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Abstract

Incomplete data set, which has missing values in the matrix, is a problem that is
repeatedly encountered in environmental researches. To cope with the problem, this
study aims to provide useful methods to complement missing values in air quality data
sets. As a case study, authors have tested some methods to fill in the missing values in

compiled SPM and multi-elemental concentration data by National Air Surveillance
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Network, Japan, using simulated missing data patterns. Missing rows in the matrices
were filled with mean of surrounding values (MSV), mean of values before and after 12
months of the missing data (MV12) and linear interpolation (LIN). Performance of
those methods were evaluated by statistical indices such as Index of Agreement
developed by Willmott, root mean square squared error (RMSE) and mean absolute
error (MAE). Whereas MSV and LIN were strong tools to fill in the short length of gap,
MV12 could be an alternative way to interpolate the longer length of gap. Liner
regression analysis was applied to complement the missing values in column. This
method was found useful when a correlation coefficient was greater than 0.7 between
concentrations of element with missing values and predictor element. Based on the test
results, full complement was demonstrated on the incomplete data matrix of Kawasaki
site from April 1974 to March 1997.
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Figure Captions

Fig.1 Typical missing rows and missing values in column, commonly found in the
SPM and multi-elemental concentration data by NASN.

Fig.2 Performance of different complement methods as a function of length of gap,
shown by index of agreement, d. The tests were performed using simulated missing data
pattern of SPM concentration at Nonotake site.

Fig.3 Performance of different complement methods as a function of length of gap,
shown by RMSE. The tests were performed using simulated missing data pattern of
SPM concentration at Nonotake site.

Fig.4 Performance of different complement methods as a function of length of gap,
shown by MAE. The tests were performed using simulated missing data pattern of SPM
concentration at Nonotake site.

Fig.5 Performance of linear regression complement method as a function of
correlation coefficient, r, shown by index of agreement, d. The tests were performed
using simulated missing data pattern of Fe concentration at Nonotake site.

Fig.6 Performance of linear regression complement method as a function of
correlation coefficient, r, shown by RMSE. The tests were performed using simulated
missing data pattern of Fe concentration at Nonotake site.

Fig.7 Performance of linear regression complement method as a function of
correlation coefficient, r, shown by MAE. The tests were performed using simulated
missing data pattern of Fe concentration at Nonotake site.

Fig.8 Variation of atmospheric concentrations of arsenic in Kawasaki, a) observed
data with missing values, b) complemented data using as manganese as predictor
element.

Fig.9 Variation of atmospheric concentrations of scandium in Kawasaki, a) observed
data with missing values, b) complemented data using as aluminum as predictor
element.

Fig.10 Variation of atmospheric concentrations of titanium in Kawasaki, a) observed
data with missing values, b) complemented data using as aluminum as predictor

element.
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SPM Element(ng/mS)
year month R
(ug/m’) Ag Al As Ba Br

1974 4 59 1820 6.0 18
5 1260 4.4 17
6 55 1000 5.3 19
7 40 600 4.6 15
8 46 1190 6.7 15
9 37 1210 1.3 26
1o
11 65 1490 4.1 38
12 44 950 2.8 30
1975 1 38 780 0.98 25
2 32 790 1.8 18
3 39 1370 1.8 18
4 42 1800 4.9 15
5 36 940 8.0 14

_ Missing row Missing value in column

Fig.1 Typical missing rows and missing values in column, commonly found in the
SPM and multi-elemental concentration data by NASN.
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Table 1 Missing rows in the atmspheric SPM and multi-elemental concentration data by NASN

Period Number of Number of gap length
monitoring site start end rows  missing rows % 1 month 2 months 8 months
Ube Apr.1981 Mar.1997 192 7 3.6 7 0 0
Kyoto Apr.1981 Mar.1997 192 4 2.1 4 0 0
Sapporo Apr.1974 Mar.1997 276 8 2.9 4 2 0
Matsue Apr.1974 Mar.1997 276 7 2.5 5 1 0
Niigata Oct.1975 Mar.1997 258 12 4.7 10 1 0
Sendai Apr.1974 Mar.1997 276 4 1.4 4 0 0
Kawasaki Apr.1974 Mar.1997 276 5 1.8 5 0 0
Osaka Apr.1974 Mar.1997 276 4 1.4 4 0 0
Kurashiki Apr.1979 Mar.1997 216 2 0.9 2 0 0
Ohmuta Apr.1974 Mar.1997 276 16 5.8 6 1 1
Chikugo-ogori Apr.1979 Mar.1997 216 6 2.8 6 0 0
Tokyo Apr.1974 Mar.1997 276 6 22 4 1 0
Amagasaki Oct.1976 Mar.1997 246 6 2.4 6 0 0
Nonotake Apr.1981 Mar.1997 192 0 0.0 0 0 0
Nagoya Oct.1976 Mar.1997 246 4 1.6 4 0 0
Nohoro Apr.1979 Mar.1997 216 2 0.9 0 1 0

10



Table 2 Percentage of missing values in colums of atmospheric SPM and multi-elemental cocentration data by NASN (Unit: %)
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V W Zn

monitoring site No. of rows SPM Ag Al As Ba Br Ca Cd Ce Cl Co Cr Cs Cu Fe Hf K La Lu Mn Na Ni Pb Sb Sc Se Sm Th Ti
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Fig.2 Performance of different complement methods as a function of length of gap,
shown by index of agreement, d. The tests were performed using simulated missing data

pattern of SPM concentration at Nonotake site.
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Fig.3 Performance of different complement methods as a function of length of gap,
shown by RMSE. The tests were performed using simulated missing data pattern of

SPM concentration at Nonotake site.
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Fig.4 Performance of different complement methods as a function of length of gap,
shown by MAE. The tests were performed using simulated missing data pattern of SPM

concentration at Nonotake site.
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Fig.5 Performance of linear regression complement method as a function of
correlation coefficient, r, shown by index of agreement, d. The tests were performed

using simulated missing data pattern of Fe concentration at Nonotake site.
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Fig.6  Performance of linear regression complement method as a function of
correlation coefficient, r, shown by RMSE. The tests were performed using simulated

missing data pattern of Fe concentration at Nonotake site.
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Fig.7  Performance of linear regression complement method as a function of
correlation coefficient, r, shown by MAE. The tests were performed using simulated

missing data pattern of Fe concentration at Nonotake site.
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Fig.8 Variation of atmospheric concentrations of arsenic in Kawasaki, a) observed
data with missing values, b) complemented data using as manganese as predictor

element.
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Fig.9 Variation of atmospheric concentrations of scandium in Kawasaki, a) observed
data with missing values, b) complemented data using as aluminum as predictor

element.
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Fig.10 Variation of atmospheric concentrations of titanium in Kawasaki, a) observed
data with missing values, b) complemented data using as aluminum as predictor

element.
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