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Abstract : Due to physical processes varying in space and time, regional sea-level rise (SLR) significantly
deviates from the global mean. Thus, understanding and quantifying the contribution of each process to
regional sea-level change is crucial to prevent low-lying inundation in preparation for future ocean conditions.
In this study, we assessed to what degree sterodynamic (SD) effects (i.e., density-driven steric expansion and
mass redistribution due to ocean circulation), contemporary mass redistribution (CMR), and glacial isostatic
adjustment (GIA) contribute relative sea-level rise around the Korean coast from 1993 to 2018, with
independent observations and reanalysis datasets. The assessment showed that the tide gauge-observed SLR
trend can be explained by the sum of each component at 16 of 19 locations. The major contributors to relative
SLR are SD effects of 2.03+£0.27 mm/yr and CMR components of 1.31+0.05 mm/yr, while GIA drives
sea-level decreasing of -0.27+0.15 mm/yr on the Korean coast. It was also found that the spatial deviations of
SLR are primarily caused by the SD effects. In addition, the evaluation of vertical land motion (VLM) based
on altimetry and tide gauge indicates that most tide gauge locations have experienced uplift during at least
altimetry period, whereas Wido station has experienced particularly high rate of subsidence that contributed
to the SLR acceleration. Further examination of the impact of earth deformation due to CMR, GIA, and local
process on the VLM trends demonstrated that the GIA and CMR contribute to land uplift with the average of
0.354+0.15 mm/yr and 0.17+0.05 mm/yr, respectively. On the other hand, the local processes like groundwater
depletion and sediment compaction showed a wide range of variability, from -1.61 to 0.58 mm/yr, indicating
a significant contribution to regional differences in vertical land motion.

Key words : sea-level rise, vertical land motion, budget analysis, sterodynamic effect, contemporary mass
redistribution, glacial isostatic adjustment
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A AT Bt s 7]1stke] =8 XAk 19
Al A 2ste] JFor A&HH o7 Akl jle
(Cazenave et al. 2014; World Climate Research Pro-
gramme global sea level budget group (WCRP), 2018), 9|
2 QI8 =A Ao @ AR Sk 42 Sle] Hla
SIeF. A4 Q) LslolE B7ska X|oHel g A
5e A AT BEe A AejHom 2 xjelg B
ot Aol A&k 1993 AR E 2017W7kA] A X
T B A ASEE oF 31503 muiyr Uehto
e 717 Aol A AT Bgnch 2 whes) A
ST AR 7ol Akzo] Ae] Uehbx] stk Zhang
and Church 2012; Moon et al. 2013; Hamlington et al.
2016; Cha et al. 2018; WCRP 2018). $Hit:= IQko] sHt
Sl A4S A AT B GAkA et A
Aoz Zolg Hole Zlorm HIEHUHE|FAH:
2021).

A AT et s s oh=A A2 s
| T o8 ZJo|E Hole Tt ZRA|Lo
J3FS wroba] LFERATHGregory et al. 2019; Harvey et
al. 2021; Cha et al. 2023). A5~ H3KRelative sea-
level change)= 3jA]H(sea floor)o] T3t dj~H HII=
oujaho, #we] $1lo] FFFE W] v 2|7 4]
ogny s AHsE Uehle 24 s5w
HSK Geocentric sea-level change)@} FEHTE A ¥#9]
A slled Wk (1) sfidedh st o]t stero-
dynamic (SD) &, (2) T} S2]2] A Weho] whe
2=k Aul x](Contemporary Mass Redistribution, CMR),
(3) 3H]7] 25 -%(Glacial Isostatic Adjustment, GIA)
5 Rt =214 2(physical process)oll FaFe W=t}
(Gregory et al. 2019; Frederikse et al. 2020).

