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Abstract

In this study, the Seasonal and Trend Composition Using Loess (STL) technique, which enables time series analysis, was applied to
indirectly identify the contribution of water quality between nearby water quality measurement points and to interpret the influence
between the main stream and tributary streams in the Miho River basin. This technique can identify and remove outliers in the time series
data of the water system and analyze water quality change trends and seasonal characteristics. In addition, in order to analyze the
correlation and similarity between water quality data at adjacent measurement points, a correlation analysis was conducted, and the
points where common factors affect the water quality of the mainstream and inflow tributaries were classified. As a result of factor
analysis between points judged to have high correlations in Miho River, it was found that the influence of the mainstream was absolute
over tributaries, and it was analyzed that water quality management for the mainstream including the upstream of the Miho River should
be given priority. As the degree of water quality influence between points can be analyzed by the method used in this study, it is judged
that it can be effectively applied to the development of alternatives for water quality management of rivers in the future.
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oltt. B#44-2 BOD 3.5 mg/L, T-P 0.108 mg/LE s/
271+ BBy 5ol eidstH, £5] BOD, SS 2 T-P &

Geumgang Basin

7.5 15 km

Fig. 1. Location of study area

Table 1. Water quality measurement point of Miho River

787
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STL (Seasonal and Trend decomposition using Loess) &
3= 1990 241 Cleveland 5©] 7L SH AIAIE w40l A
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A4 (Seasonality) F XK Residual) 420 2 E5||Sic}.
©47] A LOESS= Locally Estimated Scatterplot Smoothing
of obthiz H)A1R TS 45 18 FAHH 0 2 HEAE
Holslo] REB]& 2AS A7) vlRGA 8717 Ho]
THHyndman and Athanasopoulos, 2018).

AAL HloTE(y(h)= STLE Foll A 82 S(t), 741 4
= T(t), X2 ' R(t) &2 2ol 4= Uth(Fig. 2 and Eq.
(). AP -2 578 AR FHex. &, 7, 4, 271 ol o
2t 47|40 2 HHE &)= 52 T35, LOESS Smoothing
= oot AR Q45 FARITH(Eq. (1a). A 2=
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A AAT T E2 HolH o HEdS TS
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wr 0

o1 0o =2

No. Site No. Site No. Site
1 Mihogang1 12 Bogangcheonl 23 Byeongcheoncheonl
2 Mihogang?2 13 Bogangcheon2 24 Yongducheon
3 Chiljangcheon 14 Seong-amcheon 25 Byeongcheoncheon?2
4 cChiljangcheon 15 Mihogang6 26 Mihogang8
5 Hancheon 16 Musimcheonl 27 Mihogang9
6 Mihogang3 17 Musimcheon2 28 Jocheonl
7 Baekgogcheonl 18 Musimcheon3 29 Jocheon2
8 Baekgogcheon2 19 cMihogang 30 Wolhacheon
9 Mihogang4 20 cSeognamcheon 31 cBong-amcheon
10 Chopyeongcheon 21 Seognamcheon 32 Mihogang10
11 Mihogang5 22 Mihogang7
Table 2. Descriptive statistics of water quality data in the Miho River basin
Classification BOD COD SS T-N T-P TOC
Min 0.2 1.1 0.3 0.4 0.004 0.7
Max 40.5 52.5 628.0 21.6 1.910 19.8
Average 3.5 7.3 17.2 4.9 0.108 4.9
Standard deviation 2.6 32 36.2 34 0.086 0.1
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Fig. 2. Components obtained from STL decomposition (trend, sea-
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Fig. 4. Locations and Box plots of Mihogangr3-4 and Baekgokcheon2 (13 to '22)

Table 3. Major water quality range of Mihogang3-4 and Baekgokcheon2 (13 to "22)

