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A Study on Estimation of Design Tidal level Considering Sea Level
Change in the Korean Peninsula
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Abstract The air temperatures of the coast and inland are rising due to an increase in carbon dioxide emissions and
abnormal climate phenomena caused by global warming, El Nino, La Nina and so on. The sea levels of the Earth
are rising by approximately 2.0 mm per year (global average value) due to the thermal expansion of sea water,
melting of glaciers and other causes by global warming. On the other hand, when it comes to designing a hydraulic
structure or coastal hydraulic structure, the standard of the design water level is decided by analyzing four largeness
tide values and a harmonic constant with the observed tidal water level or simulating numerical model. Therefore,
the design tidal water level needs to consider an increasing speed of the seawater level, which corresponds to the
design frequency. In the present study, the observed tidal water levels targeting 46 tidal stations operated by the Korea
Hydrographic and Oceanographic Administration (KHOA) from the beginning of observations to 2015 per hour were
collected. The variation of the monthly and yearly and increasing ratio were performed and divided into 7 seas, such
as east and west part of the Southern Sea, south part and middle of the East Sea, south part and middle of the Western
Sea, and Jeju Sea. The current study could be used to determine the cause of local seawater rises and reflect the
design tidal water level as basic data.

Keywords : Change of tidal water level, Climate change, Design water level, Global warming, Sea level rise
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Fig. 2. The location map of tide station
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3} 2k F 679 29BEL TN AmTHe] 30
W oAk ¥ A== 207048 B2AEJeH, 10d o)A Table 1. The status of tide station
30wkl @EaE 157022 FetE gl Tide station Zone | Deginning of 1) Data
observation (year)

Gadeokdo ES 1977-01 39

| Preceding research |——+ IPCC | Geojedo ES 2006-01 10
Masan ES 2002-12 14

NOAA Busan ES 1956-01 60

Busan(New Port) ES 2011-12 7

Samcheonpo ES 2013-12 1

Tongyeong ES 1976-02 40

45 tide station of
1

Data colection | KHOA Geomundo WS 1982-01 34
Goheung(Balpo) WS 2004-12 12

L ¢  Decision for Gwangyang WS 2010-10 12

period of endlysie Yeosu ws 1965-02 51

- ‘Wando WS 1983-01 33

- Monthly analysis of tidal

Result_analysis |74 lovel Chujado WS 1983-10 33
Ulsan SE 1962-09 54

|4 An annual analysis of tidal Pohang SE 1971-05 45

level Hupo SE 2002-10 14

Mukho ME 1965-02 51

|4 Increase ratio of tidal level Sokcho ME 1973-12 e

for each water region

Ulleungdo ME 1965-09 51

| - |_" Suggestion of Donghae(Port) ME 2011-12 7
Conclusions design tidal level Gunsan SW 1980-02 36
Mokpo SW 1956-01 60

