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A Study on the GIS for The Sea Environmental Management II
(- Developing a Line Density Algorithm for The Quantification to the Sea

Surface Temperature Distribution -)
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Abstract

A Line Density algorithm was developed to quantify the sea surface temperature
distribution using NOAA Sea Surface Temperature(SST) data and Geographic
Information Systems(GIS), In addition, a GIS based automation model was designed
to extract the Line Density Indices were determined by applying K-means Cluster.
SST data in terms of March to May obtained on the coastal area of the Uljin from
2001 to 2004 in spring were used to make two data sets of average sea water
temperature map in terms of year as well as month. From the result it was
formed that water temperature gradient in April was the strongest among the other
months, In particular very strog formation of oceanic front as well as temperature
gradients were observed in front of the coastal area around Wonduk and Jukbyeon
countries. Because those coastal area is a confront zone of two cold and a warm.
It 1s expected that the development of a Line Density Algorithm would contribute to
quantify of the SST for the research of Sea Surface Front(SSF) related to marine
life management and the sea environmental conservation.

Key words : RS, GIS, Sea Surface Temperature, Line Density Algorithm, Sea
Environmental Assesment

"Corresponding author E-mail : pkh@knou.ac kr

- 61 - Korean J. Sanitation, Vol. 21, No. 4, 2006



Q

0
I
S

62 OIZQl-=24)|&

I.M &

AT YA 24 AHoz AF} A
AR 71X FEolge AiE A2 Q3
B2 =80l gojvin AUt ¥H {443
g AH(Satellite Remote Sensing)2} =&]%
B A2 " (Geographic Information Systems,
GIS) 71&< sYARe 3, Ty, 349
Fa4o] Az Fugdl wep 2 Fayo]
Az AR AG(FGA 9] 1998 ; A&
2] 1998 ;  Anselin and Getis, 1992, ).
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A &g 1/50,00091 FH& 7k NO.172,
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Fig. 1. Study area
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olgl BEE AHIY AsrE FIFIHAY
AT YKORDD NOAA SST A7 4
=¥ F34(2001d2E 2004374%) 942
A&t ot (Table 1), ATl Algd
NOAA AVHRREZ 9 si¢EW g e
2 Agd 4, 58 A}EE Multi Channel
Sea Surface Temperature®} AQ 3, 4%
Abg et vl ALE JhEd WEe AR
&3t

SST=C+ aT4+ b T5
A

A Ao T49 T5E A2 49 5604
9] FELEo|H, a, b, ¢ BAZHoE ¢
ojA & Aol A48 ¢aeEE NOAA
1259 1458 o] 83to] hydo] F& glo|
A% 4 gk MCSST whgoln, Table 2
T 2FALATEY NOAA SSTE A%
TeraScan S/Wol AHg3lal e A7) 44
9] < JedriMaclain et al., 1985).
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Table 1. NOAA SST data

Mon
Year h Day Data

3, 4, 12, 17, 18,
Mar 9
20, 21, 22, 25

3. 9, 12, 14, 16,

2001|Apl.| 17, 22, 24, 25, 26, 11
27
5, 10, 12, 13, 14,
May 8
16, 17, 27
10, 11, 17, 18, 19,
Mar 10
22, 23, 24, 27, 31
1, 4, 9, 11, 12, 18,
2002 Apl. 9
20, 21, 25
1, 20, 24, 29, 30,
May 6
31
1, 19, 20, 22, 25,
Mar 7
2003 27, 28
Apl.| 1,5,9, 12, 14, 16 6
May} 11, 18, 27 3
4, 9, 12, 13, 18,
Mar 9
20, 26, 27, 30
1, 5, & 11, 14, 17,
2004 | Apl. 9
19, 24, 28
5 6, 14, 17, 19,
May 8
21, 24, 25

TeraScan SWoll B3l A& NOAA
SST ¢ nzlg 4L otdle 2

SST = A*T4 + B=*(T4-TH) +
C+(T4-T5)*(SEC(sza)-1) +
D+(SEC(sza)-1) + E ..(4] 2)
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Table 2. Constant of SST

