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Numerical prediction of major atmospheric pollutants over the Yangtze River Delta region driven by CMA-GFS. ZHOU
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Abstract: To enhance the independence and controllability of regional atmospheric environment numerical prediction and its
capability to support air quality forecast and air pollution warning, a CMA-GFS driving numerical prediction system (RAEMS-CMA)
was established and operationally implemented. This system was based on the NCEP-GFS driving Regional Atmospheric
Environmental Modeling System for eastern China (RAEMS-NCEP). The forecast effects evaluation on the major air pollutants over
the YRD region from July 4" 2023, to July 3™, 2024, was executed. Evaluation results showed that RAEMS-CMA had good
performance in forecasting the major air pollutants, e.g. correlation coefficients were generally over 0.7 and root mean square errors
were 30%~70% of corresponding observation means. The performance was consistent in different forecast lengths of 24h ~ 96h.
Further analysis indicated that the performance differs from air pollutants, with better skills in forecasting PM,s and Os. The
prediction of PM;, was underestimated, while the others were overestimated. It also showed better forecast capability over the north
region than over the south. The intercomparison indicated that RAEMS-CMA had slightly superior performance to that of
RAEMS-EC (which was driven by ECMWF) and accordant to RAEMS-NCEP, while their differences were usually less than 5%.
These results proved the applicability of CMA-GFS in numerical air quality prediction over the YRD region. At the same time, the
divergent performance in pollutants and regions suggests further efforts on technological improvements and application approaches
to numerical air quality prediction.
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Table 1 Options of physical and Chemical Schemes and treatment of anthropogenic and biogenic emissions
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Table 2 Differences of the three global weather predictions
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Table 3 Summarized forecast performance of major air pollutants over the YRD region
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PM,o 56 44 -13 21 -10 15 31 0.68 0.75 0.52 0.30

PM, 5 33 37 4 13 2 9 20 0.76 0.81 0.57 0.34

24 05-8h 103 128 25 31 21 24 39 0.79 0.93 0.76 0.49
05-1h 116 143 27 33 23 27 43 0.79 0.94 0.78 0.50

NO, 25 32 7 14 5 11 19 0.54 0.69 0.44 0.25
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72 05-8h 103 124 21 31 17 23 40 0.72 0.92 0.75 0.50
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Table 4 Correlation coefficients among evaluation indices of
PM, 5 and O;—8h 48h forecast

0;-8h

MB ME medB medE RMSE R FAC, FAC,;5 FAC, ;s

MB 097 1.00 096 096 -0.60 -0.90 -093 -0.94

ME  0.89 097 099 099 -066 -097 -098 -0.97

medB 099 0.87 097 095 -0.61 -090 -0.92 -0.94

medE 086 096 0.85 097 -0.66 -097 -097 -0.97

PM,s RMSE 088 098 0.86 0091 -0.65 -096 -0.97 -0.96
R 0.17 0.03 0.16 -0.04 0.08 070  0.73 0.76

FAC, -0.14 -0.18 -0.14 -036 -0.04 032 098  0.96
FAC,s 024 -026 -023 -042 -0.11 035 095 0.98

FAC,,; 028 029 -0.28 -046 -0.14 034 090 095
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Fig.5

Scattered daily concentrations of PM, 5 and O;-8h 48h forecast from RAEMS-NCEP and RAEMS-EC comparing to those

from RAEMS-CMA
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Table 5 Performance improvement of RAEMS—CMA 48h forecast to those of RAEMS-NCEP and RAEMS-EC

ARG Ei MB ME medB medE RMSE R FAC, FAC; s FAC 25
PM;o -1.4 0.1 -1.2 -0.2 0.0 -0.010 0.014 0.008 0.007
FHXF PM; 5 -0.4 0.6 -0.4 0.2 1.2 0.021 -0.006 -0.012 -0.006
NCEP-GFS 05-8h -2.1 -1.1 -2.1 -1.3 -1.1 0.001 0.002 0.009 0.015
X% Os-1h -2.1 -1.3 -2.2 -1.6 -1.2 -0.004 0.002 0.012 0.024
NO, 0.4 0.4 0.4 0.1 0.6 0.014 -0.007 -0.005 -0.008
PM;o 0.1 0.8 -0.4 0.2 1.3 0.022 -0.003 -0.011 -0.005
HI% ECMWE PM, 5 -0.2 0.6 0.0 0.2 1.0 0.024 -0.007 -0.011 -0.006
e 05-8h 0.5 0.2 0.7 0.4 0.1 -0.008 -0.001 -0.003 -0.002
; Os-1h 0.6 0.2 0.6 0.2 0.1 -0.011 0.001 0.000 0.001
NO, 0.1 0.3 0.1 0.1 0.4 0.016 -0.007 -0.004 -0.007
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Fig.6 Grade accuracy of 48h forecast driven by different
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