Fig. 1. Flow chart of study
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Yeonggwang SW 2001-11 15 "09 "10 "11 '15
Wido SW 1985-01 31 Heuksando 88 799 01 "02 "03 06 "08 "09 ‘15
Jindo SW 2006-01 10 Gadeokdo 80 "82 "02 "03 04 '10 11 '15
Heuksando SW 1965-08 51 Geomundo 88 "08 "11 '15
Ganghwa daegyo MW 2006-12 10 Geojedo "06 08 "09 '10 11 ‘15
Gyeongin(Port) MW 2012-11 1 Goheung(Balpo) "03 04 "07 '10 "14 ‘15
Guleobdo MW 2010-04 6 Gwangyang ‘04 05 '10 15
Daesan MW 2003-01 13 Masan 02 "03 05 "06 "07 08 "09 10 ‘11
Boryeong MW 1985-09 31 15
Seocheonmaryang MW 2010-10 6 Busan ‘89 11 15
Ansan MW 2002-01 17 Busan(NewPort) ‘09 11 °15
Anheung MW 1986-10 30 Samcheonpo ‘15
Eocheongdo MW 2007-12 9 Yeosu 02 °03 07 "10 "11 '15
Yeongjong daegyo MW 2009-12 7 Wando 05 709 "10 "11 "15
Yeongheungdo MW 2009-08 7 Chujado 83 "84 00 "08 09 ‘10 11 '15
Incheon MW 1959-05 17 Tongyeong "10 '15
Incheosongdo MW 2010-09 6 Mukho 02 °06 09 "11 "15
Janghang MW 2003-12 13 Sokcho 08 "09 '10 11 '15
Taean MW 2010-10 6 Ulleungdo 00 "05 "07 "08 09 ‘10 11 '13 15
Pyeongtaek MW 1992-06 24 Ulsan 15
Moseulpo N 2003-11 13 Pohang ‘15
Seogwipo 1 1985-01 31 Hupo "02 09 “15
Seongsanpo 1] 2003-11 13 Donghae(Port) "09 '11 14 '15
Jeju J] 1964-01 53 Moseulpo "03 709 "15
Seogwipo *08 "09 10 “11 °15
s Z9ARE DAL A9 seonpg CEXEEIEE
ju
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B BAg $A) A9 AF AR BAS 5 29 A5ES A 916 Aol 304 o4

Table 2. The status of missing value for each tide

station
Ganghwadaegyo "06 "08 "09 '11 "15
Gyeongin(Port) 15
Gunsan 80 *88 95 96 "97 "98 "99 "00 01
03 "08 "09 "15
Guleobdo 10 '11 "14 °15
Daesan 03 04 "05 06 "07 "08 "09 "10 ‘11
‘14 '15
Mokpo 08 '09 ‘15
Boryeong 85 "00 "01 02 "03 "04 ‘15
Seocheonmaryang '10 15
Ansan 99 °00 02 "03 07
08 "09 10 '11 °15
Anheung *86 "01 "02 "03 05 "07 "09 ‘15
Eocheongdo 07 09 "10 “11 °15
Yeonggwang *01 "04 07 "08 10 ‘15
Yeongjongdaegyo "09 "11 "12 15
Yeongheungdo 09 "10 "11 15
. 88 00 02 "03 04 "05
Wido 09 °10 "11 '15
Incheon "09 "10 "15
Incheosongdo "10 °15
Janghang 03 04 "05 08 09 ‘10 ‘11 ‘15
Jindo 06 '08 '10 ‘11 '15
Taean 10 15
Pyeongtack 92 "98 99 *01 07 "08
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Table 3. Increase ratio for each station(over 30 years)

Obs. Name ratio(cm/year) years
Gadeokdo 0.306 36
Busan 0.369 36
Tongyeong 0.283 36
ES 0.319 -
Mukho 0.297 36
Sokcho 0.350 35
Ulleungdo 0.571 36
ME 0.406 -
Gunsan 0.302 36
Mokpo 0.928 36
Wido 0.128 31
Heuksando 0.169 36
SW 0.382 -
Geomundo 0.270 34
Yeosu 0.458 36
Wando 0.215 33
Chujado 0.137 32
WS 0.270 -
Ulsan 0.206 36
Pohang 0.614 36
SE 0.410 -
Boryeong 0.570 31
Anheung 0.253 30
MW 0.412 -
Seogwipo 0.487 31
Jeju 0.482 36
1] 0.485 -
Total 0.370

9] Table 33} #o]

E2 FalgRdd $xg ¥

cm/yearZ 7 2 S 7o, Mg $1xsk=
e 2HHB=200AM 0.128 cm/yearZ 7FF 22 g
e Aoz BAEA Ty, FelAT, Sl
5, ST, AT, AssE, AT F 74 gl



