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olth. 27k WA A& flal AARAPHEE o]gste] X312 9 (Digital Elevation Model, DEM)& FZ&3}0]
14.4 cm®] root mean square (rms) 2xH5 2= YUt 2 A5E YAkt Al3ks 23] WAL 1910 ]

o= 165.1 km?, WA k3 2121 19910 115.2 km?, 20108 2] Bl A 7)ol 5.6 km?, Z9Hd 4 7}
& 51 2013dell= 20.3 km?2] A8 WSS BATH AlgkE Z0thE AP EA7E e Sl A9 AEEe
w, 2012 2R 27t 7Fs EAA R AR 248 A9 dlg S5 S7FR Q& 11 Holr A SHES
oh 2 7o E P Alsks 2l e 2] FE 270 599 £2 dojH, FlEH A &
Ao AF A Al EA &84 - S Flolth.
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Abstract — The intertidal area in Lake Sihwa formed after operation of Sihwa-Lake tidal power plant and the
change of the area in Lake Sihwa by period were analyzed. For computation of the intertidal area, remote sensing
techniques were applied and high resolution Digital Elevation Model (DEM) was generated with root mean square
(rms) error 14.4 cm. The intertidal area was 165.1 km? in 1910s, 115.2 km? in 1991 before completion of Sihwa
dyke, 5.6 km? in 2010 during the period on operation of sluice gate, and 20.3 km? in 2013 after operation of Sihwa
tidal power plant. Intertidal in Lake Sihwa was nearly dissipated after completion of Sihwa dyke, but significantly
increased with operation of Sihwa tidal power plant from April 2012 as developing a regular tide environment and
increasing of sea water flux. The re-formation of tidal flat of Sihwa Lake is an uncommon case. This study that
precisely analyzed on the area of artificially formed Sihwa tidal flat would be applicable for management and mak-
ing conservation plan.

Keywords: Intertidal area(Z=7Ftl] ™ 4), Remote-sensing(¥ 2] &-A}), Digital elevation model(5=*] 3 1 & &),
Lake Sihwa(A]3}%)
1.AN B U AT k] I EENE AR S ddte® ZlsE Al
SA W PR AIS s A Alsh A AR Qe wAf
HA FAREe R FElw A FY AlgtE 9 L 9me] F 1 YR Fle AAESITE AlSEA S U £
Zexkel A G AR 54 wiitel] 5l gzt 2 dhdwo] Qllet. ANk ofuel S41gk FAokskE skl aL(KORDI[1999];
AR, PR, OIS, o, H% 58 E¥ehe FAE U Park er al[2003]), ©l°ll R AlgkEe] ©8lE skl vl
gje] = el vkt o] Aalsigion], A7 Uelld  IHE 29S Bt slgeslE 3aF o= whagshy ol o] Etk(Kahng
FARRe] 7hE FgE A 9ol ltk(Statistics Korea[2013]). 28] et al[2005]). et vliEgEe] 7222191 Tl ala-f-gke]
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FH 5ol ) B9 FoAo] A UiFEwEA AR Mzl
oM 7] IHAE I s U (Eertman et al.[2002]; Gray
et al.[2002]; Young and Ishiga[2014]), Q1354 W QlF 7=
2= 7A9-% EPsItH(Tong et al.[2013]; Wataru et al.[2014]).
U] Aol 27 FlE Al nlal] E Al A
e, N Z7iie) -s-e] IR AR mi A, A A
AW Fo] YA St o APHARREe] XEE gl ol
SEivkEr 2200 AR = 2] Cite] F9lE iy A
A= Eeka A Zbet SEA 7 EA e 9ol = AL
A AU AL 55 AAE 7 de A 2V FSA
ol S NEAR, GAPEA T Uie$] TS EAR
). ol wist A vty o} AA A AR A4S th(Kang
[2001]).
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2. F| = 3l HiH

2.1 972K

2 AT A AlEkE U5l 343 Z1tdolw, 37
SPIA] 4 Lol AxIgh JE 209 AR S} QP Aol A
7174 591 A3} MTV (Multi Techno Valley) %2] &5 27t
EESHFig. 1). &0 F2 = QRIAT =go] X[A7kA] A4
o7 AAsielom, £ XX WA, Bk, Atslde A4
ool EelalA] ATh AFAFO T 9 375 154 ~ 275 2443}
A% 1265 354 ~ 12652 4832 $17 0 dldshz % o|t).

