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Abstract

Algal blooms not only destroy fish habitats but also diminish biological diversity of ecosystem which results into water quality
deterioration of 4 major rivers in South Korea. The relationship between algal bloom and environmental factors had been analyzed
through the cross-correlation function between concentration of chlorophyll a and other environmental factors. However, time series of
cross-correlations can be affected by the stochastic structure such auto-correlated feature of other controllers. In order to remove external
effect in the correlation analysis, the pre-whitening procedure was implemented into the cross correlation analysis. The modeling
process is consisted of a series of procedure (e.g., model identification, parameter estimation, and diagnostic checking of selected
models). This study provides the exclusive correlation relationship between algae concentration and other environmental factors. The
difference between the conventional correlation using raw data and that of pre-whitened series was discussed. The process implemented
in this paper is useful not only to identify exclusive environmental variables to model Chl-a concentration but also in further extensive
application to configure causality in the environment.
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Fig. 1. Location of 4 major rivers and 4 weirs



E.H. Lee et al. / Journal of Korea Water Resources Association 49(2) 155-163 157

B ERWIAIA S AT ol $slck A
B AR 2T AL

167H E%— H101E1-°4 @Z%M Z*% AFH, S i oléi
55 A}%EM T

“J@EH A AZ I} e Sf RS 7 A AU A e AR

F714d 0] EATR= Z5-olli= A A EA]o) MM, A

493 el ko) A9 A50] e dakalels

[ AL o] AFAS 78k, Ak out AL EA S <

3}A171th Box-Cox 3+ o] 9} +8 A 2 g dal=u) J

7] 2rol= W o ' th5-3t o] LAt (Box and Cox,
1964).

>

(t) = (Z(“j ) =0 ()

z(t)=In(z(t)+ O), v=0 2

s |
AS Yedl= A2 vt 22 ‘%“—]. o= ﬁ]*&%ﬁ}.
Yy () = ©)

= p,, ()£ F A A B A o] LAk FEAke] AL p (0)
Sbp, (0)=x, y AL l"i: FS ofn] el

T AL ] F=A A Q1 S ol whbA, mAp e gleol
WASA S Aol sl Ll #Eﬂ 01 Aol M= AP
o] o -5 Wik wAP o] AlE ke Aol
Al AL WA= o] A= A 1@"* 727} itk 7Sl
Z1eeI3iTh A A2l B 3 AR tigh A A g ] 5
AN N5E A A, R DA o]
SJslofof ghek, Al A|Ge] Ap7] kel | A7) g
= A%

15 o] 7% Tletst] 91814 AH8E 4+ SlrkBox
and Jenkins, 1976). A1 A 8} %] 2](Pre-Whitening Process)

¢
4
ﬂl

i)

£ 9ol okt &2 Al A1E By o] 22

Stk
¢, (B)x(t) =6, (Bu(t) (4)

oJ7|M, B FF QLRI B (t) ==
Efvbal, ke g AAARES
¢(B) =1=¢,B—¢,B*——¢,B", el :
0,(B)=1—0,B—0,B*—---—0, B"9} 7+o] WPt}

Uk, o] 727 AR Y, T By o] v A AE
A S A= AR = Lo o] =

of FAsHQ) T
ol 4= Chl-a7} 5131 o] &= T3} 7o) Vepyie},

(t— k) 9 o] 1}
o gy, e,

¢, (B)y(t) =0,(B)u(t) 5)

ZF

ful

Wi

1714, Eq. (4)2} (5)] el A AL
O AALEA FH 5 9l
o5 A H A A AL 2] %W4 7 W o=
7tE 4 °‘btﬂ A= AxF A A D) 2} | gl At
e Wok’% o] 50| AIE|F 1k el EAlH=AIE

E;}HL :rL?“OE/ﬂ/] Ew %,ﬂ- 9

u(t) 2Fo(t)

rr

]_

[0}

1' ml

cyHe= Portemanteau’\] Holt},
EAA7EA] o] el gk A7) g g v, 2 S @
A= o o] Vehd )
Q=NN+2) I, Niik (6)

o] 714, k= A A A 7ol 2L, NS TE3Blg=o]H, m -2 K| A
A A7) agke o] =0l ) Eq. (6)°] 2] AlxtE Q5
A= m—1i2] A-E(degree of freedom)= 717, o] 714 i
= A vEse] & P EEE upErKSalas et al.,
1988). RFoF QS AIX 7} A7 v? Hvk 2hE 749 BE Shol]
o) gk XA} w3 o] =g g o] wslriar e o)
o]} o] FEH 7 7 o] JxF A A D o] vEFA 91 ZdtAd

