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Abstract : The statistical information of the coastal water temperature monitoring data can be biased because of
outliers and missing intervals. Though a number of outlier detection methods have been developed, their
applications are very limited to the in-situ monitoring data because of the assumptions of the a prior information of
the outliers and no-missing condition, and the excessive computational time for some methods. In this study, the
practical robust method is developed that can be efficiently and effectively detect the outliers in case of the big-data.
This model is composed of these two parts, one part is the construction part of the approximate components of the
monitoring data using the robust smoothing and data re-sampling method, and the other part is the main iterative
outlier detection part using the detailed components of the data estimated by the approximate components. This
model is tested using the two-years 5-minute interval water temperature data in Lake Saemangeum. It can be
estimated that the outlier proportion of the data is about 1.6-3.7%. It shows that most of the outliers in the data are
detected and removed with satisfaction by the model. In order to effectively detect and remove the outliers, the
outlier detection using the long-span smoothing should be applied earlier than that using the short-span smoothing.

Keywords : outliers, missing interval, water temperature, Lake Saemangeum, robust model, sub-data re-sampling
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Fig. 1. Monitoring stations of the water temperature in Lake Sae-
mangeum.
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Table 1. Basic information of the 4 water quality measurement sta-

tions
. Observation Geograp hical
Station period coordinate Items
(N°, EY)
35731 pH, DO, TP, TN,
Garyeak  2011.11~2014.3 PR Salinity, COD,
126.529
Water temperature
. 35722, P DO.TR TN,
Dongjin  2011.11~2014.3 Salinity, COD,
126.813
Water temperature
35907, P DO TR TN,
Mankyeong 2011.11~2014.3 Salinity, COD,
126.957
Water temperature
35815, P DO, TP TN,
Shinsi 2011.11~2014.3 126.484 Salinity, COD,

Water temperature
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Fig. 2. Time-series and missing matrix plots of the water temperature data.
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Start

Raw water temperature data (RWT) uploading

Basic outlier detection/removal
using the reasonable data ranges and missing index
(Outlier removed data in this step : RWT1)

Long-span smoothing using a re-sampling method in the RWT1 data
(Decomposition the data into approximate and residual components,
RWT1 = RAWT1 + RRWT1)

Outlier detection/removal of the RRWT1 using an outlier criteria
(Outlier removed residual data in this step : RRWT2)
Reconstruction of the outlier removed data RWT2 in this step
RWT2 = RAWT1 + RRWT2

Short-span smoothing using a re-sampling method in the RWT2 data
(Decomposition the data into approximate and residual components,
RWT2 = RAWT2 + RRWT3)

Outlier detectionfremoval of the RRWT3 using an outlier criteria
(Outlier removed residual data in this step : RRWT4)
Reconstruction of the outlier removed data RWT3 in this step
RWT3 (Final outlier-free data)= RAWT2 + RRWT4

Fig. 4. Flowchart of the outlier detection/removal process.
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Fig. 5. Outlier detection-removal pattern by the model with a different span. (Red circles = detected outliers, Blue + = Data; Upper panel :

Long-span outlier detection model, Middle panel :

Table 2. Basic statistical information before and after outlier

removals
Stations n  MR(%) Mean Median SD  IQR
BOR 199,544 52 149 152 838 16.1
bl AOR 194,809 7.5 147 147 88 16.3
BOR 198,454 5.7 16.0 164 83 14.7
MK AOR 194,237 73 159 16.1 83 14.9
BOR 205321 25 145 151 8.8 16.5
58 AOR 197,721 6.1 14.4 14.4 8.9 16.7
BOR 206,162 2.1 150 155 9.1 17.0
aR AOR 198,770 5.8 149 152 9.1 17.2
Ref. AOR and BOR mean “after and before outlier removal” cases,
respectively.
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