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Estimation of the Regional Future Sea Level Rise Using Long-term Tidal Data
in the Korean Peninsula
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Abstract

The future mean sea level rise (MSLR) due to climate change in major harbors of Korean Peninsula has been estimated
by some statistical methods in this article. Firstly, Mann-Kendall non-parametric trend test to find some trend in the
observed long-term tidal data has been performed and also Bayesian change point analysis has been used also to detect
the location of change points and their magnitude quantitatively. Especially, in this study, the results from Bayesian
change point analysis have been applied to combine 4 future MSLR scenario projections with local MSLR data at 5
tidal gauges. This proposed procedure including Bayesian change point analysis results can improve the step for the
determination of starting years of future MLSR scenario projections with 18.6-year lunar node tidal cycle and effectively
consider local characteristics at each gauge. The final results by the proposed procedure in this study have shown that
the future MSLR in Jeju region (Jeju tidal gauge) is in the largest increment and also the future MSLRs in Western
region (Boryeong tidal gauge) and Southern region (Busan tidal gauge) are in the second largest one. Finally, it has
been shown that the future MSLRs in Southern region (Yeosu tidal gauge) and Eastern region (Sokcho tidal gauge)
seem to be in the relatively smallest growth among 5 gauges.

keywords : climate change, MSLR scenario, Bayesian change point analysis, starting year
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FstR Qla) 917ke] Ao B JEFS A= T
83 QA F sk Hit dlAds(Mean Sea Level
Rise, MSLR)e]t}. IPCC (2013) A} HarA < skl
WG1: The Physical Science Basis®] AHAAAESS ¢
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F g AAaAT)E BARE Al W] Jow, 5
3] s Etehe S iqvhs iR o A9
3} w&e] Raj= v dhke Q1 39 o] MSLRo) thek
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of ogt AisrH WES EAeE WHT LA
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o], o5 AFE] A8 914 = Al(satellite altimeter)
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Aol UrkA ot}

wl ol LAY 7H5 3 MSLRe] F7gol sl B2 A
=(Vermeer and Rahmstorf, 2009; Cayan et al., 2008,
Rahmstorf, 2010; Pfeffer et al., 2008; Hansen and Sato,
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2008, Rahmstorf, 2007)0] &= 3 Qo). 1ejv} SA14
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] A7 WsA(interannual variability)2 32
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t I THFlick et al, 2013). ©] ¢} 22 ¥4
a1 aa}l7] 918ke] Flick et al. (2013)2 1861 5719

O O T
o
ol
rr
N
MN
5°)
o,
(E
o
ol
=2
=
)
i3
0%
fla
fr
to
_>|“_',
Bt
o,



o] MSLR< 18640l 717k 191 tale] ARE-Ee
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Z} 247 k2] HAE E43=(objective function) 2 L
WMEH T Abole] BAIE =82 (recursive equation) 2.
2 x84 A8 H(dynamic programmmg X}JL/]
W3lE 183k ALSH i (posterior mean)S Wo] x|t 3=
“(Bayesian inference)< &3l 243l #lo|X|¢t M54
21718 (Bayesian Change Point analysis, BCP) 5-©] ©]
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3 A% d-$-(Beaulieu et al., 2009; Carlin and Smith,
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Carlin et al. (1992)2 919k 2= PPMEE ] 7id& i
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&4312]F 5 Metropolis et al. (1953)°] % 7IdS #|oksh
Metropolis-Hasting &1l8]5S IHske] &F 23= AF

A3Art. o] & 8317] sl E AREE(pro-
posal distribution), Hﬂﬁ'ﬁg(acceptance probability), &t
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Fig. 1. Map of Tidal Gauges Applied to This Study
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Tables 1 and 20= £ A7Rllx A% 57 Z9|#540
gk Akt MSLR Absell tigk 715877 (descriptive
statistics)S& HERN AT

jutad

N

M
(B2l

_|~
ol
32
i)

32 Hl=2H FEd 24 &

—_

%143+ Mann-Kendall B] =5~ B2
5%t 1%l A Faletdn). wehs] FS5a8Y
0.05¢) 3Pk Y Algk critical value )
AleHtest statistics)e] Adigte] oj®r} &
o] EAslE AR B 4 Qi) 2 AllA] AL

29 3%=49 MSLR Ao i3k Mann-Kendall

fo 1
=
z
fr
o i
ol
o OHTI

A T
2 BAEYOn, fo5E 1% WAHE BF f
% Aow PAHT 53 AAEAND
B

oz 57 A He] MSLR A57F &5

Table 1. Summary of the Selected Tidal Gauges

TH(posterior mean)# EGX] MM Fsd F A+

& (probabhility of change) slo] Folx A AL

AT 29

S 3Qa

= =0

e

HE

ARG HFHOR A BAS P TUOE 9

Tidal gauge Latitude Longitude Datum level (m) Record year
Sokcho 38°12" 26”7 128 ° 35" 39” 0.20 1974~2012
Busan 35°05" 47”7 129 ° 02" 07” 0.65 1961 ~2012
Yeosu 34° 44" 50”7 127 © 45" 56” 1.81 1966 ~2012

