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Abstract

Multivariate statistical approaches to classify sampling sites with measuring their similarity
by water quality data and understand the characteristics of classified clusters have been
discussed for the optimal water quality monitering network. For empirical study, data of two
years (2005, 2006) at the 9 sampling sites with the combination of 2 depth levels and 7 important
variables related to water quality is collected in Yongdam reservoir. The similarity among
sampling sites is measured with Euclidean distances of water quality related variables and they
are classified by hierarchical clustering method. The clustered sites are discussed with principal
component variables in the view of the geographical characteristics of them and reducing the
number of measuring sites.

Nine sampling sites are clustered as follows; One cluster of 5, 6, and 7 sampling sites shows
the characteristic of low water depth and main stream of water. The sites of 2 and 4 are
clustered into the same group by characteristics of hydraulics which come from that of main
stream. But their changing pattern of water quality looks like different since the site of 2 is near
to dam. The sampling sites of 3, 8, and 9 are individually positioned due to the different
tributary.

Keywords : water quality, similarity, clustering method, principal component analysis

Corresponding Author: Lee, Yosang, Korea Institute of Water and Environment, Kwater, Daejeon 305-730, Korea Tel: 82-42-870-7421
Fax: 82-42-870-7469 E-mail: yslee@kwater.orkr



402  SEISEI} H18H M 63

LA E

1960‘7‘_1‘3]1 ilﬂﬂ A]x]— 7:];(1]7HHP 2—]iﬂ0§ o]
o e duiERe] ST SVt U sk 9 A4
A 59 AL ol Akl ool whel AR
e 197TTaRE Fo A B4 it v
TAR A=Al e S AlRbskelom, 19909
e 409 Hol FAEHA g FAof| gt
TAT AR dist 1] 7|di7t ARA H

2 el @ARER, 20009 Soh £HEHA
Mo sHse) 09 U 849 Bl ureh 2 A
e AR S Jrhuek A3 gs B £u5757)
A A el AR i g gl et
of Mze £AZAY ARt 71E +uSHY
W7 folo] WAISHA Wt oE SYE B
e AAZ AA Yol 7|23 Holehr|neke
52 wele] AR 2o B o3 0%

A3t Gl o2 Qlste] Salo] fARE A4S B
2330 o S Y 5 HEle] Hold
Aol e 97k W Hlo] Aol 5
W24Y 9 AsdoRt 47 Bl 9 &
FHE ht 28 ARE BEHOR ANSHY

=

=2

o2

worE e

3] TAE SAYE A7to] AU A FA A
Auko g #zlE 4= 9t} oldt BAR $AZ

Hu
=

o,
ot B )y oL flo ot lm oxt N

W
o] AAIL} Hrl= o9 53] R}

A Y A9 B ofFA Hel 442
Wik pelE ATE Avny 9ux daeE
g1l dE7F 5ol T BetAel 2
H
=]

5, 2007)%t HE 1o

R

r

[y

X ol
tlo

-

ox

%741 E‘Q =82 Al 7l%°ﬂ et A2t
A o] 7l~‘o:f& A +ASAT tiet el

AAZEE AN GRS, 20093408, 8
7 EAE dolEE 2R AR Yy
g3to] oY frolo) A2 Y BIPHS AN
(@A 5, 2000817]% 8},
7120] APUHE 34 BH, Ax@HoIt A

‘___.T
74 RUTT 12T, SF 4% 58 9]
o]
S

d
sol BEAHTL THFE PSS A

o ZEu £A2AY 24 A BEAHY 20
ot 24 BRE) e Lefsie] BEAHY
S $AE Tshs AT AR 2 T
oA GEEe 97 FABZAT, 2 249 24
o4 2 FoF BEE ) £HBE HolEE o]
stol WAL 44 HQ fARE Sl
PR ST o] O ASH 2R
ofs 94 BEAHS BRAAT. BRE B2
MY BAS FAE B4 42 YA Bk
of Trotrol] AEAQl AR AR 2

I 7]®8o]2

Al o3t Af Al TSl 9fs) Tl
A TF FAMEE S8kl o] F o8-8t FARE 7
AE EFcte WHoE -2 (clustering
analysis)©|2} g}, Eﬂ—ﬁv—’ﬂ% ozl Hlojg 9

F2o]| s APAA]A]



014 - M / CHHEV[ES 28

ro
00
ol
fol
4>
1l
I
o
=
ikl
2

=
re
-4
N
o
w

o
E
i)
e
ox
j>
MN
1o
Jo
o
N,
HN
|o
HU
)
iN-J‘
i
o

U AP AR E A Aol ol AAE 2
S| )