2 U 22 Ao 2 HrrE S Q)

1714, p,(0) 2k p, (0)

A AAD ] s Ay, (1) = Tt el



158 E.H. Lee et al. / Journal of Korea Water Resources Association 49(2) 155-163

| Statistical Analysis |
v

| Normality Check |

¥ NG

| Data Transformation |

¥

Identification of Stochastic Structure |

¥

| Delineation of Determining Factor |

O0.K

| Pre-whitening Technique Application |

| Causality of Pre-whitened Signal |

|Identification of Exclusive Correlation |

Fig. 2. Exclusive correlation analysis process

“Fult+k) <o), k=0 (8)

= LEX uli+R) < o(t), k<0 ©)

Fig. 2= 0] 9} -2 B & A =2 HALeH 210 2 jely
A A S18 Al o] Fgo] vk Q)T Fig 25 A
2 0 2 Avehd, UA FARIA A AEES MestaL o] 5
°J % | 228 =3 oPO% S e, P e s Eq.
(1) 22 Eq. Q)¢ 22 Wks et W gkl 52171 A

Al gl a4 Chlag‘rﬂ—ﬂ"" BEFE AR5, A= 7
E3fo] Mulas) 22 7198 A-8-ghrt. o w Eq. (4)9} Eq.
()2 8-S TN FEJMA I 2L Y= AT P S
’gskar v Al AlE o] FAAAIE & AlLtete Eq. (7), Eq.
(8),Eq. 9)= ol-&ste A 2 5.0] d-& i shaL, -
o3k QIAFES 5] el A & mEsi)

4. A3} 9 9

4.1 viERA A@/-EA A

o] =oll 27l WHES A8k IS HolFT] ¢
A w7e] Mg B5E e} Chlal] 59
2b7Fol SERAAM PS5 TNEEN NHNEEZE W
TN— NH,N& =2 & Aol A #5% Chl-a®] &=A
o] o] Zg¥htA] A 2 th5- 7 2T} Figs. 3(a) @k (b)= 7 74

5}
[ Rainfal and Chi-a
0.6 4
0.4 4
c
e
fis]
T 02 |eeessenenee,  upansnnnne sssesene
3
L8]
w00 o -
g bl
Q
02 o
0.4
0.6 T T T T T T T T T
=25 =20 =18 =10 -5 L1} B 10 15 20 25
Lag
(a)
08
[ TH=MH N and Chi-a
04 = 0
S = M [
= g2 P ——— T TITTITT T
?
3
o
o
8 o I
02 quansnances o eeee sassasssses
04 T
25 20 15 10 E] o 5 10 15 20 25
Lag

(b)

Fig. 3. (a) CCF of rainfall and Chl—a in sejong weir, (b) CCF of
N NH N and Chl—a in seunchon weir, Dotted line is £5%

confidence level

ol tigh 719 AR E Z7F A §F Aot
735 B A A A THlag) 091 A= g o] FAZ e =
7| Ak = A9 Fig. 3(a) ] 73 -9-+11A4] +13F744] 9]
Fo] A A A= A o m Al ggk A ak Al gho] Al
AFE 91 3L Fig. 3(b) 2] -9-1= -240 A -105:2] A A 1+
of| 34| P%A] & 4 gl AT A E ol A H T o]
of Z& A= FE A o2 BT gl A= 2
o] Al 74101‘501 7HA AL Q= 714 5] AHA| F g el 7]
ek F1 0 2 FFAR1 A Al o) Ak Ksk Azt
& AbE gt ojnjo|t)
wpebA, AlS R O] At SERS] TN NHNE
) A AL Y] FAITA Q] F25 AT o] & 9 OHH
Zkzyo] Al Aol tl gk A7 ko HA ek
AAkeedar, o] A3= Fig. 40l =A] = o] T

[



E.H. Lee et al. / Journal of Korea Water Resources Association 49(2) 155-163 159

(-1 ]
[ Randd
as
ad
5 o2 H.-.it---oa!!vvivr-"lll
i | NP m —
£ . IOEO o= o~on
2 92 ll.l.-iiii‘......'.‘....
D4
0
a8 -
e 5 0 15 20 25
Lag
(a)
as
=] Raniall
a8
a4

LR B B I B B L L N

i e

D24 B B BB R R RS EE R EEEER

Paiftial Autoconaiation
=]
L=}

Lag

(c)

(1]
= TH-HH N

a8

el eattssssssaspternat
& .
2
EM ”HI‘I.—‘ I—IUU -
E LR

434 @ L|

-
e '---...--at4a44.'...‘
Q8

Lag
(b)

g

=) TH-NHN

Ll

-lﬂ.liil.‘liiili.‘il'llll

0o mll A O
= H [ =) 6 o 0

LA N N R R R R

Partial Autocormelation
[=3
b

Lag
(d)