1994 AlshgzA7} =AM AlSkE £92 240] Yl
I or Wakglon, 11 U] 23hE AR THFig. 2).
o|F Algkas T4l =oksl EAlof 2selal, 1998 de] A=
HiEtg B8t slrfire= AdstaA Algse] @eskE 27
3l7]ef] o123t} o] 2 Q18] Al3lE USelle ThA] Bt e 124]0]
ThEo] o, Rl Al 277t A= ]I 2012
FEl = Al3ke Z3e 2 (tidal power plant, ©]%- TPP)Y| 7 Fe-% A
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Fig. 1. A study area for analyzing an intertidal area in Lake Sihwa and sites for elevation measurement by RTK-DGPS for a calibration

of extracted waterlines.
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Completion of
Shihwa dyke (1994)

Preparatory period of
seawater desalination
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Tidal height
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slo] A 42 1 2 @ (digital elevation model, ©]% DEM)S-
S8 AR=EY. 7 A7 27k WA 2492 98l Landsat 52+
7] gl F 227 AREE ATt 1910t 231l WA AlEell= &
AF=T *P?‘?} FASERIA DS 1:50000 2] 1A =5

0|83ttt Q1T L 5ol 2k AkRiglo] #40] 7hs3h
:,Lwn—;qﬁLﬂ- 10% ©]3Fel GAHS- 1| =7%] " FA 2~ (United States
Geological Survey: USGS)Z7E 2533t} AlshyzA] ¢k
Q1 1991 9] Z3tl W4 A elli= 37%9] /o] O]%E]‘iiﬁ} Al
A 3 ) e 299A 7181 201199 Z27bk) WA Ab
Zolls 27 082 2010 Gt 5782 2011 G7dol o] 8H 3
oF 2 A 7HE 991 201399] b WA Aol 4%

20124 A} 48] 20130 DG 8% o] o8tk Table 1).

4S8 g8 5 25 G2 X715 (Ground Control
Points, GCPs)= A738lo] 5 HiE=E 7]etHA S 81%lom, o]
g ol A WAL root mean square (rms) 2 2= 1.6 cm ©] 33T}
DEM2> Ryu et al.[2002]0]4] AQkst waterline= ©]-8-3t0] 214
H Atk 7157 1skE o] AAE oz tIREl | (digitizingye

Table 1. The informations on Landsat image acquisition from USGS
(United States Geological Survey)

Date Tidal height (m) Date Tidal height (m)
1983-09-22 -34 2011-04-12 -1.5
1988-09-27 -4.1 2011-05-14 -1.3
1991-10-22 -3.9 2011-06-15 2.2
2010-01-03 -1.2 2012-04-30 -1.6
2010-02-04 -1.6 2012-06-01 -2.4
2010-02-20 -2.0 2012-06-17 -2.0
2010-04-09 2.2 2012-10-07 -1.0
2010-04-25 -2.3 2013-04-17 -1.1
2010-10-18 -1.4 2013-05-11 -2.5
2011-01-06 -2.0 2013-06-04 -1.9
2011-03-11 -1.7 2013-07-02 -1.5

Sluice gate operation
for seawater circulation
(1998)

Operation of
Shihwa TPP (2012)

Period of

| regular tidal environments

|
I
I
I
B I
Period of l
erratic tidal environments |
1
I
I
I

Mean Sea Level
-1.0m

2. The Chronological comparison of tidal environments in Lake Sihwa based on actual measurement data of tidal height measured by

