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Abstract — This study was carried out to understand the characteristic distributions of water temperature and salinity
in accordance with seasons atound the Tongyeong and Geoje, based on a cluster analysis. Water temperatures in coastal
areas were 1-2 °C higher than those in open seas when in the spring, autumn and winter. In particular, a south-
northward isothermal line was established at the bottom layer in the winter of 2014, unlikely to the surface layer. In
addition, a south-northward isohaline was also established at the bottom layer in the winter of 2013. Therefore, we
recognized that a moving pattern of water masses has also a difference since forming directions of those lines were
not equivalent with each other between the surface and bottom layers. In contrast, stratification appeared in the
summer with a roughly difference of water temperature of 10 °C and a salinity of 2-10 psu between the layers. A
cluster analysis indicated that the southeastern coastal waters have three distinct water masses, even though some
complicated situations exist due to the seawater inflow from the outside. However, the result of a cluster analysis
turned out quite reasonable because the result of a regression analysis proved that it is appropriate, just except for
the timing of a south-northward front formation.

Keywords: Southeastern coastal waters(‘g3ll 53l &), Marine environments(3l] %2}7), Cluster analysis(z" % 27),
Regression analysis(3]713%-4)
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Table 1. Observation period (2012 ~2014)

Spring Summer Autumn Winter
2012 5/18~5/24 9/3~9/14  10/15~10/26  2/29~3/8
2013 4/29~5/10 8/26~9/2 1021~11/1  12/2~12/11
2014 5/19~24 8/25~8/31 10/28~11/3  2/24~2/28
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Fig. 1. Bathymetric topography and oceanographic stations.
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Table 2. Temperature and salinity distributions in the spring
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Temperature (°C) Salinity (psu)
2012 2013 2014 2012 2013 2014
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*Minimum~maximum(average)
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Fig. 2. Horizontal temperature distribution at the surface and bottom layers in the spring.
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Fig. 3. Horizontal salinity distribution at the surface and bottom layers in the spring.
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Table 3. Temperature and salinity distributions in the summer
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Temperature (°C) Salinity (psu)
2012 2013 2014 2012 2013 2014
Surface 23.52~26.37 17.01~25.93 20.80~24.74 19.21~32.67 32.27~33.68 24.79~32.68
Summer (24.84) (22.26) (23.06) (30.14) (32.94) (30.88)
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(16.62) (15.08) (17.35) (33.34) (33.97) (33.44)

*Minimum~maximum (average)
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Fig. 4. Horizontal temperature distribution at the surface and bottom layers in the summer.
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Fig. 5. Horizontal salinity distribution at the surface and bottom layers in the summer.
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Table 4. Temperature and salinity of distributions in the autumn
Temperature (°C) Salinity (psu)
2012 2013 2014 2012 2013 2014
Surface 18.56~20.87 20.87~23.10 20.06~21.25 31.74~32.97 33.00~34.07 32.46~33.21
At (19.80) (21.58) (20.59) (32.47) (33.44) (32.95)
T om 14742050 15.33-21.65 15432118 32.06~3430  33.13-34.18  31.62~34.01
(17.67) (19.21) (19.44) (33.23) (33.63) (33.09)

*Minimum~maximum (average)
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Fig. 6. Horizontal temperature distribution at the surface and bottom layers in the autumn.
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Fig. 7. Horizontal salinity distribution at the surface and bottom layers in the autumn.
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Table 5. Temperature and salinity distributions in the winter
Temperature (°C) Salinity (psu)
2012 2013 2014 2012 2013 2014
Surface 9.89~14.02 12.06~15.41 9.96~13.49 34.35~34.56 33.80~34.19 34.26~34.48
Winter (12.00) (13.69) (11.98) (34.46) (34.00) (34.38)
Bottom 9.35~12.80 12.06~14.49 9.90~12.28 34.34~34.49 33.72~34.04 34.26~34.42
(11.31) (13.26) (11.21) (34.42) (33.90) (34.35)

*Minimum~maximum (average)

¢ }( 2012 Winter temp. (°C)

6 Surface
:t\ - - - - Bottom

34°339'N 34°448'N 34°55.6'N
I f ¥

34°23.0'N
I
34°23.0'N

| 2013 Winter temp. (°C)
Surface
- - - - Bottom

| 2014 Winter temp. (°C)

%\
N Surface
- - - - Bottom

34°55.6'N
I

34°448'N
f

34°339'N
I

‘s,

34°23.0'N
I

T T T T
128° 143'E 128°27.3'E 128°40.3'E 128° 143'E

Fig. 8. Horizontal temperature distribution at the surface and bottom layers

T
128°27.3'E

T T T T
128°40.3'E 128° 143'E 128°273'E 128°403'E

in the winter.