Fig. 4. (a), (b) ACF of Rainfall in Sejong weir and N NH N in Seungchon weir (c), (d) PACF of Rainfall in Sejong weir and 7ZN— NH; N
in Seungchon weir, Dotted line is £5% confidence level

Fig. 4= o] 5-0] Z}2} A7 g agkoll = A ko] 74
FEE A7) B AAAR o] 50 i RS H
o]aL Ut} o] = F 4-9- B ARMA(L, ) FEje] & o] A3t
shthe= Al 9 l?‘f&ﬂ{Salas etal,, 1988). ARMA(1,1): H
oE] o] FAIBHA F-27FAR(1), MA(D) S W= Zlo] 1] o]
E-19] lagol| A 27] A o] Eash= AL ¢Ju)git) uje}
A Eq. (4)2F 22 ARMA(L D) B H = 285 A ekaL, =1
TR RS ’ﬂ%—o}ﬁ UH7HHﬂ’“E T A
H]Z—Eﬂ o] Ag-miziHa 29, 0] 717+0.79,0.49
FAEJATEAR = 67,292 AXE AL} 5EH 9
N—NHsN%%t ¢, 36, ©] +7+0.90,0.55 2 FAHE A
AL TEAXE 147,482 AXE AT} 2H2te] & '%‘% Eq.
(5)oh 22 A o= A-&sto] ZH2te] 79 ﬂ%
ALE F=3aL, ol 5ol tit Sy S *SHH A
717t A7) e AL 9iﬂr. Fig. 5+ 3l
FH = AALE] A7V FRET 5% -2l 7k #1748

rr r_ﬂ ftlo

28 Hol a1 gl BE ol gl FA8HA 91 -
Z7F A3 AAE DS

A7)0 AL At =
2] 9] %] ¢l Portemanteau A & H = Ax}E0] ZHAIS H
o] FRATE wheEbA, A AL ES- o8-8 A0 AIS7TH Eq.
(1), (8), (92 AHg-3ke] 5~ =] AT Fig. 6(a)i= AlE 1ol A
B=9 5 Chl-a2l FEARO) Q) vElA v S
Fig. 6(b)= FAHde] SEHAAN #A5H TNVE A
NHNE%=E W TN~ NH,NE =2 & A - oA #54
Chl-a2] FE=Ao o] vl e} A4 & Hol =01 ek Al
1.¢] 749 Fig. 39}—“— ] AAAZE 0l A 2] g 7
A A AIZE 10l A] oF ek oFo] kA& H.of A 79-F Chl-a

S RN AR AT o2 AT AR o2 S0
A



160 E.H. Lee et al. / Journal of Korea Water Resources Association 49(2) 155-163

L

e Ay o B (i

4 o

aaaasaaa RN

Old B @ @ @@ @ &8 8 &S

AADC Tl

fid e E e RS EEE R E L L B E T

L4
a4 v
] g L) 5 o 5
Lag
(a)
o4

= ey e ey THAH N

Old @ 8 8 & & & 8 8 & & & 88 5 & 8 868 6 8 88 88

1l

AL T A

LAIsma @ & B @ & B8 Fd BB EER PR

4

Lag
(c)

0 Moy e Sor O3

LERE

T AR RN R R R NN

O @ & & &8 8

Ao radabon

ok LR B R S RO E R E R R R R R R NN

4 4
Ha g
L] ] w 5 o} 5
Lag
(b)
oe
=T Aoy ey dor D-g

LER

OFcl & B @ 8 % &8 8 & EEE AR R R EEA

Lag
(d)

Fig. 5. Residual ACF of (a) Rainfall in Sejong weir (b) Chl—a in Sejong weir (¢c) N NH N in Seungchonweir (d) Chl—a in Seungchon weir

08

=1 Prewhitened ccf between rain and Chi-a
R -
0z o LA L ST SR IBED

i 1119 S|
T e “1 Iall

Cross Codrelation

0 Jeassnse en sasassnsasan
04 4 L
o6
25 20 15 10 5 a £l o 15 20 5
Lag
(a)

== Prewhitensd ccf babamen TH-MH M and Chi-a

[ sassssasssassinssssadsana  ToRERERES

nunm. nfl fl -."-I.n'h
o -|.l-r-1-||-fu lr'

02 STERR AR I RRRRINER NN SALE

Cross Corelation

04

(b)

