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Prediction of the Land-surface Environment Changes in the Anmyeon-do
Using Fuzzy Logic Operation

Dong-Ho Jang*, Kwang-Hoon Chi**, and Hyoun-Young Lee***
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Abstract : It is very important to predict the environmental changes in the land-surface as a way of prevention
of sustainable nature. This study investigated the difference between the predicted and actual data of Anmyeon-
do from 1981 to 2000 through a fuzzy logic operation using multi-spectral image. According to literature survey,
maps, and ground truth data, the types of land-use have changed due primarily to shore reclamation or wild land
and grassland fostering before the eighties. After the mid-eighties, however, a number of private residents and
commercial stores quickly have spreaded throughout beach resorts and quasi-agricultural and forest areas.
Moreover, shore and community regions were severely damaged in the nineties with increased farmland, due to
the development of tour places and expansion of city area. The predicted result of the environmental changes in
the land-surface using the fuzzy logic operation was almost similar to the state of Anmyeon-do obtained through
the satellite image. Particularly, the flat lands near the shore was predicted to change slightly. This area is largely
under development, thereby raising concerns on the shore environment. Thus, this method is applicable to
conducting research on the change in the land-surface.

Key Words : remote sensing, GIS, environment changes, fuzzy logic, change detection, Anmyeon-do.

AAHe 293t A BF ol FYghol
st gk ABe B39 W AT F
Ao 11 87 &l X Aol Gobrjolnt duz
o HAY AEBAL 2 olsy L R

rﬂ r:i

1A E

E?: > r_E 01n

ARSEE AAA =E VA FEFE

* 3R] A A A7, Post-Doc.(Post-Doc., Korea Institute of Geoscience and Mineral Resources)
we St A2 A LY, A AT (Senior Research, Korea Institute of Geoscience and Mineral Resources)
wiw A Zujeld 2|2l ehz}t W 4(Professor, Department of Geography, Konkuk University)

~-371-



3 Aﬂi—r 3z % o|&j 3=t Aloi A Axg
73 g é g 3 -39 - 245t dAY
AdH, JFH BHe AY3 JlEstL 2R
B s FolE Lol Aol st B 7

J
Z @74 2 = ML AY 5 3 £93 7
of 4EHOE oRiA7] ML wHE BH
& £A2 A2, g0l das, 56 A9
27k B3sT AW A4 Wk AT FYAA
© Be AR Auo} shpgsololn 4 A
E#7 WsE olHsT HEHT FAL £
9% 4+ vk 9T AWAE A7E7
NS G A T2, AHA 9 5 8
gAlol AWL QoIH olo) WE AT} A

AQNLE Al AoiM AEATH
-erﬂE 7}1 8% ARl ABAS) A
stebaly wife] AEHA WS 55
EAl0lE AY £y ddojar & &
AR Ashs 9 7HA A @Yol HYE
2 dAH veidnh med olHd A A4
Hop wi2A olsisly] AsiMEs FEe EXw
g stetsiol ¥ Iy dARAME EA
4 AHE Wk P8 ARE HSNE o
SolatA gt AEAFE Wak 842 £A9 AF
9 A ABEN IAZ Y
HAEE A T A TALE 24
2wl A ojsislr] PETh ®
Ithate] A E40] o7
2% e EHHoR
TR AR ATHA Es}
ATH=ENEA 74, 1998). ut
AL FAR, AL T4
&, GIse] & AEA o
1% st AEEH WsE o
BRAZEA 83 #8d

b oﬂ'. B
rlo dlo fh

30
o

© © Jeap jo 2

_'u,o*_LL,

m}m

o o
i ©

¥°

fu jo
X o |0 ofy

o2 e

9, °l'J

=

do M

o o
“‘l&-zi

g

e
o
2 o

H o]-.l

S
N

_]

> T

2

et

o ot o
>
o

oL rﬁ
oTo

ot

b

[¢]

ST S
AL

o
ol

o

oX mlo

>
m}L

Sy Hokod B ol X2 ko>
[

oA
tlo
5
© o
£

W QAR A GIS TREA 1Y
ogaw, olel® AEP WHe B HE
47 958 & Yo TF JAARE o8
EXTHEES AYS We Aele) NE Aol

ol

i wlo
-

9]
7

ﬂd
N

Z 4uE A £38 # 4w 7714
& S5l ARPA AR %

2
[U},l_“

Lud

2 2
u)

A4 AEE ol &% AEHHY FAH2 AFY &
Fu W3t B (Pain, 1985: Stringer et al, 1988),
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B A= Landsat TM(Thematic Mapper)
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Table 1. Remotely sensed imageries used.