Method Satellite | Time A B C D EK) E(C)
MCSST | NOAA-15 | D |0.959456 | 2.663579 | 0.570613 | 0.000 12.12 1.045
MCSST | NOAA-15 | N | 0993892 | 2.752346 | 0.662999 | 0.000 1.753 0.084
MCSST | NOAA-14 | D | 1.017342 | 2.139588 | 0.779706 | 0.000 | -5280 | -0.543
MCSST | NOAA-14 | N | 1029088 | 2.275385 | 0.752567 | 0.000 | -9.090 | -0.145
MCSST | NOAA-12 | D | 1.013674 | 2.443474 | 0.314312 | 0.0 -4.647 | -0.912
MCSST | NOAA-12 | N | 1.013674 | 2.443474 | 0.314312 | 0.0 -4647 | -0912
MCSST | NOAA-I1 | D | 1.01345 | 2.659762 | 0.526548 | 0.0 -4592 | -0.918
MCSST | NOAA-11 | N 1.052 | 2.397089 | 0.959766 | 0.0 -1552 | -1.316
MCSST | NOAA-9 D | 09994 | 27057 | -0.27 0.73 0.1177 | -0.046
MCSST | NOAA-9 N | 09994 | 27057 | -0.27 0.73 01177 | -0.046
MCSST | NOAA-7 D | 10346 | 25779 0.0 0.0 -1005 | -0.60
MCSST | NOAA-7 N | 10346 | 25779 0.0 0.0 -1005 | -0.60
MCSST | Noaa-16 | D 1.1 0.0 0.0 0.0 -27.316 0.0
MCSST | NOAA-10 | N 1.1 0.0 0.0 0.0 -27.316 0.0

2. 524 &

B B4 F ArcGIS TooldlA A&
e BHEY 71539 duEa gae
e, FAAA JAARY, Bl FFA
ENg & £ e AEREY7)SE o3}
o] #xE(raster) A .0.1CT, 0.27C,
0.3TC, 0.5TC, 0.7C, 1C T&X& F&3
gt 2 F 0.1T9 S&4Ho| 249
gHlE 2 ZdsiYm, a9 42 &
2 #ololo]A nE REE Yy
NOAA SSTAR&E9 wztAeEles B AAsL
7l £8% A7 Ao @Es)E, 2006)
£ 3t A" FelA(Kriging) BHE
I AREY 75E& olgdd F&4 0.
1T Sedol 2 AFd A8HY.
NOAA SSTZRH %29 $24< Fig. 2
9} Z

Fig. 2 . Extraction of isotherm by
Kriging interpolation exponential model
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g A & F U=F I AY 9,
1998 ; Goodchild. et al., 1992)(Fig. 4 ).
£33t Intersect FHGA ¥, Aol l(F
2a4dolo)e] - SAde o] EoA
Sector BE2] &40 BF dA&e 7z
o] Az ¢to] EAEe FRAAE o

Area®}

2 YR E HASHY. ol AHEH
H9] Line-In-Polygon ¥#H& oj&3dto 2
AZe ool Zzte] AA <o EFHH
o] dx 5249 A5 dolg oyl
o

Fig. 4 . Intersect duplication

3.2 AFaAg ¢nAE

AYEAE ALE A FPA 344
XE  ArcGIS TooldlA  AYs=
Model~builder 7] & A} 43t T4
o] AEFE 2 FUHEAL A AFEH
g dndEe Mg A5sAHY ¢
N2 FE o} §3ld FeHe F23uzy 2
FTREN #AL AAE, AFHAA A
fH&4=g 4 AgoH, ol 95 AA
)& Ao}ql Visual BasicZ Map Object
& AH88kgit

3.2.1 FHEMAE 24y

FUEMAY ¢nEFLS NOAA SST
Ao 293 B, 524 F&, 7=
A, Intersect =39 49AE FAsGT
x3 2813 27 dAAE NOAA SST
o mzbel Wad zgk "=, FEF Wy,
Semivariogram Model, ZAWA 59, o

st &3 X M1 43

44 37 59 239 FEo Pad 9
FE 43T 5 A 524 FEHAANA
E Z 9&, 71&%5 24 (base contour), T
<4 Z+A(contour intervale] BA7% &
o] g3l 7jES MY &x ¥ F&Ad
AL ARV AP AF & 5+ Aok 2
A3 F2HUY dAdHE FAH ol
o) APt Aoz Ao A9
Qo) & A4t Intersect FHGA N E
FeAgololet Az Fe|Tdolole] FHE
Aol o]RoAY, FUEAAE7} <48 &
A% gololE A14A7 A oo A
ZFdr).