Fig. 6. (a) Exclusive correlation analysis of rainfall and Chl—a in sejong weir (b) Exclusive correlation analysis of 7N— NH, N and Chl—a

in seunchon weir, Dotted line is £5% confidence level

o] WA slaL
Atk

A7 Ol A1 5 o] AR 9) A AT A T F XA AR
o] 021 A71=-5 gelste] LFeRd 212 Table 191 YERITE

= AlE el gt Avte dd

Chl-a3} &7 1AHE ] WA= 0-lagoll A 2] &7 a/d o]
LHERLEAL Q193 A|(Causality) & WFERE = Shi= 501 A1 A)1A]
]

ZHNegative lag)ol| A= 2] 17ko] Abo] At o] EXs}A
YERA] gkott) o] = 54 F7171H 15 74 o] 7] w7l



E.H. Lee et al. / Journal of Korea Water Resources Association 49(2) 155-163 161

Table 1. Comparison CCF results of raw time series and Pre —whitened
time series (Ipo)

Table 2. Comparison CCF results of raw time series and Pre —whitened
time series (Sejong)

CCFof raw time series CCF of Pre-whitened time series CCFof raw time series CCF of Pre-whitened time series
Rainfall &Chla -0.14 Rainfall &Chla -0.17 Rainfall &Chla -0.10 Rainfall &Chla -0.41
PO4P&Chla -0.29 PO4P &Chla -0.25 PO4P&Chla -0.13 PO4P&Chla -0.33
Water Temperature Water Water Temperature Water Temperature
41 . .52 .4
&Chla 0 Temperature&Chla 0.36 &Chla 05 &Chla 0.46
BOD&Chla 0.80 BOD&Chla 0.50 BOD&Chla 0.68 BOD&Chla 0.59
TOC&Chla 0.27 TOC&Chla 0.11 TOC&Chla 0.34 TOC&Chla 0.27
TN&Chla -0.37 TN&Chla -0.22 TN&Chla -0.38 TN&Chla -0.03
NH3N&Chla -0.32 NH;3;N&Chla - NH3;N&Chla -0.35 NH3N&Chla -
TN-NH3N&Chla -0.31 TN- NH3N&Chla -0.23 TN-NH3N&Chla -0.27 TN- NH3N&Chla 0.03
Solar Radiation Solar Radiation Solar Radiation 0.66 Solar Radiation 0.44
&Chla i &Chla i &Chla ) &Chla )
Sum of significant Sum of significant L 1.54 . 1.32
CCF value between 1.48 CCF value between 0.97 S G IR 2.2 S0 G i 1.76
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Table 3. Comparison CCF results of raw time series and Pre—whitened
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Water S"I;e(::n;faerature 0.30 Water ;eénﬁfaerature 0.25
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TN&Chla 0.19 TN&Chla 0.11
NH3;N&Chla 0.21 NH3N&Chla -

TN-NH3N&Chla 0.07 TN- NH3N&Chla 0.17

Solar Radiation Solar Radiation

&Chla &Chla

Sum of significant CCF Sum of significant CCF
value between factors and| 1.9 |value between factors and| 1.33

Chla Chla
2J5PA 1.32 18] 3 XS ¥ 851H 17602 7)1 A H A3}
2 HojFEr) AlER ] S 27 B EE Ao)dh= 947}
o) Wi 24 5] 919491 247 oA ANkX 9l 3t
A

o
o] Moz Q13 ko] AlghA ol efar ehed A 3l
A
[e]

SEne] gk A3 F AR 02 AnkES 4
2]t} Lhehdl 51 Table 301 LERLIQIEY, 7 Al B4 2
T2 Egar A3 A Q] ool Aade] e 19 2

B

2 2% WolFr, 2] ) el
of % o] A4 3 1308 Ehih,



162 E.H. Lee et al. / Journal of Korea Water Resources Association 49(2) 155-163

Table 4. Comparison CCF results of raw time series and Pre —whitened
time series (Haman)

CCFof raw time series CCF of Pre-whitened time series

Rainfall &Chla -0.24 Rainfall &Chla -0.18
PO4P&Chla -0.19 PO4P&Chla -0.31
Water g"l;ecn}:faerature 027 Water ;;e(::mh%)aerature 0.04
BOD&Chla 0.48 BOD&Chla 0.56
TOC&Chla 0.33 TOC&Chla 0.30
TN&Chla 0.38 TN&Chla 0.11
NH3;N&Chla -0.38 NH3N&Chla -

TN-NH3N&Chla 0.41 TN- NH3;N&Chla 0.14

Solar Radiation Solar Radiation

&Chla &Chla
Sum of significant CCF Sum of significant CCF
value between factors 1.6 value between factors 1
and Chla and Chla
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