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ABSTRACT

This study was aimed to visualize the spatial distribution of PM;, data measured at non-
uniformly distributed observation sites in South Korea. Different spatial interpolation methods
were applied to irregularly distributed PM;, observation data from January, 2019, when the
concentration was the highest and in July, 2019, when the concentration was the lowest.
Four interpolation methods with different parameters were used: Inverse Distance Weighted
(IDW), Ordinary Kriging (OK), radial base function, and scattered interpolation. Six cases
were cross-validated and the normalized root-mean-square error for each case was compared.
The results showed that IDW using smoothing-related factors was the most appropriate
method, while the OK method was least appropriate. Our results are expected to help users
select the proper spatial interpolation method for PM;, data analysis with comparative
reliability and effectiveness.

Key words: PMy), Spatial interpolation, Inverse distance weighted, Ordinary kriging, Radial
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Fig. 1. The distribution of stations Korea where PM;, is measured in South Korea (427 sites;

shown in red open circles).
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Fig. 2. Monthly average PM,, distribution in January and July when (a) inverse distance weighted (IDW), (b)
Ordinary Kriging (OK), (c) radial base function (RBF), and (d) scattered interpolation (SI) methods were used.
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Table 1. Time taken to produce the monthly average PM;, distributions in January and July in Fig. 2

IDW Kriging RBF SI

Time (sec) 1.896 6.322 0.226 0.633

Table 2. 7:3 cross-validation of the January average of PM;o

Method Iteration Max Error Min Error RMSE NRMSE
IDW (p=2) 100 83.13 0.11 17.73 31.17
IDW (p=1.5) 100 80.87 0.10 17.57 30.99
IDW (p=1) 100 78.74 0.13 16.69 2941

OK 50 89.62 0.13 20.49 35.95

SI 100 77.71 0.13 17.91 31.52

RBF 100 77.16 0.10 18.07 31.75
Table 3. 7:3 cross-validation of the July average of PMj,

Method Iteration Max Error Min Error RMSE NRMSE
IDW (p=2) 100 30.87 0.07 8.00 30.71
IDW (p=1.5) 100 30.45 0.06 7.72 29.73
IDW (p=1) 100 30.11 0.06 7.56 29.11

OK 50 32.15 0.06 9.57 36.77

SI 100 31.65 0.08 8.67 33.50

RBF 100 31.28 0.07 8.56 33.06
Table 4. 9:1 cross-validation of the January average of PM;o

Method Iteration Max Error Min Error RMSE NRMSE
IDW (p=2) 100 62.89 0.27 17.32 30.76
IDW (p=1.5) 100 64.69 0.29 16.80 29.50
IDW (p=1) 100 60.69 0.45 15.66 27.78

OK 50 65.54 0.33 19.88 35.29

SI 100 64.13 0.34 17.68 31.46

RBF 100 61.68 0.31 17.52 31.16
Table 5. 9:1 cross-validation of the July average of PMj,

Method Iteration Max Error Min Error RMSE NRMSE
IDW (p=2) 100 26.69 0.20 7.89 30.59
IDW (p=1.5) 100 24.90 0.18 7.17 27.86
IDW (p=1) 100 25.17 0.15 7.41 28.89

OK 50 29.42 0.18 9.66 37.52
ST 100 26.47 0.19 8.31 32.12
RBF 100 26.28 0.16 8.49 32.86
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Table Al. 7:3 cross-validation of the January average of PM;, using RBF

RBFconstant iteration Max Error Min Error RMSE NRMSE
0.1 100 79.51 0.11 18.35 32.38
0.5 100 77.13 0.13 17.84 31.45
1 100 76.40 0.13 17.98 31.48
1.5 100 77.16 0.10 18.07 31.75
2 100 76.22 0.14 18.14 31.92
2.5 100 77.96 0.12 18.28 32.21
3 100 76.77 0.14 17.98 31.56
Table A2. 7:3 cross-validation of the July average of PM;, using RBF
RBFconstant iteration Max Error Min Error RMSE NRMSE
0.1 100 30.32 0.06 8.46 32.51
0.5 100 31.06 0.05 8.63 33.30
1 100 31.06 0.07 8.60 33.10
1.5 100 31.28 0.07 8.56 33.06
2 100 31.25 0.05 8.65 33.34
2.5 100 30.95 0.06 8.61 33.15
3 100 31.04 0.07 8.65 33.32
Table A3. 9:1 cross-validation of the January average of PM;, using RBF
RBFconstant iteration Max Error Min Error RMSE NRMSE
0.1 100 62.44 0.38 18.00 31.78
0.5 100 63.20 0.38 17.99 31.65
1 100 64.59 0.40 17.78 31.50
1.5 100 61.68 0.31 17.52 31.16
2 100 62.43 0.40 17.35 30.72
2.5 100 66.04 0.35 18.48 32.73
3 100 63.39 0.46 17.52 31.12
Table A4. 9:1 cross-validation of the July average of PM;, using RBF
RBFconstant iteration Max Error Min Error RMSE NRMSE
0.1 100 26.52 0.19 8.50 32.79
0.5 100 26.43 0.19 8.24 31.93
1 100 26.12 0.20 8.49 33.04
1.5 100 26.28 0.16 8.49 32.86
2 100 27.77 0.20 8.86 34.51
2.5 100 27.26 0.18 8.50 3241
3 100 27.40 0.19 8.52 32.97