PO S e TEF A A B A+
S SRS AT 0485 cmiyear 7 2 7k e EASA. Ao BE 2wE
S 7hRom, dalA el 0270 cm/year2 7Y AHS Zol|A 33.392cm®E 7Y 2 s 2L UM E
= M= Aoz EAHA Fall, s, A, A5 Aoz FAEeH, Mafdie] A= 29u
% a709) sl alw AsEol M 2 Hele Al 22014 3.962emE 7V e A EL 74
0485 cm/year®] gk 7HAM, S5H sEC] 7MY = Aew £4E0I
2k 92 FalZ 0.294 cm/year?] S A= Ao
2 24, vt sl Hit FSES 0370 AR, s desel M 2 s AFE
cm/year® A E T whebA, AAxHE AR Al 0.485cm/year®] k& 7HAW tEoEE Fol
HA gl &) 43k Ao} gk F FjektzE e 0.408cm/year, A@ 0.397cm/year, ‘3l
AANES dejste] AAZE Ak Aol gk 0.294cm/year =02 7t &)<je] A 7}
& Ao s, Eq. (1) 2ol s desdt A &5 =Fsion, felvet el Het A
ANES 18T 5 e AAZS] A4S ARkt SEX 0370cm/year® ¥4 F Ak
=, 30 HIx9 T2ES FEA Gl AAga 714
BrhE 4tz B4 B AHE HunEsld 2 A, Seue sieke] 291E 9 0370emd Sk
94E 0.28 cmoll AANIE 30495 #H3te] 8.4 emE i 7] WEel AAxNE AT Al HA 2
olof & o ARHT) ol ojs) BAE sl A5 A5, G
2R AAREE ayste] AAx
AE AAF= Ao] ntekAst Ao 7 kg o)
D.W.L=App. HH-W.+ R.S. WX D.F+ Fr.-eee- 5 ARk slo] vl A E Ao ® dokErh
(1 . ]
A, 2 ATl mEE Ade dkee] 544
¢17)4, D.W.LE A7 2:9), App.HHW.= o 313 sl dehird % AvlEs e Al
29, RSWE 29458, DFE A/ANE, Fr.e of 7IBARZ T2 A& Jted Ao A9
Sl A},
References
5. 48
: = 3= o = e [1] Intergovernmental Panel on Climate Change(IPCC),
B AT E 715Hsd e gt FjHe] W “IPCC Fourth Assessment Report: Climate Change, 2007
o Bate] BAE7] 93] SEvier 2YB=4 4670 (AR4): The Physical Science Basis, Contribution of
_ N o age Working Group I to the Fourth Assessment Report of
25 deRE A #SARE F8te] AT the Intergovernmental Panel on Climate Change”,
= . = Cambridge  Universi Press, Cambridge, United
Fol 1 SOl tzE o] MAM EE AFS=g] 9] g ty X ge,
Elan gk R sekraEe] AANEE Abgsked gl Kingdom and New York, NY, USA.
=3 3] 3 Do) g2 Al
of A A5Ael ojs) A7) vhee] ST dsE [2] National Oceanic and Atmospheric Administration
S 38T ¢ Y= AAFRY AL AekstgT) o] (NOAA), “Global Analysis - October 20157, 2015.
ue} o3 e ARS8 ©E&3Y) [3] Intergovernmental Panel on Climate change 2013: the
physical science basis: Working Group I contribution to
the Fifth assessment report of the Intergovernmental
AR, AT BALS Eato] BE oA 297} 8 Panel on Climate Change. Cambridge University Press.
o) w0 o) o) [4] Intergovernmental Panel on Climate Change(IPCC),
Holl 718 = et on], 12€04 24 Aol “Climate Change : The scientific basis. Contribution of
o 7} e RHow BAH L) Working Group I to the Third Assessment Report of the
Intergovernmental Panel on Climate Change”, Cambridge
Univ. Press, Cambridge, 2001.
=4, AgT BAE Bkl P & ST M [5] J. W. Kang, N. S. Oh, “Analysis of Sea Level Rise at
2o NEES FA 2oBEAL BT A the Southwestern Coast”, Korea Water Resource

471

Association, Vol.2004, pp.1018-1022, 2004.