Acquisit it .
cquisition Platform | Semsor Acq1.11s1 ion ‘tldal
Date Time | height(cm)

1981.09.5. | Landsat-2 | MSS 10:29 336

1986. 04.15. | Landsat-5 ™ 10:36 386

1992. 06. 2. | Landsat-5 ™ 10:34 58

1996. 09. 1. | Landsat-5 ™ 10:31 236
2000.03.20. | Landsat-7 | ETM+ 10:30 30

+ 9& 7ASoE Landsat MSS(Multispectral
Scanner) ¢+ ETM+(Enhanced Thematic Mapper-
Plus) &2 H st A8 P42 1981d 94 5
ARE 20009 3820 7HA] MZ TE AJ7]19) 574
g Aro| th(Table 1).

2) A+

AR Wshe g3 2 7 o3
TG HFig. 2). ¢4 2 A7E EXFEEE
AW ¢ & ¥ (MLC: maximum likelihood
classification) & AHE-3t A AAE EX
VEEZRE MEF Fu] 79 (post-classification

Fig. 1. False color composite image of Landsat TM band 5/4/3 acquired on 1 September 1996 in the study area.
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Analysis of Land-surface Environment

Analysis of Remote Sensing Data

(Landsat MSS, TM, ETM) /
Geometric Correction
] Literature Survey
’7 Resampling ‘ (ancient documents, Statistical Yearbook
7 and Aerial Photos)
\ Extraction of Anmyeon Area I
Classification(MLR) ‘ GmundTTruth (1?);3;‘1;:8;1 Phl}(;t(;gmphy,
I 1 opograj p
Accuracy Assessment
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v

< Making Land-surface Environmental Prediction Map >

Fig. 2. Flow chart of the study.
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Fig. 3. Area changes of each class(1981~2000).
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Table 2. Accuracy assessment.

Year user’s accuracy(%) producer’s accuracy(%)
Class 1981 1986 1992 1996 2000 1981 1986 1992 1996 2000
Ocean 94 96 97 98 98 95 92 98 96 98
Tidal flat 84 94 94 95 96 88 92 92 94 98
Sand 65 75 75 83 85 76 82 85 90 90
Lake 84 90 93 94 96 86 90 91 95 96
Forest dense 95 92 94 95 95 98 94 96 94 98
Forest loose 90 91 93 93 93 88 92 92 95 95
Paddy field 82 86 94 90 95 85 82 96 96 98
Dry field 82 85 85 87 87 76 e 80 82 83
Pasture 86 84 88 90 92 87 81 92 88 85
Artificial structure 80 85 92 91 92 96 94 96 97 9.8
Bare land 78 82 82 85 84 82 9% 88 86 86
Marsh land (saltpan) 78 85 86 88 90 69 82 83 92 95
overall accuracy(%)
Year 1981 1986 1992 1996 2000
accuracy 853 88.3 91.1 924 936
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g Ho AAFLeR FH Aoz MAEs R Yo
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& @ & A o A ZHAt W YA 2
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HEE By 52 AZAE HoFy Qo) A

A BELANE Y AEA AT w3
AR G 2 UiRAZE 7P R AadA g
TAAME Y A AF FITE Fol AYE
b B3, E, 2A Tl v AYEE HY &
3] 1981 F/dolA HAo] 69%E 71 ¥e A

H
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Age) Aolzt Aol LRI ol AT Aoz
Bl

2) W3gA 24

EXNE #H3lg ¥ l‘} | M ded bt
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A Watd FHAE 9 - $X028%)9% dF3F
(23%) SOtk ol YA Mak A-B HEA
FAOIE W E ATE(FEE, HYE3)7F *E
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Table 3. Land cover change matrix in Anmyeon-do(1981-2000).