. BOD T-N T-P
Site min max average min max average min max average
Mihogang3 0.7 8.6 3.1 1.215 7.464 3.927 0.066 0.716 0.158
Mihogang4 0.5 8.3 2.7 1.295 7.375 3.696 0.046 0.485 0.134
Baekgokcheon2 0.2 3.1 1.3 0.696 3.845 1.994 0.004 0.291 0.036
Table 4. Correlation analysis results of Mihogang3-4 and Baekgokcheon2
) BOD T-N T-P COD TOC SS
Site Trend |Residual| Trend |Residual| Trend |Residual| Trend |Residual| Trend |Residual| Trend |Residual
Baﬁﬁl‘;kgj;:):z' 049" | 006" | 075" | 004 | 016" | -001" | 0.54™ | 001" | 028" | -005" | 0.14" | 0.18"
Mihogang3- - - - - - - - - -
Mihogang4 0.93 0.83 0.96 0.56 0.88 0.70 0.96 0.82 0.95 0.78 0.85 0.59
Table 5. Factor analysis results of Mihogang3-4 and Baekgokcheon?2
Classification Factorl Factor2
Mihogang3 Mihogang4 Baekgokcheon2 Mihogang3 Mihogang4 Baekgokcheon2
BOD 0.91 0.86 0.23 0.13 0.11
T-N -0.17 0.98 0.99 0.55
T-P 0.71 0.72 0.20 0.15 0.11
COD 0.94 0.94 0.37 -0.10 -0.20
TOC 0.84 0.83 0.38 -0.24
SS 0.49 0.66 -0.10 -0.22 -0.12
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2 BAR|QIT) o) 23 AA] 7 2 Ha}ake o] gstel A
Fofe)lolsf 5t M% Ayt BAjo) A=

A5t 9 CEo

10 Aelofli= 23, dobd B -39
o] I} B5l 5] 579, 5] 57109] A9 0 442
o4 51 574109] 520 okzk ot Wl W)t At
Fo)9lom, CBH 2 BODS} u] 57392] T-P2] 7%t}
£ 213l vl |2p7t 24| LrebdTH(Fig. 6 and Table 9).
5700, 057410, 270, 514 D CRA Ake)
A oFE ] AR gl g o] B AVEE Table 102} Table 11
ol 2tz ANsISc 9174 A7) Al A3, ARl
R} E731 n|2739-u] S 1004 FA41| Ag2-2] Ad8AIS gk
£ 599 9] E gBoA 07 o]4%l Ao e} 2jRa}
AT} 7o) ol & Ak 48 4 9l g nls
739-8] 574109 A} A B ARASE= TS Ao 7 Hol
A Q] e EHES A= ThE AR ot A o 7 S =,
ol A2 the 4 go| ATt A Rs} o] Hize] m 2|
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Fig. 5. Locations and Box plots of Mihogang6-7, cMihogang, Musimcheon3 and Seoknamcheon (13 to '22)

Table 6. Major water quality range of Mihogang6-7, cMihogang, Musimcheon3 and Seoknamcheon (13 to '22)

. BOD T-N T-P
Site min max average min max average min max average
Mihogang6 0.6 9.3 2.7 1.110 6.161 3.323 0.035 0.668 0.130
Mihogang7 0.5 9.7 33 1.405 14.706 4.501 0.034 0.892 0.130
Musimcheon3 0.6 40.5 3.5 0.580 7.033 2.345 0.031 1.006 0.127
cMihogang 0.5 12.4 32 0.966 14.896 2.992 0.110 0.384 0.110
Seoknamcheon 0.5 26.5 4.6 1.519 21.594 11.256 0.013 0.890 0.089
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Table 7. Correlation analysis results of Mihogang6-7, cMihogang, Musimcheon3 and Seoknamcheon

. BOD T-N T-P COD TOC ss
1te

Trend |Residual| Trend |Residual| Trend |[Residual| Trend |Residual| Trend |[Residual| Trend |Residual
Mihogang6 0.70" | 020" | 0.86" | 0.09” | 051" | 006 | 079 | 036 | 091" | 032 | 037" | 046
-cMihogang
cMihogang 085" | 026 | 0747 | 008 | 044™ | 003" | 0817 | 028 | 0.84" | 038 | 037" | 040
-Mihogang7
Mihogang6- 0.79" | 028" | 0.80" | 039" | 0.88" | 0.56” | 0.91" | 073 | 086" | 052 | 092" | 052
Mihogang7
Musimeheon3-| o o5 | 0 050 | 0517 | 0,04 | 0127 | 0157 | 038" | 0.04” | 026" | 0017 | 019 | 020
Mihogang7
Seoknamcheon- | 31w | 0o |0 667 | 0.05™ | 0327 | 009" | 0577 | 021 | 067 | 012 | 0257 | 0517
Mihogang?7

" p-value <0.05, ** p-value <0.01

Table 8. Factor analysis results of Mihogang6-7 and cMihogang

Factorl Factor2
Classification
Mihogang6 Mihogang7 cMihogang Mihogang6 Mihogang7 cMihogang
BOD 0.53 0.76 0.74 0.44
T-N -0.21 -0.23 -0.16
T-P 0.21 0.25 0.82 0.64
COD 0.67 0.64 0.91 0.44 0.41
TOC 0.84 0.78 0.93 -0.19
SS -0.11 0.92 0.91 0.59

