85t
CASE057} CASE02X T} EA 52|71 JAEE Ao]

=217 LA ekl

3.2.2 2018 2T}
10220184, GRS 835t HRF o] o}
=2 (D+1) AEZl dslf dlE2]F F7lstoch
A= CASE027} 73 F-s A HollA 56.92%= 714
woton], A7|ER2H0] 75.89% % 71 =ttt

J. Korean Soc. Atmos. Environ., Vol. 34, No. 6, December 2018, pp.889-910



Table 10. A categorical forecasts scores for performance of real-time forecasting without and with data assimilation for 2018.

A%) POD(%) FAR(%)
Region CASE05- CASE05- CASEO5-
CASE02 CASEO5 Castos | CASEO2  CASEOs T CASEO2  CASEOS CASEOs
75.49 73.913 62.50 4375 58.33 63.158
Seoul -1.58 -18.75 483
cou (191/253)  (187/253) a0/16)  (7/16) (14240 (1219
73.91 74.704 50.00 50 7143 57.143
Inch 0.79 0.00 -14.29
neheon (187/253)  (189/253) 6/12) 6/12) (15/21) 8/14)
Southern 68.78 72.332 156 52,63 52,632 0.00 56.52 52.381 ata
Gyeonggi (174/253)  (183/253) 10/19)  (10/19) (13/23) (11721
Northern 75.89 75.099 079 58.82 41176 76 4118 50 .
Gyeonggi (192/253) (190/253) (10/17) (7/17) (7/17) (714)
Western 69.96 72332 . 21.05 26316 56 63.64 54.545 000
Kangwon (177/253)  (183/253) 4/19) (5/19) 7/11) 6/11)
Eastern 56.92 60.079 3333 50 90.00 88
1 16.67 -2.00
Kangwon (144/253)  (152/253) 316 (/6) 3/6) (18200  (22/2)5
66.40 73.518 37.50 4375 60.00 36.364
' : . -2364
Daejeon (168/253)  (186/253) 7 (6/16) 7/16) 6.25 (9/15) @/11)
69.57 76.285 50.00 56.25 55.56 50
: . -5.56
Chungbuk  176/253)  (193/253) 6.72 (8/16) (9/16) 2 (o) (9/18)
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7.91 . -3273
Chunanam 175,553 (199/253) ? 6/11) 6/11) 000 16/22) 4/10)
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Gwangj 237 0.00 -16.97
wangju (179/253)  (185/253) (7/15) 7/15) ®/15) @)
65.61 71.542 40.91 40.909 50.00 35.714
Jeonbuk 5.93 0.00 -14.29
conbu (166/253)  (181/253) (9/22) (9/22) (9/18) (5/14)
71.94 72.332 25.00 75 9231 80
) . -12.31
Jeonnam (182/253)  (183/253) 039 (1/4) (3/4) RN PV E R PYAIT
66.40 72.727 0.00 22.222 100.00 77.778
B 32 22.22 -2222
usan (168/253)  (184/253) 63 (0/9) 2/9) @/2) 7/9)
71.94 72.727 3333 44.444 40.00 60
Daegu (182/253)  (184/253) 079 3/9) 4/9) 1 2/5) (6/10) 2000
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G buk 474 9.09 16.67
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G 6.72 1429 -20.00
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Table 11. A statistical summary for performance of real-time forecasting without and with data assimilation for 2018.

CASEO3 CASE04
Region
9 . o MBIAS NMB R o MBIAS NMB
(ng/m?) (%) (ng/m°) (%)
Seoul 0.76 0.85 0.83 214 0.77 087 -0.92 -238
Incheon 0.76 0.82 3.28 8.79 0.79 087 130 349
southern 0.76 0.5 -3.15 -7.38 0.80 0.89 -3.16 741
Gyeonggi
Northern
. 0.79 087 -5.62 -1421 0.79 0.88 -3.76 -9.51
Gyeonggi
Western 077 085 -7.98 1970 073 083 -6.68 1647
Kangwon
Eastern 0.55 0.63 16.28 4813 057 0.65 1277 37.74
Kangwon
Daejeon 0.68 0.78 -9.38 -22.69 0.80 0.86 -8.29 -20.07
Chungbuk 073 084 -347 -8.40 077 087 -0.18 -044
Chunanam 067 0.77 014 038 0.82 0.90 -1.79 -4.72
Gwangju 0.58 0.71 -5.63 -14.46 067 0.78 -6.81 -17.51
Jeonbuk 0.62 0.74 -5.71 -13.69 081 0.87 -7.57 -18.14
Jeonnam 062 0.75 516 1538 0.71 0.80 5.90 17.60
Busan 0.74 0.76 -13.92 -33.79 0.75 084 -6.45 -15.66
Daegu 0.76 0.83 -8.68 -23.41 0.81 0.89 -267 -7.21
Ulsan 0.72 0.77 -12.67 -31.34 078 0.85 -7.43 -18.38
Gyeongbuk 0.75 0.79 -12.08 -20.42 0.69 0.82 -339 -8.26
Gyeonnam 0.70 0.72 -14.19 -35.18 073 0.80 -9.26 -22.95
Jeju 064 067 -16.46 -46.78 0.77 0.73 -16.49 -46.88
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