Spatio-temporal Variations in Sea Level Rise of Korean Coasts using Real-time
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Abstract This study aims to understand spatio-temporal trends and recent accelerations of sea level rise
(SLR), and their relationships with coastal development in Korean shorelines. Long-term (10-40 yrs) tidal-gauge
observation data (1 hr intervals) were retrieved from selected 40 sites of Korean national ocean observation
network of Korea Hydrographic and Oceanographic Agency. Regression-based recent 10-year sea level rise
averaged 8.2+3.3 mm/yr (national), 9.0+2.8 mm/yr (Korean Strait), 8.3+3.2 mm/yr (Jeju island), 8.243.9 mm/yr
(West Sea), 6.4+0.9 mm/yr (East Sea). Most sites showed sea level rise velocity accelerated in recent 10 years
except Mokpo, Goheung and Jeju. Recent SLR velocity based on decadal mean differences was not
significantly different from the past with values of A3.3+3.3 cm (1991-2010) and A3.0+£1.8 cm (2001-2020).
However, two times higher SLR velocity was observed in Anheung, Gunsan, Wi-do, Wan-do, Toyeong,
Gadeok-do, Sokcho and Uleung-do. Relationship between SLR and coastal development was not clear in
Pyeongtack, Mokpo and Masan harbors compared reference sites. Given complexity of variables affecting
coastal environments, tidal-gauge data measured in observation towers located in shoreline should be carefully
analyzed to investigate contributions of diverse factors to local SLR.
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Figure 1. Map showing 40 tidal-gauge observation towers along the Korean shorelines. Orange bars presents

measurement periods by regions. Tide observation towers are abbreviated as two or three letter codes:
GH-Ganghwado, YJ-Yeongjongdo, IH-Incheon, SD-Songdo, YH-Yeongheungdo, GR-Gureopdo,
AS-Ansan, PT-Pyeongtack, DS-Daesan Taean, AH-Anheung, BY-Boryeong, MY-Maryang,
EC-Eocheongdo, GS-Gunsan, WID-Wido, YG-Yeonggwang, MP-Mokpo, HS-Heuksando, JD-Jindo,
WaD-Wando, GH-Goheung Balpo, GY-Gwangyang, YS-Yeosu, GM-Geomundo, TY-Tongyeong,
GD-Geojedo, MS-Masan, GD-Gadeokdo, BS-Busan, US-Ulsan, HP-Hupo, MH-Mukho, SC-Sokcho,
UL-Ulleungdo, JJ-Jejudo, SS-Seongsanpo, SG-Seogwipo, MS-Moseulpo, CJ-Chujado
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Table 1. Result of regression analysis based on daily-averaged tidal gauge data for sea level rise (SLR) over the
total period and the recent 10 years

Total (start-2020) Recent 10 years (2011-2020)
Area Slope Annual SLR R Slope Annual SLR R