Eg  ESRI(Environmental  System
Research Institute)A}2l Map Object RE
JAE9} MicrosoftA}e] Visual Basicg ol
43lo MUEAREE AFo2 AEEHUY
(Fig.5).
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/7 1log(LD)]

LD = Line Length(m)/Area(m?
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54 Yolg £
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2 ERERR NSRS U R ke
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K = Line Density Index, 0 £ A< 1

A9 A & AHgEto A dYmx
T 7% F Atk 9714 LDe AYEEE
duizty, LDE Ztztel Axle] TeHE
S Holg Zgso, T Ay £
T WAHoF E golth ols A&z
#o g WEsta ¥ 18 22 LD Ao
oz ok LD Astgel dEza

g FHslod, LD 3o HAE 2Yo=2H LD
ghel Wty 9% ¢ K Fe AFH
g ASg s

99 A< 2001d 499 NOAA SST
A8E oz HEY A, 24x107~
1.2x107%9) WHE ZE LD Fol HE=

g FHolo K @9 ¥YE 0.33~0492
Zo A3 39 HFig.6 , Tabled ). =
& AERIE FHIA HE LD ARG
o] Wi HiEud, ol WA Yty
218 21 Lpel Adigez U5t

HET

Fig. 6 . Range of Alleft) and LD(right)(Apl. 2001)
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Table 3 . Range of Klleft) and LD(right){(Apl. 2001)

Date ol X LD
(Apl. 2001) © Mean Min Max Mean Min Max
3 B4 0.3656 | 03179 | 04133 ] 0.00226 | 0.00072 | 0.00381
] 64 0.4204 | 0.3192 | 05215 | 000642 | 0.00074 | 0.01210
12 64 0.3993 | 0.3189 | 0.4797 | 0.00448 | 0.00073 | 0.00823
14 64 0.3624 | 0.3244 | 0.4005 | 0.00201 | 0.00083 | 0.00319
16 64 0.3638 | 0.2956 | 0.4319 | 0.00262 | 0.00041 | 0.00484
17 64 0.3386 | 0.2829 | 0.3943 | 000160 | 0.00029 | 0.00291
22 64 0.3570 | 0.2764 | 0.4375 | 0.00271 | 0.0002¢ | 0.00518
24 54 0.3958 | 0.3118 | 0.4799 | 0.00443 | 0.00062 | 0.00825
25 64 0.3784 | 03204 | 04365 | 000294 | 0.00076 | 0.00512
26 64 0.4047 | 0.3308 | 04786 | 000454 | 0.00095 | 0.00814
27 64 04127 | 03307 | 04947 | 000523 | 0.00095 | 0.00952
ARE dugFe %% Jsto, A% oFHAFL B A7 A7 FL48A
dlolelE  d#sle AT olog &3l cHFig7 ). B 2Ye HdAdxxs
A-3~A-5, B-3~B-5 %‘ 2 ddes 4 9] AAATE= Table 4 ¢ Zgrony AF
gL AAsgh MHolHE LiKmel A% dBRAME dolw & 315 W
Y EE 712 NOAA SST A =89 zhz} AR 2ANMHE K9 470 <
7Ce &EAE Fol 22E YPsgzn q4g s

L4 LA i
N
L A
s e 2 Arde a
CE O SR S )
o e g o e o
LI A
EIE LR A L
L ¥ 3 BA...4)I » b
N F KON B RN 3
P2 I I T T 3
NOAA $ST

interpolation

24 =k

Fig. 7. Verification process of line intensity algorism

Table 4. Verification process of line intensity algorism data

Area Sector Density Density Index(K)
A 3 0.000738 0.3215
A 4 0.05356 0.8114
A 5 0.00069 0.3163
B 3 0.00058 0.3090
B 4 0.05249 0.7813
B 5 0.00076 0.3206

IS MSE X R21H 45
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GISS &£28 sHrsZAcio) 28 AR 1 69
K &2 094 1Atole] @& 7HXA Mol 7L gEoz M ¥ £
Hed, ko @0l 19 FAESE ARE o HUE FnAFE olgelel e ¥
glZdojolo] Zhzte) Ao F2Mo] 2 =59 A4k A Table 59 2o
A 2EHI YLL sy, ol F2
Table 5. Calculation results of line intensity algorism
Area Sector Density Density Index Arca Sector Density Density Index
1 0.001617 0.353 6 0.002386 0.381
2 0.001567 0.356 E 7 0.002686 0.388
3 0.001273 0.345 3 0.000955 0.331
N 4 0.003201 0.400 3 0.000277 0.281
5 0.007827 0.474 4 0.001078 0.336
6 0.005283 0.439 - 5 0.002293 0.378
7 0.004226 0.421 6 0.001738 0.362
8 0.003984 0.416 7 0.002221 0.376
2 0.000957 0.331 3 0.000770 0.321
3 0.001115 0.338 3 0.000531 0.305
4 0.006508 0.457 4 0.000840
B 5 0.009546 0.495 ) 5 0.002369
6 0.003922 0.415 G G 0.001850
7 0.004114 0.419 7 0.002015
3 0.002160 0.375 3 0.000847
2 0.000675 0.315 3 0.000709
3 0.000783 0.321 4 0.001414
4 0.003444 0.406 5 0.001969 0.359
C 5 0.003640 0.110 i 6 0.001612 0.358
6 0.001279 0.345 7 0.001383 0.319
7 0.001440 0.351 3 0.000853 0.325
8 0.002603 0.386 3 0.000482 0.301
2 0.000493 0.302 4 0.001439 0.351
3 0.001127 0.339 5 0.001751 0.362
4 0.000778 0.321 : 6 0.001943 0.368
D 5 0.001308 0.346 7 0.002133 0.374
6 0.002454 0.383 8 0.000694 0.316
7 0.002654 0.388 4 0.000637 0.312
3 0.001858 0.366 5 0.001998 0.370
3 0.000596 0.310 ] 6 0.002040 0.371
E 4 0.000700 0.316 0.002127 0.374
5 0.001617 0.358 0.000146 0.298
5. 24 Eslo) BrE AUEALE 27e ARE
THEY @ HE2=A8E Table 6%  gHIdoloj $Ho2 §JHG & I AHE
71ELR FUEAL SR en, REME FUEEER A HTable 6, Fig.8 ).
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Table 6. Space analysis

