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Abstract

The effect of seasonality on water quality variation is very significant. Generally, it reduce the power of the trend extraction. A
parametric time-series model was used for detecting trends in historic constituent concentration data. The effect of seasonality
is able to remove from time series decomposition technique. According to such statistic methode, long-term water quality
trend analysis system (NTrend 1.0) was developed by Nakdong River Water Environmental Research Center. The trend
analysis of BOD variation was conducted with NTrend 1.0 at Goreong and Moolkum site in Nakdong river to show the effect
of water quality management action plan. Power test of trend extraction was tried each case of ‘deseasonalized and
deannulized’ data and ‘deseasonalized’ data. Analysis period was from 1989 to 2006, and it's period was divided again three
times, 1989~1993, 1994~1999 and 2000~2006 according to action plan period. The BOD trend was downward in Goreong site
during three times and it's trend slope was very steep, and upward in Moolkum during 1989~1993, but it was turned downward
during 1994~1999 and 2000~2006. It was revealed that it's very effective to reduce the concentration of BOD by water quality
management action plan in that watershed. The result of power test was shown that it is high for trend extraction power in case

of 'deseasonalized’ data.

keywords :

1. M

ru

ol
B

737201009 FASAY A 2Jshd shAd
a5 SAAAHLS WHHOoR 1482740, AL
5 apxlg 397M, 34 3670, eSS 1270 B T
T 3hEAM Hid T g} sAdolEt ke a

;Y
)
O+

==

]

Aol

3 = =
Hu AiEs e ARE oldste Al#A A W

oft |4 o 30

FAE = e PEe Aotk

FAME QRloE A9AL 2Rl AAHA 2]
o AdAR] addle A T, £(algae)S] T, A
e 5 AR o] st 5 ulg teksly 2 AR v
% 3A dEdal o ey Ao wske dAT Y
o7 ANHA gor Fdo] T DA HEA
)

"To whom correspondence should be addressed.
youjj@korea.kr

Longterm trend analysis, Ntrend, Statistical evaluation, Time series decomposition, Water quality

ARAA BA5Ee Dojmelt FaF a9l
= olg@ AMHY

(e}
HS Fole Ao

Meoofr |0 v rlu

&
N

(o
o
e}
®
B2
v
o2
b
4
i
o
N
)

4
rE o
offl
o
ofy
=2
)
i)
0
o2
o

B2 e A o) R
W e s

O
%+ H&(Smoothing), AIAIE
), AuHsE SRS FE(applied)Al 7=
], FAAE 59 34& AXTHVecchia, 2000).
HEL FAWE, AdNE,
=

g ¥ 5 Aok A
[e)

O 2 | Mo o

I VR i

rl

AN

e

a3

L — =
g

>, of

rr =T

ng 3

=

£

rlo
it

oft

Y

2

o

i

X

2

R

ik

=)

2
B To
—
= o
op
n =
o
N

o
-

= 2471 o]t(Simeonov et al., 2003).
n| o] )&z (United State Giological Survey, USGS)

olM= FUl&EE T 3/ Fol AX ZE=2& RedZol o

3 FHY AT YASo] Redde FrEd TH4

Joumal of Korean Society on Water Quality, Vol. 26, No. 6, 2010



896

KA - Mas

P ED
Al AR
= agd 5

2005). USGS°ﬂ e &
SEE G %01—@.

z]tﬂE _7’-_/({]

Ve Gl
A HEFA B3t
218} 31 eH(Vecchia,
u)Zo] B Dakoda X|99] 1070
vEgEs ol o & ]7}4

1

1
AE EE A o}"it‘r(Vecchia
HF2<42(2004) 9] A=
357 FA9 £4 72}

271 BE7
(Smoothlng Technlque)% THoE AT A
—roHL O]TOV]X] ith e AERE AT LA A
TAEES 2, AAs 3E
1 ATERE

“NTrend 1.0"& 7Y

OFOOEENREE

1102 37IH

23 S AAY o) vehks BAS 28] 93 A
Eeo]d BFE olgst] wATHS B

-

[
=

to
o2
k1

ox

ot 0>
lo

)

L

0.
o ool JZ
=5
o,
@
Sl "
oz Mo ol
1
=
ox
¥
i)
o%
N
fo

ol
o
o

r O
4
i)
£
o
X
23]
32
i
il
o
1%
2
>,
By
fo
-
ol
@
(@)
&8
o,
o

2006\ 37HA] 18\d7te g &}
2] o] Al7]0 89~

2o
o &
o
>
N
rr
-
[{e]
(o]
T
ot O
ol T
pdll

5 ™
_>‘i
Al

o
X
oot ofo
>
o
é‘
[N
=2
>
M
=]
_O\L
rir
e
%

b
rr o

(

_O‘L
offt 8
H
o
ol
o,
o
f
>
[~
L
N
o
o
RS)
i
o,
e
2o Ayl

@
o
o
o
iy
o
é

o
Mo e
A2 &

o

O

o
lo
o

Y HU oo O &
0 o &

A
o
b o B
>
=2

2
%
>

4
!
T
R

N stREEEE|X| ®M263 A65, 2010

23 =MEA 2y
231, AzHet 9 Heudy
E AFeAe Azt 2 WEds sty 9k
F AFol| dis) 821 HES 3k BOD AlE= Huj
%M Hagke] Hlgo] A kol A5WES sHA] Pt