&3l waterlines 3|3} stlow, o] Hell= e
ER-Mapper7} ©]-8-5| At} 3l (waterline)®] %< density slicing
WS o] g8igitt. o] WS 3 xS AAIE o= 93
digital number(DN) 312 Zlolfjo] o]E- 77 ]E F A HE R
Ao g skl WA S-S Q= o)
E3], A T Z o)A E}Eﬂﬁ(hlstogram =5 ogzg
F(raster)?] AAIE W=7 F-2] (vectorize)& 5= AT Z
2ol & A5 E AT A dskA AHE 5 Q.
oA &3} 21k e] A 7P FElskAl VeRRE Sl
4 WMEE FbA FEof| o8-8t THRyu[2001]). Waterline
2J3)] Ad == DEM2] 7@‘?3] + waterline $&2] J&w9}
H afietadel] drpht st Arjue ks thdE = A=A
3l A7g FTH(Choi et al. [2011]) =9 waterlined]] 211 % 3
gigiste] Fo2MR 2907 SHE 29 BS54e) AT
S7H 29 eARpkE Heketal DEMO] JHUEE =9
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1 ecm O]‘*HO]U% L% Q@2KZ #H3E)y= °F 2 cm ofujolth At
2] 1387l AANA SRS AA]EH OUi(Flg 1),
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level) 715 A2 $HAkeE & sfiqbd el tislste] FlaiA] BAst
S vl FRPAES #HASER] (minimum curvature)S
2l i-e]4atstel DEMs A3/ ssitt.

HEA o7 23 WA AbEE fl8l oFF A A 29 (Lowest
Low Water, ©]% LLW)2} dfietXlof| sdsh= waterlines A7
Z ¥ DEME o]g3to] &3t -, o] 7 9] Afole] HISIE
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S A8 0 M (Fig. 3), ©1 & E3ll
25 B3I TH(Table 2, Fig. 4). 1A% #4-&
o] Z7td) WAL oF 165.1 km™©| |
A718] 27k A4 20139 7|5 A 21k WAL 165.9
UEFA32[2013]). AlsPzA] b
Q1 19913 9] Z7ht) WAL ¢k 1152 km?C 2 AFEEIT) o] A
710ll= QMRE A TEA] i ARRL 3 ATSIAITE 1A ZALG]S] gk
Q1 Alska A AT Al Al A FA SO QIER] Al
315 §9 U 27R9 ] vige] A=, o] Z A3l 19104
o] Z7he) WA e nlEl ©F 50.0 km¥7F AT

£
fo
=
ol
F[F
e,
o
38
=
Q
>

GelE 278 $HE ZEWA AlE7Rse] A7) A7t
= £l SRS vighEe] -G = i, w3t

T 9s Bl Bl E Y 2 fET uet EarEslE sy
AFARI sl Skl AR, o] & Q13| Alsks ks
| :eE = 27 32 9 vh(Figs. 2
and 4). 2010d2] Z7td= G419 Al 2999l Ha
m&] Afole]l Q1x]gk x| o]}, adA]| g HE

2
b
Hir
flo
=
b
1o,
N
19

(o]

o) 2wl s wis 313

3lale] Al 27k WAL oF 5.6 km™] oW, o] 1910dT)
ZZH) WA 7|02 oF 3% o), AlshYEA| ¢ (1991
. 2011l HIFETRE 29do] o] -l 1
gl A o= g Aol om, 29 dHLI7F AL -1.0 m, HA
3.1 mE 7RSI A A7 s S 918 aeAb Al
ol K= 20119 8Y M7k 9] Z3) A ok AA X E
3.1 mEZ 7|F0 % Adrgste] A0S W oF 101 km* O AREE
gict. o] AI719] 3kl WAL 1910 23 WE V)07 oF
6% FolH, AlshzA hE Rl 1991d 2] Z7h) WA e] ok
10% 0|31t}

2 A 7s o= A3ks WS 7122871 -3.1 mollA
-4.5 m% PG, o] & Q1% sl s Fofiol 1 23]9] ul
T f9E T3 A 24H Y PO R EwEA v}
& Aol vlal) 21k Walo] A S71E|ITH(Table 2, Fig. 4). 2013
Ho) 20 WAL F 203 km’E AEEATHFig. 5). 294E %
ZH) W42 -1.0 m ~ -2.0 m A¥ 5.6 km?, 2.0 m ~ -3.0 m A|
A2 44 km?, 3.0 m ~ 4.0 m A9 5.9 kn?, 4.0 m ~ 4.5 m A9
44 km*d W95 B tkFig. 5). HEI Bl =¥ 2] (Multi Techno
Valley, MTVY’} 91A[8F Al3}e 5527 2] A 3.3 km*2 #-4
Ak MTVE} B slobe- 3.5 m Z$]o Fgs|glon, wet
A 35m~ -4.5 m Z1 Ale)7} 272 FA W) sk, wo}
wlo A S-Sel AA P48 Alsts GS2IUE melie
Algts Ha B F20Q0 -1.0 m Z$]9 siekxloe] dAdE o,
-1.0 m ~ -4.5 m®] Z9l°l] jFsh= WA 17.0 km™| it

Fig. 3. DEM of intertidal in Lake Sihwa on 2013 generated by using remote-sensing techniques.