Group Line Density Index Degree Space analysis
A 0.3874~0.4298 High Very strong area of isotherm gradient

B 0.3652~0.3871 Little high | Strong area of isotherm gradient

C 0.3478~0.3648 Middle Middle area of isotherm gradient

D 0.3251~0.3475 Little low | Weak area of isotherm gradient

E ‘0.2882~0.3244 Low Very weak area of isotherm gradient

9Km EolF HF(G-4, H-4, 14, J-4
R LU L2 L2 T 2 e o A7l
‘$‘ e 59 Tzt vy ZsA o
T e [T+ To o] [ B4 @z, wudeamz 25s
A|B|]C|lC|D}D}|D %“%ﬁq ?'H“ﬂ‘ 9}—3}7'“ L}E}‘)’&U}(Fig.g
B 8j¢c|lc|p|n|o ). 499 NOAA #1494 117 Set<
i s (oo o ]alo| [ BN A Fus A B AQe
alslclc|o]|o® 495 BH49(A-1, A-2, B-2, C-2)
c|lojc|lc|o I &3 ‘T‘ﬂgﬂo—ﬂv(D‘& E-3, F-3)2. &
; olelcle|c| f  uUehden wad zA deg Age
Bfoin|o |0 |wa A8y ERFH99  15Km3J(A-3,
s c|clc|eclom B-3, C-3)% €% Z%olA 9Km Ho]
i slelele] B4 A HAE-3 F-3)7 9™ Fasd
E (G-3, H-3, I-3)l X +3A(kB)E °lF

Fig. 8 . Map of structure analysis

o 78 % o

1. NOAA SST #A&3§&

1.1 &8 NOAA SST A8 4('01~'04)

1.1.1 20014

o] veltth ¢ 6Km s FolA 52
Aol gk AsA vebsz, Wi
GEWZ 25= 549 Turt g8
A vebtth(Fig.10 ). 599 NOAA 9
494 87 Set& wAMF A, Fujrt

e AE AGAFHE 49

3499 NOAA 9494 970 Setd
4% 23, Fuist W Ze AG(A
T2 9495 SFA9(D-2 E-22
2 vegten, vy A ved A
4BEF)L ¥€9F¥F 57399 15Km
MH(A-2, A-3, A7 dYFA
15Km 2ol HH(C-4, D4, E-4) 2
g EFFAA ddd FRAHY

UistA a3 Xl M21A 45

NA(A-1, A-2)9H &R F
(E-3)74x1¢] Aoz TA &
Bty 5249 Tzt v
vetd A9 g3 53 g7
(F-3)ol A dgdf AJUI-3)7A Z2A
P Jehgon, SAdA 6~
12Km #Eod Qs gea F249
TFui7t Ze A Jebgoh(Fig1D).
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Fig. 9 . Isotherm and map of space
analysis (Mar,. 2001)
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Fig. 10 . Isotherm and map of space
analysis (Apl,. 2001)
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Fig. 11 . Isotherm and map of space
analysis (May. 2001)
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GISE &8 sfeag2elo 248 932 11 71