180

2012 Winter sal. (psu)
Surface

% 4

34°55.6'N
ﬁ’

34°55.6'N
1

34°448'N
L

O

oy
LA
ek

A \\% & j’\\ - - - - Bottom ;.- \«
e 5 R DS
W % o
o N - WGeoje> iiﬂ TR S 5);\‘ \5 /\)
® S 1

2013 Winter sal. (psu)
Surface

2014 Winter sal. (psu)

Surface
- - - - Bottom

- - - - Bottom
e

34°55.6 N
H
-
=
Wb
S
H "H
B
]
o ™

34°44.8'N
f

?4%\ ’Z‘%‘a\, - /
§ ! A};-wa_,_,_—”’y‘l R % 5 ’ !
™ 7 \
i .
Fig. 9. Horizontal salinity distribution at the surface and bottom layers in the winter.
2] QoW Jeong et al.[2013[] AFF Al 2] ST BAS TF  aldetow flEE W) TAEe wolrh
ST 2 AP A Aol PIL 20 SRS 53, ool Ui Sl BB s, A7 S
2014 A2 AL AR B2 FEh moR SYgse 4Y A4S IR, He)
el R, S T RO FYISI sl ol ol 217 SHE Mismatch St ol At g
Al Aks e FMEo R sl 7 T AR LAY o, o= B5AA0] Sx|ek AT oAU A5t g 2
oISl A7} B SIEk AL S SR Foise] AR RS SRS, 51, & Ao Yidel 297
tha Qgsle] 7hs FENE Bolel, BAE EAISH FAR 28 o] FAS ot Ay Gl BAERE i vl ke
g dEAfol= A4 HARE, AT Syt SRl dEizE 7 slolx &5 AR Aol tid $UE Ao Aed slow
g e 7 A 548 Ueholn. Az
AT HE 377k (Regression diagnosticsyS 531 ©]

32 3A M Agt

A -due) #5435 vigow PARAE Aw A
342 Fig. 10~119] Vhehligieh. 1903} ol #4412 Falol A
A FIER I A PO reld gF VEe R T
oL, 20144 F7) EE} o] Cefo] o] Avke Lol

B A
AL |

A= 795 bk, o] 29 #4lo] 43 ol Fol Zo] oh)
2 C7oo] % H9) $3E hrolA 2o Beksiglet. A

Q1 AR Ayks el S T Al 71 (A Rl
kr, B wallfdskr, Hed g 3 sl A, ¢t
F o gkt fE) 07 JHo] 7VssIglt). SHAIEL, Fig. 10~11¢]
AtE o IR AT o] e TR e olF By
&= SIS AR vl Al AlY) o= 2 uroislont, ot
Uk B2 Al e ol inl, A Rle] el
53], slle 5ol A de® J4dd A%k ¢ &
Aoz Bl 8 4R1 G2 o, AARE S5
¥ R BT ATolM AR EaE gl < otk
FAE S} FRAFSIA Al A 2] 57 BARE, SR Al 7He)
TR 2 FEHT B9, 20149 FAE FA )BT
2 BT st AR e L, Cree sk e

L

A
Ai‘_.
71
94

Ik (Residual valuesys 75191 2.1, o4k I oll= B8k}
(Standardized residualys ARE3I9AT, 3 §P‘]’X]~— ZEH(Residual)

£ Z7te] FFAE o] 35318 gloln, Bshiake] Ayl
#lol 3 oPdeld oldel Fho] 7<) ghalshi, 29} 3 AfojolH o]}
el 7Fs7de] Stk whde O]D}

FRAAAT, FolgE 9 w2 AUt 2AAYE
Table 6 2! Fig. 12°ﬂ YERIRITE. Fig. 125 XF313}9] 3|1 A8
o], AME EFAEEE UERATE Table 6] A7}l
TRAGAT el ghEe] 7IEAE Holvs 495 Avnd
TAAAT= EFA 2014d A, sHAl D FACl, ATelM=
2012, 2014 sl Skkom, 12125 PEko] 0.005% Hi= Al