Table 2. Comparison of the area of Sihwa intertidal with time

Year Area of intertidal (km?) Remark

1910’ 165.1 Before 1 century

1991 115.2 3 years before the completion of construction for Sihwa dyke
2010 5.6 Period on operation of sluice gate

2013 20.3 After operation of Sihwa tidal power plant
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Fig. 4. Temporal changes in intertidal area in Lake Sihwa. The areas
were covered on Landsat 7 satellite image in 2014. A) 1910' (area
computation with antique map of Geonggi Bay mapped by Japan),
B) 1991 (before the construction of Sihwa dyke), 2010 (period on
operation of sluice gate), D) 2013 (current area after operation of
Sihwa tidal power plant).
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AAEAE o] g3to] 21t DEME A/d5H= ol Radar
Interferometry(InSAR)E ©]-8-5h= W, LIDAR(Light Detection
and Ranging) A5 08-3R W= 91/ 9 At S 28] waterlineS:
FZ3h= WY 591 A tH(Greidanus[1999]; Chen and Rau[1998];
Ahn ef al.[1992]; Ryu[2001]). H]37] 2 ©] &3+ InSARS} LIDAR
WS sl g o' 7] A gekst 4= 9lon, A
7} gAE HE71E BAekal QA 2 UetellMe= ARE E5
SRt ofe] 71 Aloo] Qlrk. Teut 2 Aol ARSE waterline
WS 191 AR E RS wiel] A Aol & 5o
folg Btk o}, YUt 52 A DEMS AT
Aol A AJ2d ¥ DEMS] root mean square (rms) 22R=
14.4 cm, EF94}F 2.0 em®] LS HERITE AlS2710) DEM
9] root mean rms 22} 9.4+4.4 cm (Koo and Kim[2013]), &A%t
Z20 DEM®] rms 23} 10.9+7.3 em (Ryu[2001))2} AR 27
DEMS] rms 22} 9.9+9.8 cm (Na[2003])%} H] w132 wj, - ¢do])
A AAE DEME T A8} fAket 2] s VeI
Tevh 2 AR FEl A 20 WA Ak e Vs A o R
T 7R IS Zhett A HAle ARRE AE91A el sl
AR QlE) AT Aol AR Landsat 7919 %978 30 m&]

FRVEES 7RI ol X3 WA AkE 3 F waterline 5

5 \ Legend
[=]
I Tide level  Area
& [ ] 10-20m 56km?
= [] 20-30m 44km:
-4 Ansg I 30--40m 59km?
0 / Bl 40--45m 44km?
Tidal power plant Total 20.3 km?
Sihwa Lake
A,/”\l
e, B
E Hwaseong
™ | Daebu Is.
N
126°35’ 126° 40 126°45’

Fig. 5. Distribution map of intertidal area reproducing from DEM on 2013 with 4 tidal levels in Sihwa Lake after operation of the tidal

power plant.
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7% 31tHKoh ef al[2010]). Q7 SATA|Q] tEALE o)A
FA AlgtEE 20129 2847 s s A A2 s o
olsHA| Hrt. A7} 7R H A AlSls NS whet Bl
17]—nﬂ7]- Aﬁiﬂ] A Zlojt},

= &% SlTeS 2] T2} AEAl R
Oﬂbﬂxlolﬂi Zf WA ] FRE 21e] BelolA
%710|tHEertman et al.[2002]; Neckles ef al.[2002]).
o= A% A Arf A ] ESkAIRE 8 9 A 2]
AAE AL Qlek. 1 o=, A 7hE o] 5] of