FFAE &= BA) AT A45, 2016

[6] K. W. Cho, J. H. Maeng, “Some Thoughts on Direction
to Cope with the Sea level Rise in Korea”, The Korean
Society for Marine Environment and Energy, Vol.10,
No.4, pp.227-234, 2007.

T. K. Song, “Effects of Sea Level Rise due to Global
Warming on the coastal Defence System”, Univ. of
Seoul, Dep of Civ. Engrg, Ph.D Thesis, 2008.

S. M. Oh, S. J. Kwon, I. J. Moon, E. I. Lee, “Sea Level
Rise due to Global Warming in the Northwestern Pacific
and Seas around the Korean Peninsula”, Korean Society
of Coastal and Ocean Engineers, Vol.23, No.3, pp.
236-247, 2011.

DOI: http://dx.doi.org/10.9765/KSCOE.2011.23.3.236

C. W. Lim, D. H. Kim, S. B. Woo, “The Regional Steric
Sea Level Rise due to Global Warming in the
Northwestern Pacific”, Journal of Korean Society of
Hazard Mitigation, Vol.13, No.4, pp.267-272, 2013.

DOL: http://dx.doi.org/10.9798/KOSHAM.2013.13.4.267

J. Y. Park, Y. S. Bu, D. W. Lee, “Analysis of Influences
on the Coast Construction Facilities depending on Sea
Level Rise”, Korea Academia-Industrial cooperation
Society, pp. 825-828, 2009.

T. Y. Kim, K. W. Cho, “Forecasting of Sea-Level Rise
using a Semi-Empirical Method”, Journal of the Korean
Society of Marine Environment & Safety, Vol.19, No.l,
pp-1-8, 2013.

DOI: http://dx.doi.org/10.14346/JKOS0OS.2013.28.5.1

(7]

(8]

(9]

[10]

[11]

[12] J. J. Yoon, S. I. Kim, “Analysis of long period sea level
variation on tidal station around the Korea peninsula”,
Journal of korean society of hazard mitigation, Vol.12,

No.3, pp.299-305, 2012.

J. W. Kang, Y. M. Joo, H. G. Cho, H. M. Kweon,
“Spatio-temporal Variability of AHHW in Relation with
the Design Sea Level”, Journal of Korean Society of
Coastal and Ocean Engineers, Vol.26, No.2, pp.72-80,
2014.

DOI: http://dx.doi.org/10.9765/KSCOE.2014.26.2.72

[13]

Ef =(Tai Ho Choo)

=
-

b

¢ 19980 129 : Pittsburgh et
antgisty BHEEFSY (34
2] ¥h

e 19843 29 2002 99
K-Water 9179 #JATY =

e 2002 99 ~ A . FaAEw
AP A A 2 S T

472

Al
(=]

%= &(Su Yong Sim) [E2I3]

e 20121 29 :

AN 2R (3

>
g

AYB) 87 A 2R Ak

of

Ho
v
o
g
;.<
£
x
o
o

* 2016\ 29 :
gt (F3Ah
2016 3€¥ ~ @A FAYEh
A3 B A 2Bl Sk A ALY

AT eh

<o
FelvE, 4, $AR
bt &4 Zl(Sang Jin Park) [Z3|2]

e 2016 2¥ : FAUEN E5F
st (B

20164 39 ~ @A
AbE B AN 28 38T} AL



.

%

]

o
2
=

[H=

2t 2 Al(Kil Sin Kwak)

Hoo Y A
I
il <7 Wdu
o)
BB 4 X
or ol 0
S £ I3
R
L BTNF; W__m
.o e Tl
Jaﬂx_uéwﬁ ,&
R
o |
un.#(unﬂlunaﬁ
[o SRR o IRNTANN 7 o
ST SESE
Q&K
L] L] L]
N
ks
.;Jv
‘6 -
L.

J.
i
o

473




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