* Musimcheon3 and Seoknamcheon were excluded from factor analysis due to their correlation coefficient with Mihogang?7 being less than 0.7
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Fig. 6. Locations and Box plots of Mihogang9:10, Jocheon2, Wolhacheon and cBongamcheon (13 to °22)

Table 9. Major water quality range of Mihogang9-10, Jocheon2, Wolhacheon and cBongamcheon (13 to’22)

BOD T-N T-P
Site
min max average min max average min max average

Mihogang9 0.4 134 4.5 1.854 12.142 5.332 0.034 1.910 0.120
Mihogang10 0.2 114 42 1.869 10.697 4.907 0.017 0.625 0.109
Jocheon2 0.2 11.9 22 1.315 12.359 4.071 0.020 0.362 0.073
Wolhacheon 0.3 3.1 1.0 0.364 5.922 2.486 0.020 0.248 0.072
cBongamcheon 0.8 353 42 1.510 12.862 4.999 0.027 0.781 0.171




N. Yu et al. / Journal of Korea Water Resources Association 57(10) 785-795

793

Table 10. Correlation analysis results of Mihogang9-10, Jocheon2, Wolhacheon and cBongamcheon

- BOD T-N T-P COD TOC SS
Trend |Residual| Trend |Residual| Trend |Residual| Trend |Residual| Trend |Residual| Trend |Residual
1]\\/1/1:}}:2::::?0 0.91° | 064 | 098" | 063 | 0897 | 039 | 096" | 066" | 096" | 071 | 053" | 068
1\;?}10:;:;;1 o | 0677 | 0217 | 045" | 0147 | 0507 | 042" | 0857 | 020 | 089" | 032 | 0517 | 063"
\:A?}ll};agca::’l':) 042" | -0.09" | 046" | 0.00™ | 014" | 0.09™ | 0.51" | -0.05" | 050" | -0.03" | 0.17" | 0.02"
cBongamcheon | o+ | 00" | 062" | 0.04 | 0417 | 007 | 0767 | 0117 | 058" | 002 | 028" | 0.14”
-Mihogang10
* p-value <0.05, ** p-value <0.01
Table 11. Factor analysis results of Mihogang9-10, Jocheon2, Wolhacheon and cBongamcheon
Factorl Factor2
Classification Miho Miho Wolha cBongam Miho Miho Wolha cBongam
-gang9 -gang10 -cheon Jocheon2 -cheon -gang9 -gang10 -cheon Jocheon2 -cheon
BOD 0.87 0.88 0.22 0.54 0.30 -0.18 0.21
T-N -0.38 0.38 -0.99 -0.96 -0.24 -0.41 -0.31
T-P 0.40 0.46 0.22 0.13 0.21 0.51 0.21 0.15
COD 0.94 0.90 0.29 0.55 0.42 0.12 0.58 0.18 0.32
TOC 0.95 0.92 0.25 0.66 0.37 -0.14 0.30 0.19 0.26
SS 0.29 0.29 -0.12 0.22 0.11 0.34 0.34 0.37 0.27 0.18
o] Aol EF FAT AT ET E2 2 0 & motE: o A7t =2 - tolle i A1 9] - dws FAI7E wom
9] 0 &2 COD7}AFY 232 9 Ca =t v a7t109] 4 skl oW, ZAL Aol AT e Aol
TAT7H0.7 oV F o 2 et 2t 2| 7-0] At w7t m| o7 A AR B go] s 2|5 o] o ks UVJE}IL SiA
100] Y= A= Ao ® FAHET Q1EA oAM= SEeITh L @ Q@A oA a8 AZo] w7 et -+,
1] 2739- 10914 7= T =(BOD, COD, TOC)2] 221 T 239 g A=) 35 H aQlof sl dF= e
A A7) 0.8 oo & UEth A gskret 42 35 a3l TRl 2451
oo JFS v Ao m BAHL B3 f7]E H FE n o7 oo S 1 pd A5 d AV T
(BOD, COD, TOC) 2311 25} F g2 = WA T-N2 Sk7] 91siA 3271 21 7He] 9 A= E A A,
f8N20f| oJal] 2] @312 Aj o] EA Uehd 2 0 = Kot 5 257 ZH1 v 5734, v 576-7, B 574910 A7k AF
T AT Z(-) 9] FHAAE 2 IS AAEE 5 Ut AT710.7 oVF o2 Uebtt. s 2132 2 A 75k
(Cho et al., 2017). o] Y == Aol A 2] 7ol o] ol m ot 2R
T8 0] e 5 WETE 37 vk 2 onlRith &
4.2 2 gt aQleA A | 273-49] ¢SS ¢ BE S 3,
12736 7-2 TOC, P12749-10 A2 71 o 2=
SAANZI7EFARY A ol )l 4d A= STL (BOD, COD, TOC)°lIA4] 0.7 o1/d9] =2 A eATE UEril
w2ofiste] FA AR AR RS FESIeH, o E AR o, o o] FF %10 Y= = A o' UETh
O FA| -2 AT L FA, A 2 ol dA et e A RA AHES BF ARSI RO R 21 7He] o A%
2,54 7 5o A9 4 Utk 2 A= FENAARL Jol A Hert o™, o= tiFE-] Y A FH T H| 27}
= I A ] AR B Q@S s e H, & 2550 FFo] Atk A ARt FAH(Song et al,
A= Yy ST o - AL5/3S nhefstal 2R S5t 2021). Rt @& A o] =0 H +EF R o & njFoiu| g
9] FFE S AT AR A of| A FA| Ao A 7834 A S BRI Y, v o6 72 A,
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05719102 A oPd Y AT
S 85 7710] JeFS FE B
(Legesse et al., 2022; Rim, 1999). 35
oA FF 8o R = o Hd
Sttt 4~ A7 Qe A Ty
Sli=g
oA A = et ol B S AlA
EENEE BT
(e}