(Unit: %)
Year 1986
Tidal Forest | Forest | Paddy | Marsh Artificial| Bare
class Ocean flat Sand | Lake dense | loose | Rice | land f]i)erl)é Pasture structure| beach Total
Ocean 93.1 1.8 0.0 2.3 0.0 0.0 0.0 2.8 0.0 0.0 0.1 0.1 | 1000
Tidal flat 86 | 63.0 0.9 09 0.0 0.0 36 | 210 0.3 0.0 0.8 0.9 | 1000
Sand 0.0 45| 257 0.0 15| 101 0.9 43 5.6 1.8 38| 418 ] 1000
1 Lake 00 17 001 850 001 00 32 6.7 30 0.0 0.3 0.0 | 1000
9 [Forestdense| 0.0 0.0 0.0 1.1 | 89.0 6.8 1.3 0.0 0.3 1.2 0.2 2 | 100.0
8 | Forest loose 0.0 0.0 0.0 0.8 75| 858 09 0.7 04 32 04 0.3 | 100.0
1 | Paddy field 0.0 0.0 0.0 0.1 0.0 00| 940 1.5 0.3 1.1 2.6 04 | 100.0
Marsh land 01| 169 0.1 6.0 0.0 00| 355| 371 2.7 0.0 1.1 0.7 | 1000
Dry field 0.0 0.0 0.0 0.8 0.0 31 74| 213 | 474 8.7 34 2.0 | 100.0
Pasture 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 100.0 0.0 0.0 | 1000
Artificial structure} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00| 954 4.6 | 100.0
Bare land 0.5 0.6 0.2 0.9 3.1 67| 503 153 35 34 { 100 5.6 | 1000
1992
Ocean 92.7 72 M 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 | 100.0
Tidal flat 09| 90.6 08] 03 0.0 0.0 2.7 3.6 0.6 0.0 0.1 04 | 1000
Sand 0.0 23| 785 24 0.0 0.0 0.6 14 8.3 0.0 4.3 2 1 1000
Lake 0.0 0.0 00| 813 0.0 00| 141 20 1.6 0.0 0.0 0.8 | 100.0
1 |Forestdense| 0.0 00 0.0 00| 722 | 193 0.3 0.0 4.2 1.7 0.1 2.0 | 1000
9 | Forest loose 0.0 0.0 0.0 01| 3l6| 604 0.1 0.0 4.0 1.9 0.1 1.8 | 100.0
8 | Paddy field 0.0 0.1 0.0 0.3 0.0 00 834 02 ] 120 0.0 0.1 3.8 | 100.0
6 | Marsh land 0.0 0.5 0.1 11.7 0.0 00| 300 197 | 250 0.2 00| 128 | 1000
Dry field 0.0 04 0.1 0.5 0.0 0.2 2.1 05| 586 | 206 03} 167 | 1000
Pasture 0.0 0.0 0.0 0.0 0.0 00| 111 0.0 22| 799 0.3 6.5 | 100.0
Artificial strucure] 0.0 0.0 0.0 0.0 0.0 0.0 31 0.0 7.6 00| 728 | 165 | 1000
Bare land 0.0 00 0.5 30 1.3 591 2264 07 20 1.7 35| 588 { 1000
1996
Ocean 998 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T 1000
Tidal flat 163 | 81.2 1.5 0.1 0.0 0.0 0.1 0.0 0.8 0.0 0.0 0.0 | 1000
Sand 0.1 22 712 0.0 0.0 0.0 0.3 6.2 3.3 0.0 9.3 74 | 1000
Lake 0.0 0.1 00| 941 0.0 0.0 19 20 1.0 0.0 0.4 0.0 | 100.0
1 |Forest dense 0.0 0.0 0.0 0.0 86.4 11.9 0.0 0.0 13 0.0 04 0.0 | 1000
9 | Forest loose 0.0 0.0 0.0 00 10 | 759 0.0 00| 11.7 0.1 00| 113 {1000
9 | Paddy field 0.0 0.1 0.0 04 0.0 00| 945 3.1 0.2 0.0 1.6 0.0 | 1000
2 | Marsh land 0.0 0.1 0.0 5.8 0.0 0.0 06| 908 2.6 0.0 0.0 0.0 | 1000
Dry field 0.0 0.0 0.1 04 0.0 02| 187 39 1 608 0.6 2.1 13.1 | 1000
Pasture 0.0 0.0 0.1 0.0 21 04 00| 457 | 163 | 343 0.0 1.1 | 100.0
Artificial structure| 3.1 49 0.0 0.0 0.0 0.0 0.0 0.0 0.0 001! 749 | 161 | 1000
Bare land 0.0 30 2.3 1.7 0.0 0.0 53 54.7 0.3 0.1 14 31.2 | 100.0
2000
Ocean 98.7 0.7 0.1 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 L 100.0
Tidal flat 313 539 0.2 0.2 0.0 0.0 13.2 1.1 0.0 0.0 0.1 0.0 l 100.0
Sand 78 | 128 | 714 0.2 0.0 0.0 4.7 09 0.0 0.5 0.2 1.5 | 1000
Lake 0.0 0.0 0.0 | 957 0.0 0.0 0.9 3.0 0.0 0.0 0.0 04 | 100.0
1 |Forestdense| 0.0 0.0 0.0 00| 951 2.5 0.0 0.0 0.0 23 0.1 0.1 | 1000
9 | Forest loose 0.0 00 0.0 0.0 44 1 74,6 6.5 0.7 4.6 7.6 0.5 1.1 | 1000
9 | Paddy field 0.0 0.0 0.0 0.0 0.0 0.0 | 100.0 0.0 0.0 0.0 0.0 0.0 | 100.0
6 | Marsh land 159 0.5 1.3 9.1 0.0 0.0 38.1 339 0.0 0.0 0.3 09 | 1000
Dry field 0.0 0.0 0.0 0.7 0.0 00| 208 1.5 | 754 0.5 0.5 0.6 | 1000
Pasture 0.0 0.0 0.0 0.0 0.0 0.0 6.8 2.8 00| 898 04 0.2 | 1000
Artificial structore| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 100.0 0.0 | 100.0
Bare land 0.0 0.0 0.0 0.0 00| 09 19.5 0.2 6.1 0.4 4.8 68.1 | 100.0
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Table 4. Fuzzy membership values assigned to each class in land cover maps.