A%do] A ANAEEA 27k H8E U f71=
‘2} | 2t M= A ATHMOF [2013],

a1 e AlEks 7S] A4

% ST A Ths - Agks &
A T 22 AMTET ] AN
T AAMAEA L Hg st ATk
pp.184-188).
AE B 20 9 AR viFshe HEARKRIS A
i d Bt B K I e e e e A e R
ARMAE 277 Z2edd A 7hs-S el e A AlAA
07T I fHp) 23] BE ALR 553 Aot 2 oo
Y= % Asks 20 A BUER 2 5948 fe AT
ol 7MWt s E &8 ¢ & Aot

waterlineS

o
F‘P

X
>
) 150
ho

P

o
o N N-ﬁﬁ
m* ;

e J
0%
fuj
1o
Kl

ol ¥ MY
5
2
o
5
_\_‘01', s
ek
o

e o oo 7 > o

A
=
o

oZ

=

é

:\|1:‘4

r>~ —

é@

s
]
Ak

= _L>i

=

i

=
7]’ l[l—r‘O] 'Z—‘
(MOF[2013],

H}Zx-ﬂ 7—]

N

¥
o
%
1[_

—|—’ ~
ol

]_

FFE

e

=
|

i
Off

‘100
i)
_L

F

1910LﬂnH A sﬂ@ag Z 7k |

7Fs 5 A3k 2=Xbehe]

2] s} 315

E718k Ml S B8t Al AR Sl Alsls A
= upe} dRx7E FAE oW, 1 WAL 201082 V)50
2 5.6 km*Z 199113 2] Al3hlzA] 7142 2] Ao vlws) 5%
o

Ealginh. ZHBALE 214 ZhEehiA 2013 el 231
20l 20.3 km*2 =LA S7FERIE 2] el o &
TEE T7Fs Algke 239 WA STREE ohyet, et
73 Bl A o] s FXAR Ao R ke,

7|

o

o] A= GRFERIY (PG49022)7 el ofately |l V)¢
IRAFD (PE99298)0] ko & 43w giT),

e

References

[1] Ahn, C.H., Kajiwara, K., Tateishi, R., Yoo, H.R., 1992, “The
Generation of a Digital Elevation Model in Tidal Flat Using
Multitemporal Sateelite Data”, Korean J. Remote Sens., Vol.8,
No.2, 131-145.

[2] Chen, L.C., Rau, J.Y., 1998, “Detection of shoreline changes for
tideland areas using multi-temporal satellite images”, Int. J. Remote
Sens, Vol.19, No.17, 3383-3397.

[3] Choi, J.K., Oh, H.J., Koo, B.J., Ryu, J.H,, Lee, S., 2011, “Crusta-
cean habitat potential mapping in a intertidal using remote sens-
ing and GIS”, Ecol Model, Vol.222, 1522-1533.

[4] Eertman, R.H.M., Kornman, B.A., Stikvoork, E., Verbeek, H.,
2002, “Restoration of the Sieperda Tidal Marsh in the Scheldt
Estuary, the Netherlands”, Restoration Ecol., Vol.10, No.3, 438-
449.

[5] Gray, A., Simentstad, C.A., Bottom, D.L., Cornwell, T.J., 2002,
“Contrasting Functional Performance of Juvenile Salmon Hab-
itat in Recovering Wetlands of the Salmon River Estuary, Ore-
gon, U.S.A.”, Restoration Ecol. Vol.10, No.3, 514-526.

[6] Greidanus, H., Huising, E.J., Platschorre, Y., Van Bree, R.J.P,
Halsema, D. Van, Vaessen, E.M.J., 1999, “Coastal DEMs with
Cross-Track Interferometry”, Proceedings of IGARSS 1999,
Hamburg, Germany, CD-ROM version.

[7] Jung, J.C., 2000, “The Effect Analysis of Water Quality Enhance-
ment Using the Water Gate Control in Lake Sihwa”, J. Korean
Soc. Water Qual., Vol.16, No.1, 1-8.

[8] Kang, D., 2001, “Energy Evaluation of the Kanghwa Intertidal”,
J. Korean Soc. Oceanography, Vol.36, No.2, 51-58.

[9] Ministry of Oceans and Fisheries, 2000, “Studies for Sustain-
able Use of Intertidal in Korea”, Korea Institute of Ocean Sci-
ence and Technology, BSPM00072-00-1308-3, 1203 p.