(mmy/day) (mm/yr) P (mm/day) (mm/yr) p
Ganghwado (2006) -0.002 -0.73 0.00 0.65 -0.003 -1.10 0.00 0.53
YeongJongdo (2009) - - - - 0.017 6.21 0.01 Hokk
Incheon (1999) 0.010 3.65 0.02 Hkk 0.017 6.21 0.01 ok
Songdo (2010) - - - - 0.025 9.13 0.02 HkE
Yeongheungdo (2009) - - - - 0.017 6.21 0.01 HHE
Gureopdo (2010) - - - - 0.020 7.30 0.01 ok
Ansan (1999) 0.010 3.65 0.01 ok 0.018 6.57 0.01 ok
Pyeongtaek (1992) 0.009 3.29 0.01 ok 0.027 9.86 0.02 ok
Daesan (2003) -0.001 -0.37 0.00 | 0.38 0.052 18.98 0.08 ok
Taean (2010) - - - - 0.047 17.16 0.07 ok
Anheung (1986) 0.006 2.19 0.02 oAk 0.020 7.30 0.01 HoAk
Boryeong (1985) 0.015 548 0.08 | 0.17 0.016 5.84 0.01 | *xx
Maryang (2010) - - - - 0.028 10.22 0.03 | ***
Eocheongdo (2007) 0.014 5.11 0.01 ok 0.025 9.13 0.03 ok
Gunsan (1980) 0.007 2.56 0.03 ok 0.022 8.03 0.02 ok
Wido (1985) 0.001 0.37 0.00 * 0.010 3.65 0.00 ok
Yeonggwang (2001) 0.010 3.65 0.01 ok 0.021 7.67 0.02 ok
Mokpo (1956) 0.020 7.30 0.37 ok 0.008 2.92 0.00 ok
Heuksando (1965) 0.001 0.37 0.00 ok 0.021 7.67 0.02 ok
Jindo (2006) 0.014 5.11 0.02 ok 0.017 6.21 0.01 ok
Wando (1983) 0.006 2.19 0.02 ok 0.020 7.30 0.02 ok
Goheung Balpo (2004) 0.023 8.40 0.06 ok 0.021 7.67 0.02 ok
Gwangyang (2004) - - - - 0.031 11.32 0.05 ok
Yeosu (1965) 0.004 1.46 0.03 oAk 0.025 9.13 0.03 HoAk
Geomundo (1982) 0.012 4.38 0.12 oAk 0.030 10.95 0.05 HoAk
Tongyeong (1976) 0.006 2.19 0.06 Hokk 0.017 6.21 0.02 HkE
Geojedo (2006) 0.021 7.67 0.07 ok 0.021 7.67 0.03 ok
Masan (2002) 0.001 0.37 0.00 | 0.46 0.041 14.97 0.11 ok
Gadeokdo (1977) 0.010 3.65 0.12 ok 0.024 8.76 0.04 ok
Busan (1956) 0.006 2.19 0.11 ok 0.016 5.84 0.02 ok
Ulsan (1962) 0.004 1.46 0.05 Hokk 0.018 6.57 0.03 ok
Hupo (2002) 0.013 4.75 0.06 ok 0.021 7.67 0.05 ok
Mukho (1965) 0.004 1.46 0.05 | 0.10 0.018 6.57 0.03 ok
Sokcho (1973) 0.005 1.83 0.05 ok 0.017 6.21 0.02 ok
Ulleungdo (1965) 0.006 2.19 0.05 oAk 0.014 5.11 0.01 ok
Jejudo (1963) 0.016 5.84 0.29 ok 0.015 5.48 0.01 Hokk
Seongsanpo (2003) 0.018 6.57 0.05 | *xx 0.022 8.03 0.03 | ***
Seogwipo (1985) 0.011 4.02 0.08 * 0.038 13.87 0.07 ok
Moseulpo (2004) 0.014 5.11 0.03 hokk 0.020 7.30 0.02 ok
Chujado (1983) 0.006 2.19 0.03 hokk 0.019 6.94 0.02 ok

* p<0.05, ** p<0.01, *** p<0.001

w2 Wb, 9= 2.6 mm/yr 7P ST Mol ¢ mmiyr2 7P EREew, AFAlE 5.5 mmiyr2 7P
Ak PE2 ¥E Auud A% BEae e =
ol 718 A, ST S HAE T 52 a3 s0a sot skew as B0t

4 A 271 15.0 mm/yrZ 7}11- ek o,
HARS 5.8 mm/yr2 7 ¥k Sl 332U 7.7 3.2.1 3ARA 71&7E o] L3l J4d AL B
mm/yr 7P WErow, a5 et 5.1 mm/yre 7H 197) BE40] H 309 ARE 109 HFos

@l
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Figure 2. Annual velocity (mm/yr) of sea level rise (SLR) over the total period (orange circles) and the recent

10 years (light blue circles) at 40 tidal-gauge observation towers. Calculation of SLR velocity was

based on slopes of regression linear equation

(Table 2).
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Table 2. Result of regression analysis based on daily-averaged tidal gauge data for the calculation of sea level rise

