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Many studies have discussed the air monitoring network optimization methods using the observations from the networks to
be optimized where the spatial representativeness of the network is assumed. Therefore, these methods are difficult to apply to
the networks under development. In this study, the hybrid genetic algorithm that combines the standard GA and simulated
annealing is applied to the simulated values from an air quality model instead of observations for the optimization of the
developing PM, s monitoring network in the Kinki region of Japan. The current network is evaluated by comparison to the
optimized network. The optimized network is uniformly distributed in general and reproduces the spatial distribution of the
simulated concentrations. Although the current network describes the spatial distribution in the high concentration areas, the
representativeness of the concentrations of the entire area could be improved by the redistribution of some monitors to the
stations monitoring other pollutants. The guideline for the placement of monitors at existing stations is proved to be generally
appropriate. The optimization with the weighing factor, based on population, results in a network where more stations are

distributed in the higher concentration areas.
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Fig. 1 The study area and the candidate grid cells (shaded

area) for monitoring stations in the optimized network
determined by the categories of land use.
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Fig. 2 Comparison between the CMAQ simulated and
observed annual mean concentrations of PM, s at monitoring
stations in the study area. The dot line represents 1: 1 line
and the solid line represents the linear regression line.
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Fig. 3 The spatial distribution of the PM,s annual mean
concentrations obtained by WRF/CMAQ simulation for the
Japanese fiscal year 2010. Unit is pg/m’.
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Fig. 4 The flowchart of the hybrid genetic algorithm.
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Fig. 5 The optimized network for the size of a) n=57 and d) n=117, the optimized network that are selected among the
existing stations for the size of b) n=57 and e) n=117, and the actual network in operation in the year ¢) 2011 (n=57) and f)
2013 (n=117). The crosses represent the places of the selected sites. The concentration fields are generated by ordinary kriging
with the simulated values at the sites. Unit is ug/m’.
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Fig. 6 The scatter plots of the WRF/CMAQ simulated values and the predictions by kriging with the simulated values at the
gauged sites in the optimized network for the size of a) n=157 and d) n =117 stations, in the optimized network that are selected
among the existing stations for the size of b) =157 and e) n=117, and the actual network in operation in the year ¢) 2011 (n=
57) and ) 2013 (n=117).
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Table 1 The validation result obtained by the comparison between the CMAQ simulated field and kriged field using the
simulated values at the gauged sites for the optimized network, the network of the best combination of the existing stations, and
the current network in operation for the size of n=57 and n=117. The values shown in parentheses are relative RMSE. Unit of
RMSE is pg/m’.

Best combination

Optimized network Current network

N of the existing stations
RMSE R RMSE R? RMSE R?
57 0.44 0.87 0.44 0.88 1.19 0.39
(3.8%) (3.8%) (10.3%)
117 0.36 0.92 0.41 0.90 0.66 0.77
(3.1%) (3.5%) (5.7%)
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Fig. 7 The spatial distribution of the annual 98 percentile daily mean of a) WRF/CMAQ simulated concentrations, kriging
predicted concentrations with simulated values at the optimized network using annual mean values for the size of b) n=57 and
c) n=117. The crosses in b) and c) represent the places of the stations in the optimized network. Unit is pg/m’.
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Fig. 8 The optimized network for the size of n=157 using
the weighing factor based on a) concentrations and b)
population. The crosses represent the places of the selected
sites. The concentration fields are generated by ordinary
kriging with the simulated values at the sites. Unit is pg/m’.
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Fig. 9 The histograms of the weighing factor based on a)
concentration and b) population. The weighing factors are
unit less.
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