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Geothermal Potential Mapping in Jeju Island

Using Fuzzy Logic Based Data Integration

Seung-Gyun Baek and Maeng-Eon Park

Department of Environmental Geosciences, Pukyong National University

Abstract : A fuzzy logic based data integration was applied for geothermal potential mapping in Jeju
Island. Several data sets, such as geological map, the density of drainage system, the distribution density of

cinder cones, density of lineaments, aerial survey map for total magnetic intensity and total gamma ray,

were collected as thematic map for the integration. Fuzzy membership function for all thematic maps were

compared to the locations of the spa, which were used as ground-truth control points. The older geology,

the lower density of drainage, cinder cones and lineaments, and the lower intensity of magnetic and
gamma ray were showed the higher fuzzy membership function values, respectively. After integrating all
thematic maps, the results of gamma operator with the gamma value of 0.75 was the highest success rate,

and new geothermal potential zone is prospected in western north part of Jeju Island.

Key Words : Jeju Island, Geothermal Potential Mapping, Fuzzy Logic, Data Integration, Fuzzy

Membership Function.

FeAele #3307 A5l A2 Fwshl AL U AR08
3 1 584 AESET AQE, A 2E U5, 2
ARE BT YR GBAEE SPRISE 5 4 FAK DN 4T 248 9

oo & e
2 pE

12
>
N
E
O
RO
ifa}
-1>
d
i
32
:L
-h Wlm

2

| GEbste. U%, 5‘*@359} FbsRdAME tiAE B AvHd HE7E $7F HAY
Aol E& 202 veiyth BA A FodME v ARHy=075)7F 7 w2 4%
HES BPon AFE AER dRAGM MEL AE FE 740l AV HAT

ox,
o

Mook rlo 2 e
ryd

=2,

RJ

ox
Yy

o.

20053 39 11Y¢ A ;200593 49 8Y S,

-99_

gz EASRT: @A 24 27 9A9 4By
A, BT L AZZME BEXULs} e FoA



Korean Journal of Remote Sensing, Vol.21, No.2, 2005

LA E

AFEe gz o8 49 PR
A dEel A A47] shadstol 7HE FH sl £
st} 7] #2244 FE ¥ ]’\1 ZH93
249 SURE FAHA glon, e g3
Z (fissure eruption)d] 9|3t £UEZz EA
(cinder cone)S°l FAAHUTE AL St
g5 7180 e ALE vFY & o ofF:
AFede ddo] EAE 7FsA S AARBEE Ut
(AE=, 1994).

AFzodye HEE, 78 AEAY 5 37
Aztao| X vAAFE HAAA G&o e
A7t &88] o] FoA I Uk AFEY NEA}

ol A 19708 T A{aks ol F A
FoHRL, 19803 TRE AFE FF AF oy
Zol 2HT 2Fo] ARHALH, 19839 &
FALEF A AZAE ZAL FFELGAL
A set gAL AR AF 2 ZegAl Sl 98 A
A A TR AT EA‘AP?JT 19%). 3
de 39, =%, i dvigd 5 ok
gAL 9 Z14 o] S AN Z]dz}%_ 53]
A el gt 7ldi7} ol W R AR Y gl
7t ARARES AANRESG A EAHY
o} 8}.}:; Z‘]o]]}v] {;H_Q_a]: 24_]_;1__4 —)7:{] 170- _Er-/;‘"
2 #e Fo A GISY FL8A A F
=7 9ot (Aronoff, 1989; Burrough and
Macdowell, 1998). &2l A ZAA RS} 7Ho] 44
g ZAAAA ] ofyAY EGAH HHE 5 EH
22 & g U HAo|E(fuzzy theary) S =Y
g FY 1A U ATt 89 o] R X
gom, FEAY GARY ALY FHHY 24 5
&R %‘Hﬂ Hojx 2 ﬁlﬂ-(Lee et al, 1995:
Moon, 1998: Choi et al, 2000; ‘1} 5, 2003).
mzhA o] AFAME AFEY AGF FE
FeAAE &3] Aot AT @A 3§
HI AdE HRAo]ES 0] &3 GIS FRVIHE F
&34 olg A AL, FFEYGA AE,

o

r}ojz

P

2 472 UE A5 52 °l§

el AAAR *}OH EAY BAE o|4% GIS
FYMS 44T P 2HTE H27)
]

2. 214 37

AFee F2 AW AL Feolezs
g A47] ol 2EA ] AX dojd sitdFo
oste] BaE ozizshierel @Elm LokE
2 FAH glom, SRFHE ] HAY
(volcaniclastic rock)o] #EEo] UtHHEA =
1995). & TAHUHL A9k LPBZ| o5 3
A A, st Edo o A" sk
otk 92 L4 & Aojo] A3t 3

fa
44 g
[o]

oo,
i

i
im
N
2
x:
o,
ot
4L !
1Y
18
o
T 12 jo 2o ot

88 ARG o7, 7

tllo
o
e
ot
& ¢
ot

g fre

o U oeyoox 2.ro

¥ fr ax o Hr iy

4, 2000) (Fig. 1).

AFe THA99 7|AdqE FA7F 120mol ©]
2r £4F9 I e oF 120m FAY w1 F
Aol 2ExTT AR 9L £4FS FAL
50 WA 70molX, & MAXZ & nIFEHH
Zo] BXx3le ZAo2 A I/, 1997).
VIAHAZ e A JNgEos &
Ay §43539¢ Y Fol RESTHEAT

r—im
rot



Geothermal Potential Mapping in Jeju Island Using Fuzzy Logic Based Data Infegrafion

126°08'16"E

33°34'21"N

2
3
©
©
e
Kilomaters, 10, 9 10 :‘2
. Cinder cones 126°58'41"E
o lll Trachybasait(vi) | Il Trachybasait(v) £ Trachybasalt{lll) Il Trachybasalt(l)
% Il Trachybasalt{Vil) § B Trachyte E Basalt(ll) [25]] Trachyandesite
g [EEE] Basalt(i) 3| 54 Sediments § W Trachybasalt(l) 3
2|l Trachybasaitqvi) < | JIll Trachybasaitiv) 2| [T ] Basalt()) g; ] Seogulpo Formation

Fig. 1. Geological map of the study area (KIGAM, 2000).
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Table 1. Data units and classes of each data sets.

Data sets Data Units Classes
Min. | Max. |Interval
Geological map - - - 15
Density of drainage 00| 30 | 02} 15
Density of cinder cones 00 | 80 - -
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Total gamma ray (K) 0 | 500 - -
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Fig. 2. Locations of spa and low geothermal water in Jeju Island.
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E=1EE

Fig. 3. Thematic maps for fuzzy logic based data integration. (a) geological map, (b) density of drainage system, (c) density of
cinder cones, (d) density of ineaments, (e) aerial survey map for total magnetic intensity and (f) total gamma ray.
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Operator _ Equation
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Fig. 5. Fuzzy integraion results using (a) maximum operator, (b) minimum operator, (c) algebraic sum operator, (d) algebraic
product operator, and (e) gamma operator (7=0.9).
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Fig. 6. (a) Success rate curves of geothermal potential water mapping by fuzzy set operators. The black rectangle area has been
enlarged and is shown in (b).
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Fig. 7. Overlay of the spa on fuzzy integration result using
algebraic sum operator.
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algebraic sum operator.
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