Relative sea level = SD+ CMRpg + GIA zg; €]

SD fih= afofegtat st o3t 4= Hake
H} F2Aste] o3t FulHsl Bk ofue} s gl
O3t Z=F AfEHll(ocean mass redistribution) &1} = ESH
3ttt CMRE t)& 3K glacier)Q} ®JAN(Ice-sheet) 2] &
€, %A A4==HLand water storage) H3}ol| o|5t 3j4=H
HILE on|sin, Aefste] whE S s} Bl 2|2t
tH 9|(Solid-Earth deformation) E7}S Z§5}7] wjo]
AslA] oFa1 Ao g zo]E HItKFrederikse et al.
2019). GIAL Wapr| $2 & Yot 282 gt Zeus)
o} sl Azke] Fa olulstel goItel she W
ol YIS =k 47k 94 BAel et s A

o A3t e ® AolE Holn SD A et CMR-- 3
T Aol 7 w8 719=E 2dvkal dHA ek
(Wang et al. 2021; Cha et al. 2023). | E9°], |92l
Sl Aol qlof flofl AuE =24 HHEY] 7=
= 2A5H7] fItt 50l AEA R AR QA
(Royston et al. 2020; Yang et al. 2022; Camargo et al.
2023), o5 IS ARE-E1e] wet 2 Aol & Ko7
ool Ee]%] Ipgef 7Rkt X sl Adgoll ot
B7be oAs] BE3 Aol

2] Z]Ht @-5(Vertical Land Motion, VLM)-2 ]5}2]
T4 ZAYe oulsh, CMR, GIAQF -2 2142l &
olmul opja}, x99 2¢]l Q ¢l(Local Process, LP)o]| 2]k
Aut 2o & 8RS Wh=TKChen et al. 2018; Frede-
rikse et al. 2019). GIA} CMR-2 VLMo JaFe F= F
2 f9low Her o] HYSHE Aoy FAHow
Hzpo] §715te] Sj4 S oISt ek 441 Ao
ol Hoixwl Xzto] ssto] snlo] ARtk Fre-
derikse et al. 2019; Harvey et al. 2021). X|3}<= 7lg, AA-
&, A WE, BHiE OF o 2 LPe A9
VLME #AA]7]aL, o= At sl wiste] g3ks
of 29T sl st 524 HHE T Akelel
2}o] S WA 71T Harvey et al. 2021; Wang et al. 2021).
olzigt thaket a]lefl &gt VLM | S A3l Zpo|& of
718k AR 9] = b A1S Tttt ol
o= <tk A AA et Aee] VIME +7435H7] 91%h
o ALE0| QJQIXTHHan et al. 2015; Chen et al. 2018;
Watson and Lim 2020; Harvey et al. 2021; Wang et al.
2021), -sofAlof =8 o] VLMo thgh k= ul3gt
AlAo|t}. Chen et al. (2018)2 ZYT=Al7 e} Y=
AwE 285t dE=aet F-sF=s e VLM
5 i e VIMO2HE GIAY] ks &
gfsto] 2 @Rlo] ks RIS o CMRof| o5t
A|ZF 9] B =R Skt VLM At 2149
e s B shdell 9 & 4 Qlol FaAol o
FEARE I 7)o ofds] St Ad=eloh whet
A, s s st Brksk] flsliAle At A1
ol VLME #ofsh= Zlo] d4=2lo|tt.

2 Ao Rt Afte] il S 7
18l 197 29854 AmE ANESte] AisieHe
S T Y vA= A4 =94 Y Vo= E £
Astlal, A E45 B8l =94 Bgo] et s
Foa ABY 5= UeA IRl F7H oz A
9] VLME F4317] 9l8fl I duSsleyt 29185
s S F8l F VIME 345k om(Han et al.
2015), GIA, CMR, LP7} VLMo &uj} 7|ojg=%] H7}
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2. A2 W upy ECMWF ERAS W71} AA&E ARg3to] 7]t Hsto]
w2 s WE GHs AlASHICH