=
>
Jo
jinss
i
rr
¥ Jo
o N

o
o2 ofn

o %
4> K do L oo

e
|o
Hl
o
o
sk

el
ofl
A
ol
ol
of
o o

o
>
4
X
|o
Hl
&
o
iOlT

30 M
o 1
o

d

=)

(i

1)

mr\.n:m
—
N

g nl

En)
o
o)

T

DO
_);]_(‘

14
o
i
X
<2
)
ol

I
2L
=2
=t
)
)
oo
st
>
0,
O
o
XN >

A oi:. o
T
2
N
31'4
N
o
ol
2
2
o ox
o0
1A
o
T
2,
X
<2
=)
ru
4

o
R i ox

ol
ok
rlo
o
of
1
ofd my
1
=

o o

d
o
E
I
¥ W o > R B oo odr M

T A 9] 58] Pl =8 A 0 2 e
A5 2] GG ES ST 4 9l

jat )
D
k)
ro,
Ei
ok
o

+

Conflicts of Interest

The authors declare no conflict of interest.

References

Alharbawee, N.A., and Mohammed, A.J. (2024). “Water quality
assessment of tigris river using multivariate statistical techni-
ques.” Iraqi Journal of Science, Vol. 65, pp. 1266-1275.

Cho, Y.C., Lee, S.W., Ryu, I.G., and Yu, S.J. (2017). “Assessment
of spatiotemporal water quality variation using multivariate
statistical techniques: A case study of the Imjin River Basin,
Korea.” Journal of Korean Society of Environmental Engineers,
Vol. 39, No. 11, pp. 641-649.

Cleveland, R.B., Cleveland, W.S., McRae, J.E., and Terpenning, I.
(1990). “STL: A seasonal-trend decomposition procedure based
on loess.” Journal of Official Statics, Vol. 6, No. 1, pp. 3-73.

Giri, A., Bharti, V.K., Kalia, S., Kumar, K., Raj, T., and Chaurasia,
O.P. (2019). “Utility of multivariate statistical analysis to
identify factors contributing river water quality in two different

seasons in cold-arid high-altitude region of Leh-Ladakh, India.”
Applied Water Science, Vol. 9, 26.

Gwak, B.R., and Kim, I.K. (2016). “Characterization of water quality
in Changnyeong-Haman weir section using statistical analyses.”
Journal of Korean Society of Environmental Engineers, Vol.
38, No. 2, pp. 71-78.

Hair, J.F., Black, W.C., Babin, B.J., and Anderson, R.E. (2010).
Multivariate data analysis. 7th Edition, Pearson Education
International, NJ, U.S.

Hyndman, R.J., and Athanasopoulos, G. (2018). Forecasting: Princi-
ples and practice, 2nd edition, OTexts, Melbourne, Australia.

Kilic, E., and Yucel, N. (2018). “Determination of spatial and tem-
poral changes in water quality at Asi River using multivariate
statistical techniques.” Turkish Journal of Fisheries and Aquatic
Sciences, Vol. 19, No. 9, pp. 727-737.

Kim, J.I., Choi, J.W., and An, K.G. (2014). “Spatial and temporal
variations of water quality in an urban Miho Stream and some
influences of the tributaries on the water quality.” Journal of
Environmental Science International, Vol. 23, No. 3, pp. 433-
445.