7 B 59, AT 3oR F g SHIITE 3 259 &
O)FE 7+ 2014 FA°l 0.037, EA10 0.044% B A =9t

o, 70 wpe} EFsEAF gto] 29 3 Ale]9] e Kol
A7 20148] FA, A Yebsth. 12y f2gkE 7ol
02 Yehll= 217191 20129] &4 2 FA], 2014 FAll=
EFRAE Adiglo] 291 3 AfolE veh= A E3sIsich A
3—4 A= AR 2014 sA1] A5 2lgE ghel 0.008
A AYGEE 29) 3 AbelE KolANE, 2012 &1



TS 0183 B ARl At ] 2 A

P 2012 Spring(surface) . 2013 Spring(surface)
5 5

Distance

° -
St.g *I

_F
St.h

ste'

St.e
St.f

Euclidean distance

Sta
St.e

s 2012 Summer(surface) . 2013 Summer(surface)
5 5
4 4
£s
2
2
1
c
ol—1B O —
i & & & 3
Euclldean distance Euclidean distance
s 2012 Autumn(surface) . 2013 Autumn(surface)
5 5
4 4
8 8
g §s
g S
2 2
B
1 FFF‘FH £ r; ra Wﬁ Alej ; ; 1
c A
0 ol
# E

2012 Winter(surface) i 2013 Winter(surface)

nce Euclidean distance

IS
I

Distance
w
Distance
w

~

— :

554 181

=

2014 Spring(surface)

Distance
w

—_ ——
1+ B C A
C
ok
sezs9zs22ss ez

Euclidean distance

2014 Summer(surface)

b6 ——
]_I
22—‘

B

1 rh
cossfstzesss ez
25 z2@< ez ER

Euclidean distance

2014 Autumn(surface)

>
+F

1 B
C LT
ol ]

s2esEzecsssees

Euclidean distance

a4 —

b2
b3
b4

=
b1

2014 Winter(surface)

-
-

c L

P08 CS3TLE 28T 983gle3esee 5 3 3
AREEE AR R EEEERRE R R R i 3 2
Euclidean distance Euclidean distance

Fig. 10. Dendrogram by a cluster analysis (Surface).

2014 FA12] A= BEshdar A9igket 291 3 AlelE vEr
yisict.

TR SRS SAl Blaste] R FEAAS,
o2 9 EFEsAF Adiglo] 71 Hlolvks e A4 Al
7 Z el & 4 Qo 3, A EA 2 FErt s ke

FATZE T A9 BA, Tl B 2] o) 8
S AR, e ol A S F> 7§—°r 1D‘r. 53], 2014

o] 37 5539 A B4 FEAEAF ghE ol B
sl Ahighe] B 7|EAE dolMe %‘%Olﬂi, TEHOZ A

Ste —

TE Yepstt

B
oo T = w2 - o T W R A M
2 2 5 2233532828233 8 8 @ 8 @ & 18 & =

T ] e

al0

Euclidean distance

o

9] 991 F #Alo] AT GelE bk 3k
23 F 7Y e B He) BAR glol 1EAE dolis A9
ol Re) 9191 % Helw @ 7 ol Eateha gl 7

AT, folE 2 s kel
A A FARY AE o RATE BAeIAE vk
ek A717E ERsg o, Awka o g st
S 5 glom b A vk} gol, $F w5 A

ofal BARY Ase) HPHYE 85 U F US A0 AR

1

(
)



182 Ay ol oS 71E

2012 Spring(bottom)

2013 Spring(bottom)

2014 Spring(bottom)

#

6 6
5 5

4t ] 4
® ®
£ £
34 g3
2 ]
a B a8

24 2

A
c A
1 1
c
ol Imna o IIanraimliien oy o o
STESEURCIEUITCERIEO0EERIR83¢ES 2 2 F
Euclidean distance