A= 2 9jE 4] A S wsks s wo] et s

ahile olore] At sl wake slekalz9le) Y W wieke ojujshuE, VIMO| ek wHeck S B

gAY HithrE] AL Anl2o)A Algshs 29
=225 o83t http://www.khoa.go kr/oceangrid/gis/
category/reference/distribution.do). 29| &= A2 F3,
Alsl, Fall, AFAgtolA & 197] AHez A=A
S HIWE ff8f 1993 9FE o] 87Fs3E S AR
S}ItKTable 1). 29U Arze 540 o)d, ju
Al, &3 5ol o8l 7I=de] Hete et Wd 4= 9l
ok olefet 29kRS 7R s A flsf s
Z=AFEL (2021)+= Rodionov (2004)0)| 4 AA|SH 71& HE
O] AAI e regime shift)S 2= SA1A Wil ARE-SHo]
29 Ard 7R HeS S s S 2
717Hcutoff window) Hwtit HAE Albsto] v 231
Bato] HAF YIS HlojusA| watsto] 714
AhEshe W olth HalAoA AAIgE 42217
W= ZHgsto] 1AE 290 ESAkR 25k
sto] s WIS Slskink B3, 29wk
Hak= 719 wste] whE sl s aael o7
(Inverted barometer)7} E3tE|o] Qlct o]& HA317|¢

;

N KON g
w2 oo MR E g

> o off o
B = C A

[g)

d fob

22 o] g A s watel T4 (1) CMR,
GIA9|| gt VLMaTH= Zg3lA|yt LPE <18t VLM
(VLM )& Z351A] 97] wito], 2920 Ab)
S5 sk chewt he Ao Uiehd 4+ Qlc(Harvey
et al. 2021; Wang et al. 2021).

SL pyge = SD+ CMR g + GIA pp — VLM, 2

=i}
=

o] sl welE o
A AF 993 sfl4=H(global-mean steric sea-level,
GMSSL) A& tslo] AARKGregory et al. 2019).
8k31 %= X}E= Copernicus Marine Serviceol|A] A|-&dh=
CEMES global ocean eddy-resolving reanalysis 12vl
(GLORYS 12v1)9] 3= zo] z}ae AFaaHckhttps:/
data.marine.copernicus.eu/product/GLOBAL MULTIYEA
R PHY 001 _030/description). GLORYS 12vl+= 2F 8km

o 5% SVES 2t YHE AR 193 0E FApt

Table 1. Locations of the tide gauge stations used in this study

Tide gauge station Number Longitude Latitude
Sokcho 1 128°E 35' 39" 38°N 12' 26"
Mukho 2 129°E 06' 59" 37°N 33' 01"
East Sea
Ulleungdo 3 130°E 54' 49" 37°N 29' 29"
Ulsan 4 129°E 23' 14" 35°N 30" 07"
Anheung 5 126°E 07" 46" 36°N 40" 29"
Boryeong 6 126°E 29' 10" 36°N 24' 23"
Gunsan 7 126°E 33' 47" 35°N 58' 32"
Yellow Sea
Wido 8 126°E 18' 07" 35°N 37' 05"
Mokpo 9 126°E 22' 32" 34°N 46' 47"
Heuksando 10 125°E 26' 08" 34°N 41' 03"
Chujado 11 126°E 18' 01" 33°N 57' 43"
Wando 12 126°E 45' 35" 34°N 18' 56"
Yeosu 13 127°E 45' 56" 34°N 44' 50"
South Sea
Tongyeong 14 128°E 26' 05" 34°N 49' 40"
Gadeokdo 15 128°E 48' 39" 35°N O1' 27"
Busan 16 129°E 02' 07" 35°N 05' 47"
Jeju 17 126°E 32' 35" 33°N 31' 39"
Jeju Seogwipo 18 126°E 33' 42" 33°N 14' 24"
Geomundo 19 127°E 18' 32" 34°N 01' 42"
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A AtzE Al5Eteh. GMSSL H3Hs Alitslr] 918l nsti-
tute of Atmospheric Physics (IAP, Cheng et al. 2017), Met
Office Hadley Centre (EN4, Good et al. 2013), Japan Me-
teorological Agency(JMA, Ishii et al. 2017) A 7]&+9] &
H BEARES AT 7 7o) S gn maa)
o) mE Bgslo] GMSSLE AAteidL, ol g ejst
S0 elel SD mIE AAkSHL,