(SLR) by 10-year intervals over the past three decades

1991~2000 2001~2010 2011~2020
Annual Annual Annual
Area Slope SLR Slope SLR Slope SLR
(mm/day) (mm/yr) ! (mm/day) (mm/yr) g (mm/day) (mm/yr) !
Anheung 0.009 3.29 HHE 0.002 0.73 0.51 0.020 7.30 HEE
Boryeong 0.035 12.78 HEE 0.005 1.83 0.08 0.016 5.84 HEE
Gunsan 0.004 1.46 0.14 0.001 0.37 0.76 0.022 8.03 HEE
Wido -0.007 -2.56 ** 0.001 0.37 0.97 0.010 3.65 HEE
Mokpo 0.014 5.11 HEE 0.004 1.46 0.12 0.008 2.92 ok
Heuksando 0.004 1.46 0.10 -0.001 -0.37 0.71 0.021 7.67 HEE
Wando 0.012 4.38 oAk -0.010 -3.65 0.70 0.020 7.30 oAk
Yeosua 0.013 4.75 oAk 0.005 1.83 *k 0.025 9.13 oAk
Geomundo 0.022 8.03 HoAk 0.002 0.73 0.33 0.030 10.95 oAk
Tongyeong 0.007 2.56 ok 0.005 1.83 0.02 0.017 6.21 ok
Gadeokdoa 0.009 3.29 HoHE 0.012 4.38 ok 0.024 8.76 ok
Busana 0.009 3.29 ok 0.011 4.02 ok 0.016 5.84 ok
Ulsan 0.002 0.73 0.26 0.017 6.21 HxE 0.018 6.57 HHE
Mukhoa 0.009 3.29 HEE 0.011 4.02 HEE 0.018 6.57 HEE
Sokchoa 0.011 4.02 HHE 0.008 2.92 HEE 0.017 6.21 HEE
Ulleungdoa 0.037 13.51 HEE 0.006 2.19 * 0.014 5.11 HEE
Jejudoa 0.025 9.13 HEE 0.023 8.40 HEE 0.015 5.48 HEE
Seogwipoa 0.022 8.03 *xx 0.010 3.65 *xx 0.038 13.87 HEE
Chujadoa 0.012 4.38 HoAk 0.016 5.84 HoAk 0.019 6.94 HoAk
mean 0.016 5.84 - 0.011 4.02 - 0.021 7.67 -
S.D 0.010 3.65 - 0.005 1.83 - 0.008 2.92 -
*: p<0.05, **: p<0.01, ***: p<0.001

aArea selected to calculate mean values of SLR during each 10-year interval
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Figure 3. Anomaly of decadal mean of sea level (SL) from annual average of SL in 1990. Orange lines

represented the differences (cm) of decadal mean of SL between consecutive decadal periods (e.g.,
‘11~’20 minus ‘01~°10).
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Figure 4. Timelines of coastal development in Pyeongtack harbor area (upper). Daily mean of tidal level
in Pyeongtack harbor and Anheung during 1993-2020 (lower left). Anomaly of mean sea level
during three intervals from the entire period before and after coastal development (lower right).
Slopes of linear regression curves (annual sea level rise velocity) were 5.8 (‘93-00), 6.6
(‘01-°06), 6.6 (‘07-°20) in Pyeongtack, and 10.2 (‘93-°00), 7.3 (‘01-°06), 5.8 (‘07-°20) in
Anheung. Orange lines represented the differences (cm) of interval means of tidal level between
consecutive intervals (e.g., ‘01~’06 minus ‘93~’00).
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Figure 5. Timelines of coastal development in Mokpo harbor area (upper). Daily mean of tidal level in
Mokpo harbor and Heuksando during 1965-2020 (lower left). Anomaly of mean sea level during
three intervals from the entire period before and after coastal development (lower right). Slopes
of linear regression curves (annual sea level rise velocity) were 0.3 (‘65-’77), 164.3 (‘78-’94),
6.2 (‘95-°20) in Mokpo, and -1.5 (‘65-’77), 5.1 (‘78-’94), 5.8 (‘95-°20) in Heuksando. Orange
lines represented the differences (cm) of interval means of tidal level between consecutive
intervals (e.g., ‘95~’20 minus ‘78~94).
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Figure 6. Timelines of coastal development in Masan harbor area (upper). Daily mean of tidal level in
Masan harbor and Gadeokdo during 1965-2020 (lower left). Anomaly of mean sea level during
three intervals from the entire period before and after coastal development (lower right). Slopes
of linear regression curves (annual sea level rise velocity) were —17.2 (‘03-’12), 13.9 (‘13-°20)
in Masan, and 4.4 (‘03-’12), 8.0 (‘13-°20) in Gadeokdo. Orange lines represented the differences
(cm) of interval means of tidal level between consecutive intervals (e.g., ‘13~’20 minus ‘03~12).
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