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A Study on How to Generate High Resolution O3, PM10, and
PM2.5 Data using Numerical Model and GIS in Busan
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Air Quality Monitoring and Assessment Team

Abstract

The purpose of this study is to improve the hourly prediction results of O;, PM10, and PM2.5 from
the air quality diagnosis and evaluation system operated by the Busan Institute of Health and
Environment in real time. The air quality diagnosis and evaluation system is based on the
photochemical numerical model, CMAQ and includes a 3-day forecast at the end of the model's
calculation. The photochemical numerical model basically includes uncertainty due to uncertainty of
input data and simplification of physical and chemical processes. To overcome this uncertainty, this
study applied SVM, a machine learning technique, to the results of the numerical model. As a result
of applying SVM, the R* of the model was significantly improved compared to before application, with
O3 from 0.30 to 0.69, PM2.5 from 0.27 to 0.65 and PM10 from 0.16 to 0.55. RMSE, which means the
model error rate, was also significantly improved with O3 0.010 ppm, PM10 12,9ug/rn3, and PM2.5
7.5ug/m3 compared to 0.017, 22, and 14 before application.
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Table 1. Grid configurations of modelling system
Model domain Grids information
Domain1 174 X 128 X 27km
Horizontal grids Doma%nZ 67 x 82 X 9km
Domain3 83 X 83 X 3km
Domain4 78 X 70 X lkm
Vertical levels sigma levels 1.000, 0.995, 0.990, 0.985, 0.970, 0.950, 0.930, 0.910,
0.880, 0.840, 0.800, 0.740, 0.700, 0.600, 0.450, 0.000

I
5

domain3ia

domain1

Fig. 1. Modeling domain for air quality diagnosis and evaluation system. Upper part shows locations of domain1
to domain3, lower part shows geographical features of domaind and locations of air quality monitoring stations.
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Table 2. Descriptions of model configurations

WRF physics options

» Microphysics option : WSM 6-calss graupel

» Long wave radiation : RRTM

» Short wave radiation : Goddard

+ Surface layer scheme : MM5 similarity

» Land surface scheme : Noah Land Surface Model
» PBL scheme : YSU

+ Cumulus parameterization : Kain-Fritsch

CMAQ options

» Horizontal advection : YAMO

» Vertical advection : WRF

» Horizontal diffusion : Multi-scale
» Vertical diffusion : Eddy

» Gas-phase chemistry : CB5

» Aerosol chemistry : AE5

* Dry deposition : M3Dry

WRF

SMOKE
Sparse Matrix Operator Kernel
Emission
POINT
AREA
MOBILE
BIOGENIC

Weather Research and
Forecasting
GEOGRID
UNGRIB
METGRID
REAL
WRF

GFS CAPSS

UM ASIA

Emission
input data

Meteorological
input data

[ J |

CMAQ

Regional scale model

Fig. 2. Schematic diagram of the procedure in air
quality diagnosis and evaluation system.
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Fig. 3. Schematic diagram of the forecasting time table in the air quality diagnosis and evaluation system.
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Table 3. Performance of hourly predicted 03, PM10, and PM2.5 from CMAQ model using GFS and UM meteorological

input data
MB RMSE R2

day day+1 day+2 day day+1 day+2 day day+1 day+2

O3 0.006 0.007 0.007 0.017 0.018 0.018 0.30 0.28 0.27

GFS PM10 -9 -10 -10 20 21 21 0.20 0.18 0.15
PM2.5 1.1 0.6 0.2 13 13 13 0.30 0.28 0.24

O3 0.007 0.007 0.007 0.019 0.019 0.019 0.30 0.29 0.27

UM PM10 -9 -9 -9 20 20 20 0.19 0.17 0.18
PM2.5 1.0 1.0 0.7 13 13 13 0.28 0.27 0.27

Table 4. Performance of daily mean predicted 03, PM10, and PM2.5 from CMAQ model using GFS and UM

meteorological input data

MB RMSE R?

day day+1 day+2 day day+1 day+2 day day+1 day+2

O3 0.006 0.007 0.007 0.013 0.013 0.013 0.32 0.31 0.30

GFS PM10 -9 -10 -10 15 16 16 0.40 0.37 0.31
PM2.5 1.0 0.6 0.2 9 9 10 0.48 0.45 0.38

O3 0.008 0.008 0.008 0.014 0.015 0.015 0.33 0.31 0.30

UM PM10 -9 -9 -9 15 16 15 0.38 0.35 0.37
PM2.5 1.0 1.0 0.6 9 9 9 0.44 0.42 0.44
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Table 5. Performance of prediction by concentration grade using GFS meteorological input data

GFS
very unhealthy unhealthy moderate good total
=0.151 very unhealthy 0(0%) 5 1 0 6
>0.091 unhealthy 3 104(39%) 162 0 269
=0.031 moderate 0 74 3,844(98%) 2 3,920
=0 good 0 0 75 (3%) 77
Os(ppm) total 3 183 4,082 4 4,272
=76 very unhealthy 0(0%) 1 0 0 1
0 =36 unhealthy 0 133(56%) 92 11 236
B >16 moderate 0 177 1159(69%) 350 1686
S =0 good 0 9 410 1614(79%) | 2033
PM2.5(ug/m”) total 0 320 1661 1975 39856
=151 very unhealthy 0(0%) 0 0 0 0
=81 unhealthy 0 0(0%) 27 5 32
=31 moderate 0 0 577(37%) 988 1565
=0 good 0 0 81 22778(97%) 2359
PM10(ug/m°) total 0 0 685 3271 3956
Table 6. Performance of prediction by concentration grade using UM meteorological input data
UM
very unhealthy unhealthy moderate good total
=0.151 very unhealthy 0(0%) 5 1 0 6
=0.091 unhealthy 1 131(48%) 142 0 274
=0.031 moderate 0 219 3728(94%) 4 3951
=0 good 0 0 68 9(12%) 77
Os(ppm) total 1 355 3939 13 4308
=76 very unhealthy 0(0%) 1 0 0 1
0 =36 unhealthy 0 113(49%) 105 14 232
B =16 moderate 0 183 1178(69%) 342 1703
S =0 good 0 18 492 1542(75%) 2052
PM2.5(ug/m”) total 0 315 1775 1898 3988
=151 very unhealthy 0(0%) 0 0 0 0
=81 unhealthy 0 0(0%) 28 4 32
=31 moderate 0 0 576(37%) 998 1574
=0 good 0 0 85 2297(96%) 2382
PM10(ug/m’) total 0 0 689 3299 3988
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Table 7. Performance of hourly predicted 03, PM10, and PM2.5 from CMAQ+SVM model

MB RMSE R2
day day+1 day+2 day day+1 day+2 day day+1 day+2
O3 -0.000 -0.000 -0.000 0.010 0.010 0.010 0.69 0.68 0.67
PM10 -14 -1.4 -1.5 12.8 12.9 13.3 0.55 0.54 0.51
PM2.5 -0.9 -0.9 -0.9 7.5 7.6 7.7 0.65 0.65 0.64
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Fig. 4. Comparison of hourly predicted 03, PM10 and PM2.5 time series between CMAQ and SVM.
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Fig. 5. Differences of Oz performance between CMAQ and SVM by air quality stations.
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Fig. 6. Differences of PM10 performance between CMAQ and SVM by air quality stations.
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Fig. 7. Differences of PM2.5 performance between CMAQ and SVM by air quality stations.
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