=

CMRE B30 853 A Aol ofjt §Fo=
Frederikse et al. (2020)of|A] AR&3E 1/2° =S ZH=

A 4w Wk ARS ARSIk o Ams
2003418 71H0R, 1 oje] ¢ WHUEI melm
= Ahgste] CMRol o3t sl WEkE ATAR A,
1 o]Zt 287 94 GRACE (2003-2016)2} GRACE-
FO (2018-)¢] A¥E &-g-sto] A4d3k3iek GIAS ¢
3t sl W3S £4517] ¢J8l Caron et al. (2018)2] &
gl AuE ARSI Caron et al. (2018)2 128,00071 2]
Algdlold AE M= Batste] $H7] 2585l
ofat mI}E 2Hal9lon] GPSY} ZoITE RS AL
sho] HElO] oS =3tk CMRY GIA= s
H3ke} VIMS 36| wlzol 9] Aoz yehd
T Utk

CMR g = CMRpg + CMR 74y
GlA g = GlApg + GIA 3)

o]7]4 GSL& A4l 3l4=H(Geocentric Sea-Level, GSL)
WISHE ofulali, RSLE Achalswl sk VIME 44
A 52 oujgity. & dA-tolA, ZF B4 2H(SD,
CMR, GIA)of| o3t Aol sfj=H go] ghitte ¢gtolA] =
ShuZne] sl A4S 2 ARSHEA SRlshelT, &
22 3ol ofek ) slswl wale] gl 2olu o
H s A= F5l LPol| 2Jgk VLMO| kS 4513l

A4 SR BIBHE A7 F AL RRE sl 7]
2] H3E ou]str, Al £2]4] 2H(SD, CMR, GIA)9
ofgt A4 S wske) gow w4 ok

SL ;7= 5SD+ CMR ;g + GIA g, @)

shike Zwisjelo] 2|4 siem Wske Bklsly] 9l
Copemicus Climate Change Service (C3S)o]|A] A|3-3}=
AR AT HEEBE AR AgShichhups:)
cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-sea-lev
el-global?tab=overview). ©] A}E= ojd] A9 A=At
2 Balol 14 shdes A48 o Ame 7|9 w,
24 Sof that BAgo] ojFolzith. ) S AMESIe]

1993 A+ E] 2018W7HA] $HikE Z=HH Q]
2 selstgln 25luSARet vlws
oA VLMZ F73835H3iek 2 glol8 9 4
Al (east square) 0.2 AT, A58 95% A1)
T EZ 9 x(standard error)E ARESFY] AlAksHST)
Z2A| 0] 7] E3MMYE 7 R A9 AlFH(Root
Sum Square)& FsiA H7ISkATH
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b whel, 29403 Sl s Al sl R o
H(sea-floor)o]] thgt szo] HI}E oJu|al7| wjol VLM
9] o8k HH=r}(Han et al. 2014; Gregory et al. 2019).
webd, SRS A4 S WeksL,, ok 2euE
A sl HIK(SL 43,) 8 ZF1E Sl A2 AHE-52
A8RS H71EE 4= QItH(Ostanciaux et al. 2012; Han et al.
2014; Chen et al. 2018; Watson and Lim 2020). & <I5Lo]
Ae 29 AT 7P R Ao 914 sl WSk
2} 29 B=9 A VLM, 7., ATG: altimetry minus tide
guge)® E3 TR Q] B VIME Sgelsi,

VLM 7= SL 417~ SL 4 Q)
Z VLM GIA®} CMRof| w2 AFA 2] Q1 AR 58

h:L:|
fu o
gk oke} LPo] @Jake W] wie] theo] Aow Ea

g 4= Stk

VLMg,= VLM gy + VLM g+ VLM, (6)

VLM, VLMo GIA, CMRO 2J3F A9t -5
UWetW L VLA, LPO o7t AE 25 Sfu]dhet
(Frederikse et al. 2019). VLM, Caron et al. (2018),
VLMo Frederikse et al. (2020)2] ¢17] 2|uF &% =}
B ARSSIAAL VIM, & A (2)014 At ghe AMg-
sholck B AollA ST Z9BS Sl Aol
(VLM 1) & 530 il qilolld] 5 VLME F4sl9l,
I/[’]l/[ATG'v"(E%: I/[’]l/[(}IA’ VLMCAZH’ VLML{)ml'O/] —§:}( VLMS’I/ZM)
3} ulmste] 2 GAvt ke A9k A4 AW L5
AE 5 QA SISk,
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gRletr] flsf 29uSat 18S9 died AsES
Fig. 10 Uetth. 29183 275 ARgsto] ghite o
Qre] Bl Ao ERIgE A} HF 3.22+0.33 mm/yrE
A AT Hat Bl AFSE(3.1£0.4 mm/yr, WCRP 2018)