[10] Ministry of Oceans and Fisheries, 2003, “Studies for Sustainable
Use of Intertidal in Korea”, Korea Institute of Ocean Science and
Technology, BSPM221-00-1610-3, 1130 p.

[11] Na, Y.H., 2003, “study on surface change and optical reflectance
of the Saemangeum intertidal by remote sensing”, Master’s thesis,



316 ARt - T

Department of Earth System Sciences, Yonsei University, pp. 118.

[12] Neckles, H,A., Dionne, M., Burdick, D.M., Roman, C.T,,
Buchsbaum, R., Hutchins, E., 2002, “A Monitoring Protocol to
Assess Tidal Restoration of Salt Marshes on Local and Regional
Scales”, Restoration Ecol. Vol.10, No.3, 556-563.

[13] Kahng, S.H., Kim, E.H., Koo, B.J., 2005,“Sustainable Devel-
opment of Reclaimed Area in Lake Shihwa by Integrated Coastal
Management”, J. Korean Wetlands Society. Vol.7, No.1, 93-106.

[14] Koh, C.H., Ryu, J., Khim, J.S., 2010, “The Saemangeum: History
and Controversy”, J. Korean Soc. Mar. Environ. Eng., Vol.13,
No.4, 327-334.

[15] Koo, BJ., Kim, M., 2013, “Analysis on Topography and Expo-
sure Duration of Siheung Intertidal Using Remote Sensing
Techniques”, Ocean and Polar Res, Vol.35, No.4, 291-298.

[16] KORDI, 1999, “Report on study of environmental changes and
establishment of conservation countermeasure for Lakes Shi-
hwa”, KORDI, 363 p.

[17] Ministry of Oceans and Fisheries (MOF), 2013, “Annual report
of project to improve the marine environments of the Shihwa
Lake”, Korea Institute of Ocean Science & Technology (KIOST),
145-189.

[18] Park, J.K., Kim, E.S., Cho, S.R., Kim, K.T., Park, Y.C., 2003
“Annual variation of water qualities in the Shihwa Lake”, Ocean
and Polar Res, Vol.25, No.4, 459-468.

[19] Ryu, J.H., 2001, “Quantitative estimation of geomorphologic change
and analysis of sediment characterization in Gomso Bay intertidal
by remote sensing”, Doctoral thesis, Department of Earth System

Sciences, Yonsei University, pp. 127.

[20] Ryu, J.H., Won, J.S., Min, K.D., 2002, “Waterline extraction
from Landsat TM in a intertidal: A case study in Gomso Bay,
Korea”, Remote Sens. Environ., Vol.83, 443-457.

[21] Statistics Korea, 2013, Statistical Data of Census of Fisheries,
http://www.kosta.go.kr/. Accessed 13 Mar 2014.

[22] Statistics Korea, 2013, Statistical data of intertidal change, http:/
/www.kosta.go.kr/. Accessed 1 Aug 2014.

[23] Tong, C., Baustian, J.J., Graham, S.A., Mendelssohn, 1.A., 2013
“Salt marsh restoration with sediment-slurry application: Effects
on benthic macroinvertebrates and associated soil-plant variables”,
Ecol. Eng., Vol.51, 151-160.

[24] U.S. Geological Survey, 2014, Image data of Landsat 5, 7, http:/
/glovis.usgs.gov/., Accessed 13 Mar 2014.

[25] Wataru, N., Yoichi, N., Satoshi, N., Tetsuji, O., Tsuyoshi, 1., Mit-
sumasa, O., 2014 “Macrobenthic succession and characteristics
of a man-made intertidal sandflat constructed in the diversion
channel of the Ohta River Estuary”, Mar. Pollut. Bull., Vol.82.
No.1-2, 101-108.

[26] Young, S.M., Ishiga, H., 2014 “Environmental change of the
fluvial-estuary system in relation to Arase Dam removal of the
Yatsushiro intertidal, SW Kyushu, Japan”, Environmental Earth
Sciences, 1-14.

Received 13 July 2015
Revised 13 August 2015
Accepted 21 August 2015



	조력발전소 가동 후 시화호 내 조간대의 면적 변화
	요약
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과
	4. 고찰
	5. 결론
	References