Class Landsat 1981.9.5. 1986.4.15. 1992.6.2. 1996.9. 1.

Ocean 1 0.069 0.073 0.002 0013

Tidal flat 2 0370 0.096 0.188 0461

Sand 3 0.743 0215 0.288 0.286

Lake 4 0.150 0.187 0.059 0.043

Forest dense 5 0.110 0275 0.136 0.049

Forest loose 6 0.142 039 0.241 0254

Paddy field 7 0.060 0.166 0.055 0.001

Marsh land 8 0.629 0.803 0.092 0.661

Dry field 9 0521 0414 0392 0246

Pasture 10 0.001 0.201 0.657 0.102

Artificial structure 11 0.046 0272 0251 0.001

Bare land 12 0.944 0412 0.688 0319
A5 vgHst o2 FoJstad(Table 4), A A FF AE AR A7, ArgAFE, &
=94 /Yo E B wste] HEES 3 X 5ol EFECh EF ALT FF &t 4
ol g4 E FEEth 5dAe 4 Ad T FYPAGH 98 A HEH) 5E 22
X E Y3t SHEE AEE AEFS $ EE wsgg B FEAGL FFA Ao
ZY27} THHOZE BIHLEE TAFH FHE Aoy, gH A (A & A
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(a) Fuzzy minimum operator

(b) Fuzzy maximum operator

(¢) Fuzzy algebraic sum operator

Fig. 4. Prediction maps using various fuzzy operators.
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Table 55 AHEAF A8x 9 7+ 208 Akt
AT AA AYTE A4S Bolth AA B
T2 AYEY HA max AEFE7} 9180%E wi$
F2 #S Hourh v, HA algebraic sum dE %
B &570%, 137 HA min JEZEE 633%E 3
w7t 9A ettt 3] AR ASEE 9z

Table 5. Error matrices and accuracy assessment of prediction maps.

Error Matrix Accuracy(%)
h reference data ['
change no-change total change no-change average
fuzzy change 457 127 584 producer’s 72.20 80.37 76.29
min no-change 176 520 696 user’s 78.25 74.71 7648
total 633 647 1280 overall 76.33
fuzzy change 570 42 612 producer’s 90.05 93.51 91.78
max no-change 63 605 668 | user's 93.14 90.57 91.86
total 633 647 1280 overall 91.80
fuzzy change 507 57 564 producer’s 80.09 91.19 85.64
sum Eo-change 126 590 716 user’s 89.89 8240 86.15
total | 63 647 1280 overall 85.70
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