R tHTable 2). 34
H At ASES A Fo] 2.5440.30 mm/yr2 Wil
Haliot 3.02+0.31 mm/yr, AJ3[2t 3.39+0.34 mm/yr, ‘55
3.79£0.36 mm/yr <=2 2 UEPgth s A £e0)
7P =g A et A9e AFER OF 2.45+0.30 mm/yr
o] AsEo] YehaL 7P mEA Yepd 92 &5
(6.83+0.63 mm/yr) = A A7 BFL} vlw s Ful o]At
w2 et A sjgedhat A Y d8F
(ocean heat content) H3h= 5= 212 3|9 l4=H A
42 o7& 4= UtHChoi et al. 2009; Yoon et al. 2016).
g Eol, Bl 9&e] wpgl siget BEe] Artke- 5
S7h ght P = AL 37-41°N Mol F25hH,
1 9= A 5] ool WEAs 7=, &5t
= AR FFol AT o o WS Fo] Foow Q)
5% FH oA =2 s sl Uehdtial B

2} Wl ofk WE 58S

1% v} Qi Yoon et al. 2016; Lee et al. 2022).
A slil=H2 SD, CMR, GIA9] ks wh7| wj&o],

=84 Il 29U= AoA s o= 2 AR
7
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5
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Fig. 1. Sea-level trends (1993-2018) estimated from satellite
altimetry (spatial map) and tide-gauges (color dots).
Note that each observation is defined with its own
reference in measuring sea-level change (see main

texts for details)

124°E 130°E

Table 2. Sea-level trends (1993-2018) observed by satellite altimetry and tide gauge stations. For comparison, contributions
of sterodynamic effect, CMR, GIA and their combined effect (Sum) are shown together. Uncertainties are estimated

with 95% confidence intervals

Station ;:it;llz; Tide gauge Sum Ster:g?; l:tlmic CMR GIA Local process
number (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr)
1 4.29+0.26 3.05+0.27 2.60+0.31 1.59+0.26 1.28+0.05 -0.28+0.16 -0.46+0.41
2 3.31+0.25 2.59+0.27 2.62+0.30 1.58+0.25 1.31+0.05 -0.27+0.16 0.03+0.40
3 7.434+0.60 6.83+0.63 5.33+0.55 4.19+0.52 1.35+0.05 -0.21+0.17 -1.50+0.84
4 4.30+0.26 2.68+0.28 3.04+0.29 1.98+0.25 1.35+0.05 -0.29+0.14 0.36+0.41
5 5.15£0.34 2.65+0.34 2.86+0.31 1.93+0.26 1.25+0.05 -0.32+0.15 0.21+0.43
6 5.01+0.34 3.63+0.31 2.85+0.30 1.91+0.26 1.26+0.05 -0.31£0.15 -0.78+0.43
7 4.20+0.33 3.47+0.33 2.88+0.29 1.91+0.25 1.27+0.05 -0.30+0.14 -0.59+0.44
8 4.07+0.33 4.97+£0.39 2.95+0.30 1.96+0.25 1.28+0.05 -0.29+0.14 -1.61+0.49
9 3.38+0.34 2.61+0.36 3.01£0.31 1.97+0.27 1.30+0.05 -0.26+0.15 0.40+0.47
10 3.89+0.31 3.00+0.32 3.13+0.31 2.10+0.27 1.28+0.05 -0.26+0.15 0.13+£0.44
11 3.65+0.30 3.26+033 3.11+0.30 2.02+0.26 1.32+0.05 -0.23£0.15 -0.15+0.44
12 3.31+0.31 2.88+0.32 3.14+0.34 2.07+0.30 1.32+0.05 -0.25£0.15 0.26+0.46
13 3.45+0.31 2.62+0.32 3.05+0.32 2.00+0.28 1.33+0.05 -0.27+0.14 0.43+0.45
14 3.88+0.28 2.52+0.29 3.00+0.30 1.94+0.26 1.34+0.05 -0.28+0.14 0.48+0.42
15 3.75+0.25 2.94+0.31 2.97+0.29 1.91+0.25 1.35+0.05 -0.29+0.14 0.03+0.43
16 3.93+0.24 2.92+0.28 2.98+0.29 1.92+0.25 1.35+0.05 -0.29+0.14 0.06+0.41
17 3.73+0.29 2.67+£0.29 2.9540.31 1.83+0.26 1.34+0.05 -0.22+0.15 0.28+0.42
18 3.324+0.27 2.45+0.30 3.01+0.31 1.86+0.27 1.35+0.05 -0.21£0.15 0.55+0.43
19 3.49+0.29 2.49+0.32 3.07+0.30 1.97+0.25 1.35+0.05 -0.24+0.14 0.58+0.44