232 7 3 BODY AlAY sl
AAE Agse ARHAQD FAAE =
ME FYo] ofet F&olt}, FAHES
o2 Z715A(upward trend) B 7HAFEAl(downward trend)
5= Yelle WEela, AdWEe Ad e €EE 4t
Ao WEEE WEoth AWES AAMTEYG AV
1 F712 Yehue WEola Bt
Uehts WEolth
AA GRS o]8ste] fFgFe] FE&Ea] o
712 ¢l Be(long-trem mean)d WS, AEHF,
I FEF AR W EHWE

s the 4 ()% 2ok

gel B2 Aast
XA Go] A ANA

o
A
5

S W o

X(t) = My + A(t) + Sx(t) + U(®t) 1)

o714

X(t) : ARE tol QhejAM FrEFe] FeEa
streamflow, m?/sec)

L X()Q] A71A Q1 R, logio(m?/sec)
At) @ AR el lolA XS] ARlE
Sd(t) @ AIZE tell AoIA XS] Ad™-EF
ue) @ AlIZE tell oA XS EFEESE

o], 28 AWE AWM ALUE SO HARNS

, logio(daily

£3le] BODY 9WEH AFWEA 9IS FAHGD
BODAIEE Z2 WOz g2 4 (2)9 2] 4719 A&

oz Fid + Atk

Y(t) = My + Ayt) + Sy(t) + T(t) + W(t) 2

o 7]A,

Y(t) : AZF tol] 2AojA BOD2] A2, logio(concentration,
mg/L)

My @ Y(t)S 7130 BHEL, logo(mg/L)

At) + AIZE el SlelA YD) AW

Sy(t) @ AR tell QoA Y(h) o] AEWE

T() : A%E tel QoIA Yol FAE
WEE A7 o] QoA Yo B wE
otk B ERINE frake] G BODE FAEA

g3sl7] Y&te] BODY W% AMS EEHSFE, F39
A¥WE A(S SHESFE slY FAEHS sl BODY
ATl FAFAGL Ay()S TaH, 2L WHOZ BOD

Lo

ARuEel SAFE S-S T



NTrend 1.001 2|8t S

ok

233 FMHED 4
BODY] Z
EE

HSmoothing)
sto] frige] dde g BOD9
AHF AFE3HCE 2] (2)9] BOD E3ljlA
A-AE A A% v HZsmoothing) =+
AR FAE 7&%0}74] Hot g e Amd) 23
EAAE () S AAst] Az £23E FAE
o= 5418 7oz B Ao A= LOWESSH(LOcally
WEighted Scatterplot Smoothing)S- °©]&3}$ith ©] WHS
THE AsA 7t 3 Cubic RES HFAA vHE
&9 o Egte Fake Wl F1& o) )Rk
o] e NEHA2ATHOR BEWSe 7

@ab o g J7ke Aol ta o B2 715

:\Eﬂl

A2 %%
Al ;é

=
T
L

S
T

_!>"
rulo MIo

>I1J it o

o & ¢

Ay fo
iu)

234, ZHZY
FAEAE ofele} o] B8] TRk = FHE HAIST

N

A7 1:1989-19934, B2 & FHuUld 3 o] A7)
AZ] 11 1994-19994, B1e & FFUF F32 A7)

A7) 1l ; 2000-2006%, Ea] &

2
FAPRL RPAE FAE AFT F AARNL Fa
o 2A717)E ANE T tAFS Fake] AAshelch

24. NTrend 1.0 Z=2 124

GEAESAATRNA A7) FAHE FAELS 3
Edxxdog sfdtet Zza3e NTrend NERC 1.0
(NTrend 1.0)°]H Ful7+= dolg &
A B4 Fol Atk T =2 AME A Zz
2 gkt a9y e 34 digF X}iﬂﬂl BA=Eil
S T 4 o AERp) oS A ZY5Hy

py)

Streamflow (CMS)
1500

Year

(a) Streamflow, time series plot, Koreong

BOD (mag/L)
R

i

(c) BOD, time series plot, Koreong

A AL FAY F UE FHAE EE FALT &

ZEojolt}.

FARA AN oAAdH BavIe 94 ddei
Zywsol Aunss 4T doly E2o|AE BOD,
83}1 A% 2 FEHCOD), FAL(TN), A(TP), 73, 2,
Szeds 5 25709 WEE PEY 5 9lon ox Aol

Auwss ddsd B4% & oY

g-& LOWESS, Kernel Smoothing, Smoothing Spline®
5 KA F e A9 S Stk BAAES sk &
AT ExRse AuRssEe] dAAE  dolE
(Time series plot), AlAIG®E3] 20 AWEdE(annual
component), A543 (Seasonal component)©] =A]E T},
FA2NEZE AME-AEEES AASA ¥ Original
dataoll 2]3+ FA, AFHFTAET AAZ FA|(Deseaso-
nalized data), Al8-AHFHES A AT FAl(Deannualized
+ Deseasonalized data) 5°] =A1®c}t 28la Zzbe] F4
agizel gk BARMEA L7 p-valueZt T=AIEH,

FlFEL o) FALHL T & Aok

m’fsec o]om EZL 612.8
2.8 A Jelgth 22 7|7+ BOD o¢° ANAL A
& Fig. 19] () 2 @) 2tk A4 FFRS 1HAHo|

Streamflow (CMS)

Year

(b) Streamflow, time series plot, Moolkum

L]
L

F
L

3
L

BOD (mg/L)

2
-t

(d) BOD, time series plot, Moolgum

Fig. 1. Time sesies plot of BOD and streamflow in Koreong and Moolkum site (’89 ~’06).
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