Lafare, A.E., Peach, D.W., and Hughes, A.G. (2016). “Use of seasonal
trend decomposition to understand groundwater behaviour in
the Permo-Triassic Sandstone aquifer, Eden Valley, UK.”
Hydrogeology Journal, Vol. 24, No. 1, pp. 141-158.

Lee, D.H., Kang, E.T., Joo, J.C., Go, H.W., Ahn, C.M., Bae, Y.H.,
and Song, K.D. (2022). “Water quality analysis and Chl-a
prediction of 15 large-scale freshwater lakes in Korea by
multivariate statistical analysis.” Journal of Korean Society of
Environmental Engineers, Vol. 44, No. 12, pp. 589-602.

Lee, G.H. (2021). “Seasonal adjustment of Korean time series using
STL.” Journal of the Korean Olfficial Statistics, Vol. 26, No. 2,
pp. 31-51.

Legesse, N.S., Kim, J.Y., and Seo, D.I. (2022). “Evaluation of
significant pollutant sources affecting water quality of the
Geum River using principal component analysis.” Journal of
Korea Water Resources Association, Vol. 55, No. 8, pp. 577-
588.

Ministry of Environment (ME) (2021). Basic plan for installation
and operation of water environment measurement network.

Oh, S.M., Shin, H.S., Shin, Y.S., and Jeong, H.C. (2017). “Fore-
casting the particulate matter in Seoul using a univariate time
series approach.” Journal of The Korean Data Analysis
Society, Vol. 19, No. 5, pp. 2457-2468.

Park, J.B., Kal, B.S., and Kim, S.M. (2019). “Application of multi-
variate statistical techniques to analyze the pollution charac-
teristics of major tributaries of the Nakdong River,” Journal of
Wetlands Research, Vol. 21, No. 3, pp. 215-223.

Rim, C.S. (1999). “Multivariate analysis of water quality data at 14
sattions in the Geum-River watershed.” Journal of The Korean
Environmental Sciences society, Vol. 8, No. 3, pp. 331-336.

Rojo, J., Rivero, R., Romero-Morte, J., Fernandez-Gonzalez, F., and
Perez-Badia, R. (2017). “Modeling pollen time series using
seasonal-trend decomposition procedure based on LOESS



N. Yu et al. / Journal of Korea Water Resources Association 57(10) 785-795 795

smoothing.” International Journal of Biometeorology, Vol.
61, No. 2, pp. 335-348.

Rotiroti, M., Zanotti, C., Fumagalli, L., Taviani, S., Stefania, G.A.,
Patelli, M.., and Leoni, B. (2019). “Multivariate statistical
analysis supporting the hydrochemical characterization of
groundwater and surface water: A case study in northern
Italy.” Rendiconti Online Della Societa Geologica Italiana,
Vol. 47, pp. 90-96.

Seo, M.J., Cho, C.D., Im, T.H., Kim, S.H., Yoon, H.J., Kim, Y.S.,
and Kim, G.H. (2019). “Statistical analysis of the spatio-
temporal water quality characteristics of the Nakdong River.”
Journal of Environmental Science International, Vol. 28, No.
11, pp. 303-320.

Seo, Y.M., Kwon, K.H., Choi, Y.Y., and Lee, B.J. (2021). “Assess-
ment of water quality characteristics in the middle and upper
watershed of the Geumho River using multivariate statistical
analysis and watershed environmental model.” Journal of

Korean Society on Water Environment, Vol. 37, No. 6, pp. 520-
530.

Song, Y.H, Lee, Y.H.,, Lee, J.G., Park, Y.K., and Kim, K.E. (2021).
Policy analysis and response measures for improving water
quality in Mihocheon, Report 2021-47, Daejeon Sejong
Reserch Institute.

Vieira, J.S., Pires, J.C., Martins, F.G., Vilar, V.J., Boaventura, R.A.,
and Botelho, C.M. (2012). “Surface water quality assessment
of Lis River using multivariate statistical methods.” Water, Air
& Soil Pollution, Vol. 223, pp. 5549-5561.

Water Environment Information System (WEIS) (2024). accessed
13 July 2024, <https://water.nier.go.kr/web/>.

Yoon, H.Y., Kim, J.H., Chae, M.H., Cho, Y.H., and Cheon, S.U.
(2019). “Assessment of water quality in the Miho Stream
using multivariate statistics.” Journal of Environmental Impact
Assessment, Vol. 28, No. 4, pp. 373-386.



