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A Development of Air Quality Forecasting System with Data
Assimilation using Surface Measurements in East Asia
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Abstract Air quality forecasting system with data assimilation system using surface measurements in China and Korea
was developed, and the performance of chemical transport model with data assimilation was validated and evaluated. The air
quality forecasting modeling using data assimilation show better agreement with observations for PM,,, PM, 5 and NO,
compared with model without data assimilation that was underestimated for PM;, and NO, and overestimated for PM, 5 in
Seoul metropolitan area, Korea. It is estimated that PM;, and NO, emissions in the Seoul metropolitan area were
underestimated in 2015. As a result of data assimilation using China's monitoring stations, different spatial distribution (with
data assimilation - without data assimilation) of PM,, concentrations in the Korean Peninsula showed to be increased PM;,
concentration in the West Sea because of long range transport from China to Korea. Therefore, it is suggest that data
assimilation using ground observations in China and Korea could improve emissions for prediction or forecasting in upwind
and local as well as performance of chemical transport model. The performance of air quality forecasting model with data
assimilation showed 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 data assimilation during 2017 and 2018. Therefore, the
developed air quality forecasting model with data assimilations was improved the forecasting performance of PM,, and
proposed as a representative PM;, forecast model in South Korea.
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Fig. 1. Conceptual diagram of data assimilation.
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Fig. 2. The modeling domains to simulate the air quality in East Asia, Korea, Seoul Metropolitan Area region.

Fig. 3. Locations of regional observation in China.
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Fig. 4. Locations of air quality monitoring station in Korea.
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Table 1.Time table for air quality forecasting system with/without data assimilation at 00 UTC (09 LST) and 12 UTC (21 LST).

Model ‘ Time ‘ Day-1 Day Day +1 ‘ Day +2 ‘ Day+3
00 UTC UTC 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06
Model
(09 LST) LST 09 15 21 03 09 15 21 03 09 15 21 03 09 15 21 03 09 15
12 UTC uTC - - 12 18 00 ©06 12 18 00 06 12 18 00 06 12 18 00 06
Model
(21 LST) LST - - 21 03 09 15 21 03 09 15 21 03 09 15 21 03 09 15
Table 2. Data assimilation configure for air quality forecasting system.
Domain Influence radius Measurements Vertical data assimilation Pollutant
Domain 1 55km China, Korea
Domain 2 28km Korea PBL PM,q, PM, 5, NO,, SO,, CO
Domain 3 10km Korea
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Characteristics

Anthropogenic Anthropogenic
emission in East Asia emission in Korea
MEIC (2010) Without data assimilation
2011 CAPSS
REAS (2008) With data assimilation
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Table 4. A statistical summary for performance of predicted PM;, concentrations using real-time forecasting without and
with data assimilation for 2015.

Region Classify Mean obs. Mean model I0A MBIAS RMSE NMB
J (hg/m?) (hg/m’) (ug/m?) (ug/m?) (%)

Seoul CASEO3 44,98 33.57 0.58 -11.42 36.96 -25.38
CASEO4 4498 44,54 0.78 -0.45 29.77 -0.99
Incheon CASEO3 51.35 35.18 0.57 -16.18 37.05 -31.50
CASE04 51.35 49.82 0.83 -1.54 25.62 -2.99
Gyeonaai CASEO3 52.02 32.58 0.57 -19.44 38.64 -37.36
4 99 CASEO4 52.02 4791 0.82 -4.11 27.19 -7.90

Table 5. A statistical summary for performance of predicted PM, 5 concentrations using real-time forecasting without and
with data assimilation for 2015.

Region Classify Mean obs. Mean model 1OA MBIAS RMSE NMB
9 (ug/m?) (ug/m?) (hg/m’) (ug/m?) (%)
Seoul CASEO3 22.92 24.79 0.67 1.87 15.22 8.15
CASE04 22.92 25.02 0.84 2.10 9.59 9.16

Table 6. A statistical summary for performance of predicted NO, concentrations using real-time forecasting without and
with data assimilation for 2015.

Region Classif Mean obs. Mean model 1OA MBIAS RMSE NMB
E Y (ug/m?) (ug/m’) (ug/m?) (ug/m?) (%)
seou CASE03 0.0320 0.0249 0.72 ~0.0071 0.0120 -2232

CASEQ4 0.0320 00324 0.88 0.0004 0.0087 113

ncheon CASE03 0.0262 00213 0.71 -0.0050 0.0104 -18.90
CASEQ4 0.0262 0.0257 0.88 -0.0006 0.0070 -212

eonai CASE03 0.0287 0.0187 0.64 -0.0100 0.0127 -34.73
yeongg CASE04 0.0287 00263 0.91 -0.0025 0.0063 -851
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Fig. 16. A categorical forecasts scores for performance of real-time forecasting without and with data assimilation in spring
for 2017.
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Fig. 17. A statistical summary for performance of real-time forecasting without and with data assimilation in spring for 2017.
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Fig. 18. A categorical forecasts scores for performance of real-time forecasting without and with data assimilation in winter
for 2017.
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Fig. 19. A statistical summary for performance of real-time forecasting without and with data assimilation in winter for 2017.
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(c) False alarm rate (%)

Fig. 20. A categorical forecasts scores for performance of real-time forecasting
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