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Outliers and Level Shift Detection of the Mean-sea Level, Extreme Highest
and Lowest Tide Level Data
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Abstract : Modeling for outliers in time series was carried out using the MSL and extreme high, low tide levels
(EHL, HLL) data set in the Busan and Mokpo stations. The time-series model is seasonal ARIMA model includ-
ing the components of the AO (additive outliers) and LS (level shift). The optimal model was selected based on
the AIC value and the model parameters were estimated using the ‘tso’ function (in ‘tsoutliers’ package of R). The
main results by the model application, i.e.. outliers and level shift detections, are as follows. (1) The two AO are
detected in the Busan monthly EHL data and the AO magnitudes were estimated to 65.5 cm (by typhoon MAEMI)
and 29.5 cm (by typhoon SANBA), respectively. (2) The one level shift in 1983 is detected in Mokpo monthly
MSL data, and the LS magnitude was estimated to 21.2 cm by the Youngsan River tidal estuary barrier construc-
tion. On the other hand, the RMS errors are computed about 1.95 cm (MSL), 5.11 cm (EHL), and 6.50 cm (ELL)
in Busan station, and about 2.10 cm (MSL), 11.80 cm (EHL), and 9.14 cm (ELL) in Mokpo station, respectively.

Keywords : outlier model, additive outliers, level shifts, MSL, extreme high and low tide levels (EHL, ELL)
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Fig. 1. Time-series plots of the monthly MSL (mMSL), extreme
high and low tide level data (mEHL, mELL) in Busan and
Mokpo stations.
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Fig. 2. Time-series plots of the annual MSL (aMSL), extreme high
and low tide level (aEHL, aELL) data in Busan and Mokpo
stations.

# A EAHMAD), AFEH S (IQR)S 19.2~66.0 cm® 11
Z91(EHL)eIA A YEFsttH(Table 1).
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Table 1. Basic statistical measures of the monthly MSL, EHL and ELL data in the Busan and Mokpo Stations. (Mokpo, 1958~2020; Busan,
1960~2020) (Unit = cm)

Stations Mean Median SD MAD IQR n Data

Busan MSL 67.8 67.4 9.8 10.9 14.5 714/726
(61 years, EHL 143.0 142.0 10.2 10.4 13.0 723/726
1960~2020) ELL -42 -4.0 13.6 14.8 20.0 723/726
Mokpo MSL 231.5 231.6 19.2 19.9 26.8 727/774
(65 years, EHL 458.0 461.0 39.0 489 66.0 747/774
1956~2020) ELL -37.6 -38.0 24.8 252 34.0 747/774

Ref. Busan: 1960-2020, 61 years (n = 726), Mokpo: 1956~2020, 65 years (n = 774), excluded the data in the 7-12 months, 2020, respectively.
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o] AAlE AL ik, ZH2te] wilo] MSL kgl AR
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Table 2. Correlation coefficient and 95% confidence intervals of the MSL and ETL (EHL, ELL) data in the Busan and Mokpo stations

Monthly data Annual data
St Variables (n="726 (Busan), 774 (Mokpo), complete cases) (n=061 (Busan), 65 (Mokpo), complete cases)
optimal lower limit upper limit optimal lower limit upper limit
EHL-MSL 0.752 0.718 0.782 0.546 0.335 0.705
Busan EHL-ELL 0.589 0.539 0.635 0.177 —-0.082 0414
ELL-MSL 0.828 0.803 0.850 0.705 0.546 0.815
EHL-MSL 0.779 0.749 0.806 0.941 0.900 0.966
Mokpo EHL-ELL —0.040 —0.111 0.032 —0.480 —0.656 —-0.255
ELL-MSL 0.480 0.423 0.535 —-0.295 —0.526 -0.025
oA 4 H8A R, BE AmTE A4 s e oJtt.
117447 (non-stationary) AF&., 5HZS TE3HA] Sk HH 2ygor M 2o A<= A0, LS Ik x5
7173 Aol e AFRE dpetE o] 7] ARIMA B¢ 7] A HA= Table 30 AASIAT #H4 Rgow A€ &
T/do] AAsitta Bshs AV ot g2 FAak, Far 27l Ao Z42E 671412 cases — monthly,
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ASEA G WA AR eRE 2T AR At 2hRel alojof 3= -p-Ad<=9] (priority) @ﬂ of &8 5 Q. o=
KHOA AT 129 (ETL) A7k A they] migow ¢ Agko] A28 0ukIzke o] Al7]e] Age] dig 4729
D]—Ql:]— —E—/S}‘Ei \‘_1:/_]-0]»0:]0]: O]'U% = Oq:fL‘/] Xlr/}éd’}— ]'g- Al
&, aMSL AFRE ©]8-3 -9+, 1983 21.26 cm, 1999 F2Ql 24 WS A Algtsto] A Ao af2<l A
W 9.76 cm LS 7tk A7} 19921 8.62 cm A0 HHHe] SwAl 71t & 5 3l
Table 3. Optimal ARIMA model and AO, LS detection information in the the monthly and annual data condition
(a) Monthly data
Station Data type Optimal model Outlier type Time Outlier coefficients RMSE
AO 1960-3 -139.7
EHL (0,1,0) x (2,1,0),, AO 2003-9 65.5 9.25
Busan AO 2012-9 29.5
MSL (1,0,0) x (2,1,0),, AO 1966 -13.63 4.17
ELL (1,0,0) x (2,1,0),, no outliers - - 7.59
EHL (5,1,0) x (2,0,0),, LS 1970-5 —46.52 13.65
LS 1960-1 -29.38
Mokpo MSL (1,0,0) x (2,1,0),, ig }ggg:f _3?2; 533
AO 1995-12 17.00
ELL (3,0,0) x (2,1,0),, LS 1960-1 -27.59 14.20
(b) Annual data
Station Data type Optimal model Outlier type Time Outlier coefficients RMSE
AO 1975 18.03
EiL 000) 20 2003 1095 s
Busan AO 2012 19.95
MSL 0,1,1) LS 1962 —6.73 1.95
ELL 0,1,1) no outliers - - 6.50
EHL (1,1,0) no outliers - - 11.80
LS 1983 21.26
Mokpo MSL (1,0,0) AO 1992 8.62 2.01
LS 1999 9.76
ELL (0,1,0) AO 2004 23.50 9.14
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Fig. 3. Complete-reconstructed TS plot using the opimal ARIMA model for outliers.
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