36 Cha, H. S. et al.

sh=A] 2Rlstr] sl 2F 224 2HAgol ozt s A
SEY T 2985 s A5 ES vl yithFig. 2).
A Ax 7F 3y o) 2 S5, HYg s ARt 16
7N Aol A A He] WollAl 29185 sl s
= A= & S Table 2). &% 2ol 23t sfi4=
H AsEY o2 Alsl AQtollA Hat 2.95+0.30 mm/yr=
U, Al 2 3.0140.31 mmiyr, EEIQF 3.04+0.31 mmy/
yr, 59f 3.40+0.36 mm/yr =0 & YERGTE 713 =24
UeEl= 98 £ 72 2.60+0.31 mm/yre] A5ES B
R, &5 EE 5.33+0.55 mm/yrZ2 7P W2 YERGS
L 2913} vjwsiA] sl Wkt skt
o} T8t SD FIH= FF 2.03+0.27 mm/yrZ ZF 2| Ho]
Al 60-78%2] 7|05 UEHHEh olF, EooA 7P &
< d5E(1.58+0.52 mm/yr)o] HSE QAL ST =4
7V 8 A E(4.19£0.52 mm/yn) 2 Ao whe} & H
A Hlck Wske] 8-g(ice-melting) B FA| A4
(land water storage) 3} T3S CMR-2 Hat 1.3140.05
mm/yr= o 25-40%°] 7|oeE Ko, X|oo ueh
FeEo] T AolE HolA| stk ®HH, GIAE -0.32-
-0.20 mm/yr2 ko] 2 &AWt SD, CMR} th2 7
ARt silem sl 71olehe Mg Kt GIAY ofgt
A2t ¥y sk Soplelzl ERd, '@ 5 Wklol
< "ot Al X Hof|A =ZA g7k, WEC] 571 AY
o7 o]Fdte| wet QT A Y] X7 AA sk
Z4&Fo] YEPI Tt Tamisiea and Mitrovica 2011). SHE=9]
785 ot 24 SAAZRE Hel "olA Slo] L Al

717k ofska A]zjo] ofstAl A%k, oleldt f o
HEe =0l A GIA©| o3t sl shd oF7|etch
7} =24 ago] gt At s Aol ojEA 7]
olsli=] BRlsl7] i8] BAHERS SRl ATi(Fig. 3).
3L SD o] Ok 2|94 S Aol Zol7} vl
AR W3} S A4Sk ol FHsHAl 71ofstkar QL

= AMAS HojFEa QItiWang et al. 2021; Cha et al.
2023). B, £2% FulalolA SD wo] ot a4
A 5ol =7 vehu=d|(Fig. 3b), ol sfid<ee Ha}
gF S8 Wt &5 s Aol =