2012 Summer(bottom)

7

B

1 ol 1
Euclidean distance

2013 Summer(bottom)

IR
ERRE

B
a5 928 TS
| = % 28 =% =

T = o & @
2332323 3 -

St.e
St.f

% Z
Euclidean distance

2014 Summer(bottom)

Distance
w

6 6
5 5
4 4
g g
g3 g3
2 2
a a
24 2
A
L B
1T A — A 1
0 gl 05, - P 2 o -
# 2 & & %

i
al
a

= - = PR EEE R EEEEEEEEEY
g:’:@??%§§§§§§§§%§§§?§'§§?;?—;Eggg 3 P 2 5232282898335 [3598%
Euclidean distance Euclidean distance Euclidean distance
. 2012 Autumn(bottom) . 2013 Autumn(bottom) . 2014 Autumn(bottom)
5 5 5
4+ 4 4+
8 g g
5 3+ 5 3 5 3
Z 2
2 a a
24 ‘ 2 2t
4
A I |
B
A
0 e« = a 2 s ° 0 L
seggiggsensessevezsasngesesfis  § 3 0§ 3 3 0§ 4 4 < swwszuizaz@azzazc[:
Euclidean distance Euclidean distance Euclidean distance
. 2012 Winter(bottom) . 2013 Winter(bottom) . 2014 Winter(bottom)
5 5 5
4 4 4
g g g
LR g3 LR
2 2 2
a =] a
2 ‘ 2 ] z

° -
" +
»

2012358 20143704 ST LA s AT AE ol A AT
gt s YA AL ArHES 5
A Ak o] sl FRE S vetaiitt. 7= 59 Akl
o] oF 1°C AL gl nlsl s9kar, 3t Gl o] ©f
8l TS AR, AAIRE AREEL 9] 7}

531, AA T=52] ckele] Hlel] o] 1°C Y2 57} A
o= sk FEE 2ok slle AT AdSo] B4
T2 oF 10°C, H 2afiollA 2 psu, 7214 10 psu ©]

o
o
o2
Sh
M
32
=
N
I
ol
Q.

Euclidean distance

-

o
0

B I A
i | = S = I P S
2 2z:82523%3828%59%9%¢sE

Euclidean distance

St.g

St.a —

std —
b3

a

oz gls) thE SR FREIE FAIE At el
AEH, Aol gkelo] w2 ARG} Qa2 Fgshs 8
S Btk SA1E flsiedo] dgtdr} oF 1~2°C P& F&o]
=okom, 20139 ¥-AF, 201432 AFolA A wgko g
S-S AT G2 20139 ASolM BE UE -
5 ake] SARAS PSS 201393 201439 AT 5
T 4 SRS 1 o] MR tEA FAdEgleH, o=
7] €] o] ME T2t 218 BoFgint 53], 20131 =]

o off

)
V)
z <

N
X
I
;

2

FASE Wt (AR, http://wwwinifs.go kr)
T2 A7 ddel 2 RigE I ole 534S Bl nhebA, 35

ok

il



TS o] 83 59 A QIgtele] e AR AN Wi 54 183
Table 6. Regression analysis result
Season Coefficient of Adjusted coefficient of P-Value Residuals Statistics
determination (R?) determination (R?) Min. Max.
2012 Surface 0.536 0.502 0.000 -1.848 2.234
Bottom 0.861 0.851 0.000 -1.712 1.623
Spri 2013 Surface 0.842 0.779 0.010 -0.912 1.856
pring Bottom 0.817 0.744 0.014 -0.789 1.899
2014 Surface 0.338 0.255 0.037 -1.771 2.206
Bottom 0912 0.901 0.000 -1.711 1.720
2012 Surface 0.554 0.521 0.000 -1.457 1.519
Bottom 0.727 0.707 0.000 -1.699 2.286
Surface 0.786 0.700 0.021 -1.726 0.927
Summer 2013
Bottom 0.889 0.845 0.004 -1.696 1.233
2014 Surface 0.422 0.350 0.012 -1.433 1.446
Bottom 0.792 0.766 0.000 -1.492 1.567
2012 Surface 0.826 0.813 0.000 -1.905 2.655
Bottom 0.881 0.873 0.000 -1.850 1.901
Surface 0.956 0.938 0.000 -0.988 1.630
Autumn 2013
Bottom 0.983 0.977 0.000 -1.163 1.417
2014 Surface 0.701 0.663 0.000 -1.716 2.011
Bottom 0.945 0.938 0.000 -1.070 2.268
2012 Surface 0.883 0.874 0.000 -1.657 1.630
Bottom 0.298 0.242 0.012 -0.910 1.795
. Surface 0.932 0.905 0.001 -1.307 1.366
Winter 2013
Bottom 0.938 0914 0.001 -0.954 1.496
2014 Surface 0.323 0.238 0.044 -1.674 2.561
Bottom 0.456 0.388 0.008 -0.776 2.817
; 2012 Spring(surface) \ 2012 Spring(bottom) 2013 Spring(surface) o] 2013 Spring(bottom) o] 2014 Spring(surface) 2014 Spring(bottom)
e e e e e e
§'|o~ gm gnr £l gm— £
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Fig. 12. Histogram of regression standardized residual.
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