Boryeong 36°24" 23”7 126 ° 29" 10” 3.82 1986 ~2012
Jeju 33°31" 39" 126 ° 32" 35" 1.42 1964 ~2012
Table 2. Descriptive Statistics of Annual MSLR at each Tidal Gauge

Tidal gauge Mean (m) Variance Skewness Kurtosis
Sokcho 0.0212 0.0010 0.2360 2.7664
Busan 0.0171 0.0016 0.1243 1.9639
Yeosu 0.0229 0.0010 -0.0876 2.5812

Boryeong 0.0756 0.0042 0.3536 21777
Jeju 0.0946 0.0068 0.2059 2.1483

Table 3. Results of Mann-Kendall Nonparametric Trend Test to Annual MSLR at each Tidal Gauge

) M-K test Critical value Trend decision
Tidal gauge . . p-value
statistic a=0.05 a=0.01 a=0.05 a=0.01

Sokcho 6.5686 2.5395x10 " 1.96 2575 trend trend
Busan 6.6443 1.5234x10" 1.96 2575 trend trend
Yeosu 45292 2.9602x10°° 1.96 2575 trend trend
Boryeong 4.8990 4.8157x107 1.96 2.575 trend trend
Jeju 8.5509 0 1.96 2.575 trend trend
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Table 4. Quantitative Results of Change Point Analysis at each Tidal Gauge

Name of Change points Probability Homogeneous segment Posterior mean
gauges (Year) of change (Year to Year) in homogeneous segment (mm)

1974~1996 2.0

Sokcho 1997 0.590 1998 ~2012 49.0

1985 0512 1961 ~1984 -14.0

Busan 1997 0704 1986 ~1996 21.0

’ 1998 ~2012 64.0

1966 ~1987 2.0

Yeosu }ggi gggé 1989 ~1996 35.0

’ 1998 ~2012 48.0

2002 0,676 1986 ~2001 34.0

Boryeong 2006 0.630 2003 ~2005 152.0

’ 2007 ~2012 133.0

Jeju no no 1964 ~2012 128.0
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Table 5. Calculated Coefficients using the Starting Years from the Change Point Analysis

Tidal gauge c (m/yearz) g € . °

0.5 1.0 15 2.0 (m/year) (m) (starting year)

Sokcho 4277107 | 9.817x10° | 1.536x10* | 2.090x10* 0.0012 0.0524 2005

Busan 4277107 | 9.817x10° | 1.536x10* | 2.090x10* 0.0012 0.0662 2005

Yeosu 4.277x107° | 9.817x107 | 1536x10* | 2.090x10™* 0.0012 0.0535 2005

Boryeong | 4.719x107 | 1.076x10™ | 1.680x10* | 2.283x10™* 0.0012 0.1275 2009

Jeju 4077x10° | 9.391x10° | 1.471x10* | 2.020x10* 0.0012 0.1798 2003
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Table 6. Results of Future MSLR (m) Including Local Characteristics at each Gauge

762

T
1970 1980

1990

2000
Year

2010

(a) Sokcho

0.4

Tidal gauge Scenario 2020 (m) 2030 (m) 2040 (m) 2050 (m) 2100 (m)
05 0.080 0.109 0.147 0.193 0.552
1.0 0.092 0.144 0.215 0.305 1.052
Sokcho
15 0.105 0.178 0.283 0.417 1.553
2.0 0.117 0.213 0.350 0.530 2.053
05 0.094 0.123 0.161 0.207 0.566
1.0 0.106 0.158 0.229 0.319 1.066
Busan
15 0.119 0.192 0.297 0.431 1.567
2.0 0.131 0.227 0.364 0.544 2.067
05 0.081 0.110 0.148 0.194 0.553
1.0 0.094 0.145 0.216 0.306 1.053
Yeosu
15 0.106 0.180 0.284 0.419 1.554
2.0 0.119 0.214 0.352 0.531 2.054
05 0.146 0.174 0.210 0.256 0.627
1.0 0.154 0.200 0.268 0.358 1.128
Boryeong
15 0.161 0.227 0.326 0.459 1.628
2.0 0.168 0.253 0.384 0.560 2.127
05 0.212 0.242 0.280 0.326 0.680
Iej 1.0 0.227 0.281 0.353 0.444 1.180
A 15 0.243 0.319 0.426 0.561 1.680
2.0 0.258 0.358 0.498 0.678 2.180
" | Sokcho " | Busan " | Yeosu
E E E
% é é O.Zi
3 3 3
01 \ IS 01 T 1 \ \ \ 01 L L N T ]
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0.1
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(b) Busan
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(c) Yeosu
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(e) Jeju

Fig. 3. Estimation of Annual Mean Sea Level Rise
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Table 7. Comparison of Global and Local Linear Trend

=

S a (m/year) b (m) S
Global model Local model Global model Local model (Starting year)
Sokcho 20x10°° 242x10°° 0.0624 0.0486 2005
Busan 20x10°° 219x10°® 0.0662 0.0597 2005
Yeosu 20x10 153x10° 0.0635 0.0457 2005
Boryeong 20x10°° 6.76x10°° 0.1275 0.1528 2009
Jeju 2.0x10° 547102 0.1793 0.1687 2003
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