she HAEA ol otk AZA U

lo
S~
o
o
o
o
2_15
KJ
X
é
N
e
zo L
2 4
Ir
o
i)
=2

-
H R
5o
Qido_z:
LN
23
=
o

L.
>
N

&
il
iy
o
:tl)l=
o
>~
o
o
N
T i
QL
i)
u
®
O

fru
=
i)
Mr o
1
1o
e,
rE’.
=
l-'O
Sh
ol
rie
o
ofx
1
F‘,J
i)
M
x|

=
L

7t Estele WA ol e A

o
rE

=2
10
%

X

i

&l

U e
N

=

3
=
i,

oX,

of

ol

=l

=
L

)
ol
rE
=2
10
=o£
=L
i—lﬂ
il
%
o
ol

N
bl om

it

o

5
n
g
10

Hes 5 U5 ¥ ded %3 3y
(Tanaka et. al., 1994)°l oJs) 54 % W= Het
StAL o]xg W42 WEkstod(Johnson et. al,
2007, pp. 674) MAY FAMS SA5HA Hrh
4% A W7t polal Al & nolzt st
A, 2gaL rdA A SAAE @ = (o, X
X)), SR THA SAAE (@ = (g, X070 ) )2
st WAY] FAMd R T g AREEE
Euclidean (FZ&ltih) AZ(ED)Q} Pearson #
2|(PD)= That o] o thJohnson, 1994).
Pearson 77]¢] Y= W59 Y 324 3E
ot}

ED, = [(x,~x,) (5.~ x)1"2 M

PDrs = [()_(rf)_cs), Z’l()_crf)_fs)] 12 (2)

¥} CCC (Cubic Clustering Criterion),
Pseudo Hotelling 7% SAES o] &at= uho]
olthJohnson, 1998). CCCY Hotelling T ¥4
ol gt EEEE7E glo] AT Lol o

gk 7S s el ARgs | goldt dER
I who] SgETh FHEA ] el Fofdl
ol E4& gofsr] fleiie 28 W HAEY
&0 digh R FHMeEY S ol&5HA
Hoh, A7 g A9 AAAA o)A A
A= 45 gofste A g4 gouw e
£ Sl AR 24S g8t "ot
FAEE A (principal component analysis :
PCA)& AR #A7} Qe o9 MaesS A
2 5 FAERSE wgleto golg o e
Zol= thHEgEA ol AR ¥
5] MR, = D, =120, 7 i= WA
0] - HEA) o= ALY, AP x5
SHARIER; YR SASRT o A A
A ZEE A A{A(4 == =Ap°]
&5k ILfHE (eigen vector)E T-oto] ol&
APAFE AFSSIt SRS AR 5ol

(conY,, ¥) =0 for i), 2 FHEHGe] BARS
V(Y) = Aoleh, G Ak A ZAEHST} 2

Wgo) MBS Asie Blgolt A A
Q.

~

. 421

U AR 9] SHAL AElTl] Vo R &
o9 36.2km?, A 72.8km?, FF .0
So& A7} pFeiet. ol whet A =G
e FASHGA A AR AR} AH

JHol 6 214, S0l 3AH, SHE ] 4]

-
1o
= N
0%
=
o
ol
o

>
B
2
o
( [;lo
o
of
K4 K
2 X 32 rlo
H1
il
Shid
i<l
i
H—I
Jhu
e
N\
N
ox



404  EEHEIL H18H M 62

S
el Kilo meters

Fig. 1. Sampling sites at Yongdam reservoir
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Table 1. Result of Clustering Analysis
Year Similarity level 1 2 3 4 5 6 7 8 9
2005 74 A A @) O O
2006 72 o O \ v (@] (@) O
A=A 2+ 200590 HEAH 37 2006“1 Aol A Aot AAAA ol sl #= AHT
o= WSAH 13} ARt XW = A g W& W= E 4745 "ok
H HEAH 87 9= 29 HEF Aolgh A=A - Table 2= w424 Ay} dojzl #£49) 54 =
2 upHgc, TenE TONA A ASA S 2 el 1) 54 weel A 3L o
e Wol= AH (5, 6, 1), 3H1A EAL 2= A gto] HAIRE FAREA Aol Fig, 132 &
QA2 3 4, 223 47 AR HE A- F o7l 3 (Table 18] 24 71T AM)S T1F HA]
A1 83} 95 shute] Heor Thaste] £ 47 A 2 stof Al FAEY A2 FER RS 2" A
Table 2. Result of principal component analysis (PCA)
Year of 2005 Year of 2006
Parameter = -
First PC” Second PC First PC Second PC
SD -0.26 0.35 -0.27 0.40
SS upper 0.31 0.15 0.31 0.02
COD,y,, upper 0.12 0.54 0.10 0.79
T-P upper 0.31 0.14 0.31 0.05
PO,-P upper 0.29 0.28 0.30 -0.10
T-N upper 0.29 0.19 0.26 0.16
Chl-a upper 0.07 -0.44 0.30 0.11
SS lower 0.32 0.01 0.30 0.06
CODy, lower 030 0.08 027 0.03
T-P lower 0.32 -0.01 0.31 0.07
PO4-P lower 0.31 -0.08 0.29 0.08
T-N lower 0.31 -0.21 0.27 -0.03
Chl-a lower 0.25 -0.43 0.26 -0.38
Eigen value 9.28 2.09 10.29 1.42
Cumulative percentage (%) 71.4 87.5 79.1 90.0

) PC : FA] E-(Cumulative percentage(%))
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