399 NOAA #$A4dd 107 Setg
Mg 245, dYg ERsida-2, A-

SRERRY

-3¢ Afleg ATFHYe

249 Tzt ZeA JeEbRTHAT R).
2 @A 6Km Eojd sig9L F2
TUEj7E vl A okgt AHoF vpEbiL
vheh(Em) 2 242 e Tulrt 3
A Aoz JVewgd(Fig. 12). 499
NOAA 9497 971 Setg ¥4 A,
S Fuirt el A AFATI)S
A =9 dAoKD-3, E-3)3 gd¥ g%
HAT-4)o A AFE Jepgo. vayg FA
Yed A9BTE)S 53]
12Kmal| 9(A-2, B-2, C-3)7} =24
(G-3, H-3, I-4)olx Yepgd §2
Tt Aoig ez okgk AAD, E 57)
D FolM 21Km B | (C-5)AfM &
H 9ol 15Km 2ozl sd(1-5)77)
2 TA g2 Yelgey, AnldGEE=
s 52X Pzt SEA JEiwt
(Fig. 13).

599 NOAA 9497 671 Sets ¥4
g A3, 7RG At FFdlA Z'A}
g2 F2A9 Fuirt vlwA <aiA Y
et 25 Het(RmE 25E 52
Ao} Fulrt obF oFatA YEbsth(Fig 14
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Fig. 12 . Isotherm and map of space
analysis (Mar., 2002)
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Fig. 13 . Isotherm and map of space
analysis (Apl., 2002)
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Fig. 14 . Isotherm and map of space

analysis (May, 2002)

1.1.3 2003d

399 NOAA 91494 7/ Setg ¥4
¢ A7, 4495 2RE(A-2, A-3, B-2,
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1.1.4 2004
399 NOAA H148%%F 970 Setd& £4 I R
¢ 23, a7sde AdN Fede P | + Ad
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A 9Km ol HA(-4, - A9 e
7t vlEA Ze Agez e & ¥ onnoool
WA 15Km Bold sideiiE Seae) JGONOE
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ek wlaA Ad AQBFTHE A=NS analysis (Apl, 2004)
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2. Line Density €12 Z9 A 443

Aok, 2004 = AAHoE 24
5

200189 = 994 HERH9s 9 FHl7t &4 JECT. A, B
¥ 9 gl &9 Fas & 2003do C TFE 20019d, D
e 2 Adez dExRn, 24 FHLS 20049, E TFL 2000_‘301
AF A dUde E249 Fa} 714 Bl L}E}‘XkE}(Tab,le’?“)l.,'ZOOl
d@ Aqoz vdeut. 200239 d, 20029, 2003de F2 49
24 F9 Agol FTeHyg Fuprh ERHGgH 23 W AAdgAH F
e FE Adez deigew, 9 Aoy Fulst FaA JeEGod, 5
Hg ERgs 299 Ao 5 3 2003 49 F2A9 Tl 7t
Ao Fujst A Adez YW Z&A dEy s Fedde ¥
o, 2N dAudGEHIE 24 E HeE S84 Fo & 5+ ddd.
T FHist FolH Tl 2003 g5 FFAGHR 23 @ Ad¢e
T 4799 AdAAGN F4H gF% GFY FFAPdez F£29
o Fu7} ol ZE A, 70’5}71] =5 atol 7t ZA LA Aoz Hud
Bgon, &3 FWAA 15Km. o},

A HHaAN ¢ 533, %’74]% °l—r
Table 7. Decision of degree of lxne intensity data(’01.04~'04.04)
. B Cases
Group _Line density Index -
- L 2001 2002 2003 2004
A R 0.387’4~0.‘429‘8 7 4 16 -
B : 0.3652 ~0.3871 15 | 7 18 4
C 0.3478 ~0.3648 36 12 26 32
D 0.3251 7 0.3475¢ 6 11 ‘ 4 28
E 02882703244 - 30 - -
v.za g AdE ¢n2%EL NOAA SST A&
: ; Agd B ZA¥, GISE T3 3=

B A7E ST $LA4 R T2H EXE AAAH: WmEA s
dg BAsy] 9atq %%ﬁ% ELE of & F gden, #X3d ddx A
?_]_ El‘oi Z]-,—§]— ,\]71 ;g_]uE]E ‘,’?_”_TLE] 3.3)59’] E‘E% %- )“]}‘C‘ Z‘.;“EHZ'!?_{ ;g%k
e Austud sgon, Gis gy o THE FARAL $9 ¥FY AL
_1;43] E‘% 7},%3 55“ ‘:‘0__)(1_4 /}_g %)\'-04 wEXE %‘5“}\‘]":' }8":]]3:1‘?_] ;S]AB‘Z:‘

8 7z B3 2 FBEAAY 5
A9 HARYL A5H 2 AAHE 2
oz +4894c. & A7dN Agd

et Ms3i ) M21d 45
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>..
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