9.5 ofujgith. TRE Bali, 22 |0
7} Beln el T E9WE L SPBZ 0]
WA e AE-S HOItKFig 3a, Table 2). afjofd
o S, 441 A%, 4 44 £ el 5L aiR
o sme} 91719) AWY EAS WA 4 g,
GLORYS RHle 255 FHsqo)A sfofeehe Ad
shzd] Bgho] gl Ao WehEth CMRI GIAL
SDI} H| 34| FHEE AQtoflA FXHA o2 ALY FUTH
Bmg molth Rolwlert Bad, 2w, U 5t
o] Wst g5l &gt AF o] 2 Ao q1et A
oJelss 52 s} 9 X7} W) fajo] ke wol 4
o sl Aol BP0 2 xfo]7} LiehdeCaron
et al. 2018; Peltier et al. 2018; Frederikse et al. 2019).
SHAL gk s o2 st 859t He HolA
slol BAHH O 7o) Felg A% HEE HelrKCha et
al. 2023). M= AL Al i<W A4 23}, SD,
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Fig. 2. Bar plots generated from Table 2
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Fig. 3. Relative sea-level trend maps around the Korean Peninsula from 1993 to 2018, (a) the sum of all components,
(b) sterodynamic effect, (¢) contemporary mass redistribution (CMR), (d) glacial isostatic adjustment (GIA). The

black dots represent each tide gauge stations
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o] A3 7o) et Table 3, Fig. 4). VLMe] 7}
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Watson and Lim 2020)1} B 232 o] xjo]& Hlth A
YA} Apol=, AP Aol VLM 4 Al 914885
717k wrt o 71 717ke] 29UE ARE AR

oAl 7]olg 4= QI E3h E oAl Ak (2021)
HaxoA AAGE 2985 A=Y 7|ed Bes B3
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EE e AQtolA A|wko] g5k S-S HSlth
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i1, GIAE= %+ 0.35+0.15 mm/yr= CMR¥} H| W) 4] oF
20 W2 eEe etk VM, & BA o= -0.07
+0.46 mm/yr=2 YUERGET, oA -1.61+0.49 mm/yr=
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Table 3. Two types of Vertical land motions (VLM 1, and VLMg;,) at each tide gauge station estimated in this study.
For comparison, contributions of CMR, GIA, and Local process are shown together. Uncertainties are estimated

with 95% confidence intervals

Station number ATG SUM CMR GIA Local process
(mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr)
1 1.24+0.37 0.11+0.44 0.20+0.05 0.37+0.16 -0.46+0.41
2 0.72+0.37 0.57+0.44 0.19+0.05 0.35+0.16 0.03+0.40
3 0.60+0.87 -1.05+0.86 0.16+0.05 0.28+0.17 -1.50+0.84
4 1.62+0.38 0.89+0.44 0.16+0.05 0.37+0.15 0.36+0.41
5 2.51+0.48 0.84+0.49 0.21£0.05 0.42+0.16 0.21+0.43
6 1.37+0.46 -0.17+0.46 0.20+0.05 0.41+0.15 -0.78+0.43
7 0.73+0.46 0.003+0.47 0.20+0.05 0.40+0.15 -0.59+0.44
8 -0.37+0.51 -0.98+0.52 0.19+0.05 0.38+0.15 -1.61+0.49
9 0.76+0.49 0.92+0.50 0.17+0.05 0.35+0.15 0.40+0.47
10 0.89+0.44 0.66+0.47 0.18+0.05 0.35+0.16 0.13+0.44
11 0.39+0.45 0.32+0.47 0.15+0.05 0.32+0.15 -0.15+0.44
12 0.43+0.45 0.76+0.49 0.16+0.05 0.34+0.15 0.26+0.46
13 0.83+0.44 0.95+0.48 0.16+0.05 0.36+0.15 0.43+0.45
14 1.36+0.40 0.99+0.45 0.15+0.05 0.36+0.15 0.48+0.42
15 0.81+0.40 0.55+0.46 0.15+£0.05 0.37+0.15 0.03+0.43
16 1.01+0.37 0.59+0.44 0.15+0.05 0.37+0.15 0.06+0.41
17 1.06+0.41 0.73+0.45 0.14+0.05 0.31£0.16 0.28+0.42
18 0.87+0.40 0.98+0.46 0.13+0.05 0.29+0.16 0.55+0.43
19 1.00+0.43 1.05+0.47 0.14+0.05 0.33+0.15 0.58+0.44
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Fig. 4. Bar plots generate from Table 3
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