MBI PREESREIITECH 545%  (2018)
Report of S.I.H.E., 54:229~244 (2018)

EARYS o] §¢
FAAEEAY AR BEUL AT
RANE RS FHoR)

OIZIE - BET - ofdF - 54 - 20lg - 0|57 - MFR - OlEHZ

UFY - UXE - ZFOL- AP - 01SY - H A - PR

Utilization Plan of Automatic
Water Quality Monitoring Networks Data
with Statistical Models
(Focusing on Setting the Monitoring Standard)

Aquatic Ecology Team -
Department of Environmental Engineering, University of Seoul

Jin-hyo Lee, Ho-kyun Yoon, Hyun-ju Ha, Soo-seock Cho,
In-heai Yang, Seung-koo Lee, Chung-wan Chun, Tae-ho Lee,
Jin-young Yang, Ji-hui Kim, Jin-a Kim, Hye-kyung Kil,
Mok-young Lee, Kweon Jung and Ja-yong Koo

Abstract

Automatic water quality monitoring networks(AWQMNSs) are restricted in their use
because measurable items are limited and because their reliability is low owing to the
nature of the data and mechanical defects. Therefore, when the original data is used as
it is, it may contain many errors. In order to improve the quality of the automatic
measurement data, it iS necessary to statistically select outliers and to judge the
effectiveness of these selection methods. Accordingly, in this study, we used local
regression models(LOESS), box-plots, and Z-scores to select outliers in the hourly data
(DO, TN, TP) of Seonyu AWQMNs for five years from 2013 to 2017. From the
results of the three abovementioned methods, the outliers were as follows: 1) LOESS:
DO 640(1.5%), TN 2,863(6.8%), TP 922(2.2%); 2) Box-plot: DO 1(0.0%), TN 1,458
(3.5%), TP 269(0.6%); and 3) Z-score: DO 1(0.0%), TN 1,052(2.5%), TP 163(0.4%).
Regarding the concentrations of each item, DO was 9.9 mg/L, TN was 3.991 mg/L, and
TP was 0.139 mg/L before outlier removal. When outliers were removed, the following
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concentrations were obtained: 1) LOESS: DO = 10.0 mg/L, TN =3.940 mg/L, TP =0.138
mg/L; 2) Box-plot: DO =99 mg/L, TN =3.752 mg/L, TP =0.138 mg/L; and 3) Z-score :
DO =9.9mg/L, TN =3.795 mg/L, TP =0.138 mg/L. As a result of comparing the mean
values after outlier removal by the three methods, there were no differences among DO
results before outlier removal, after box-plot outlier removal, and after Z-score outlier
removal, but there was a statistically significant difference in the results after outlier
removal by local regression analysis. In the case of TP, there were no statistically
significant differences between the results before and after outlier removal according to
the three methods. Conversely, in the case of TN, both the outcomes before and after
outlier removal according to the three methods were statistically significant. These

results show that the effect of outlier selection cannot be ignored.
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attach(x)
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Console D289 8/H 2 HN/S AR 20120 Ao 209 =0
Type “contributors()’ for more infornarion and a
"citation()' on how to cite R or R packages in publications.
Type ‘demo()" for some dencs, ‘help()' for on-line help, or a
*help.start()" for an HTML browser interface to help. =
Type "q()" to quit R.
> % <- read.csv(file. choose(), header=r) # OI&Z| AA B, ZAI2HZ
> attach(x)
The following object is masked from package:base:
T ¥
> str(x) £
‘data.frane’: 41586 obs. of 5 variables: s
5T pint 12345678910... =
$Tm Donum 7.72 7.46 8.34 7.88 8.14 8.14 8.56 B.68 8.84 0.16 ... E
sTVP tmm 7.37.37.37.37.3 ...
$TVMLTN.P.: um 0,422 0162 1,042 0,582 0.842
$ TV.Re. num  0.422 0.162 1.042 0.582 0.842
> sumary(x)
T TP . TN. Re,
min. ¥ 1 min. 5.078  min. 1201 min. : 0.000021
1st Qu. :10397 15t Qu.:6.904  1st Qu.:-1.318L  1st Qu.: 0.690058
Median :20794 Median :7.086 Mediar 3201 Mecian : 1.280941
Mean  :20794 Mean 7.200  Mean 0.0666 Mean @ 1.624410
3rd qu. :31190 3rd qu.:7.861  3rd Qu.: 1.2026  3rc qu.: 2.076167 T T T
Max. 141586 Max. 18.084  Max. 120.8525  Max. 120.852519
> plot(TN.N..TN.P.) 8 oo 200
> abline(h=-2.8774,col="red")
Index

> abline(h=5.4393, col="red")
>|

Fig. 2. The screen of RStudio.
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Table 1. Outlier criteria by items(LOESS)

Outlier DO residual log TN residual TP residual
criteria -5.5127 < > 10.0564  -0.5638 < > 1.0012 -0.0789 < > 0.1372

Table 2. Comparison with statistics about outlier removal(DO, TN, TP).

DO(mg/L) TN(mg/L) TP(mg/L)
Before After Before After Before After
Min 1.9 3.4 1.000 1.800 0.017 0.017
Ist Qu. 7.4 7.5 2.950 3.060 0.088 0.088
Median 9.5 9.6 3.710 3.780 0.133 0.133
3rd Qu. 12.3 12.3 4.670 4.670 0.182 0.181
Max 19.9 19.9 15.840 10.940 0.500 0.338
Mean 9.9 10.0 3.991 3.940 0.139 0.138
SD 3.2 3.2 1.691 1.204 0.066 0.062
IQR 4.9 4.8 1.720 1.610 0.094 0.093

2 Uehtow, o3 AA F, Ame REXEAH  AAs] fste] wAasARF g SA
& a7 8, 10, 129 2t} oA E AANAE  Aolel FAE e, 7 gEd AEE 54
w ARkd o2 DOE 5~15mg/L Abolol, TN & 2% 7,9, 112 Ytk AAY 2= (time
2~6mg/L Atelell, TP+ 0.05~0.25mg/L Ate]l  series plot)ol Wbt Aol o) d=] Aeks 9
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o ZolE B 4 gl st/ #r},
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TN, TP fel2&E pztel ZH2b 0.0002412, 9 Z-score Wrdo] o)t o] Ax|2 MMslo] wa
1.151e-14, 0.306°-2 Wbttt DO, TN 4 3910 ojgt o|abx] AdATS} 11w 546}
T T 5% olstelM oA AA A-FO ag. gEw ox FS ¥ 63 2.
dutgkel st sk 5 IEE AT F Box-plotel] 9@ o]kx WA DO 42.705
ofgk Apol7k vEhdk ot TP A<= 3l 2 2 17)(0.0%), TNS 4213271 % 1.4587)
°l& & T ;. o= DO, TN®| B, dW4  (35%), TPE 41,9207 % 26971(0.6%) 7} o4
Al S ol dAIgke] HAF U AAU = 5z ggdon Z-score A4S, DO= 1)
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S RO Aok BAF Aom Addth TP ((4%)7} o) 2 YEhITH I 13~15).
T ol dA7E BEA Slotdol A BlwA n=A & AR o7 3717 BAH wE o]4x] A|A
zHo] glo] 2 FFol AA Yekhwtal, FHE A .5 NeEATe T T~99 2}
27} 40,0007) ooz wrfate] o] AlA | DO. TN, TP 3820 tja o]44x] 4|4 A3} 3
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- 235 -



DOM.DOP

T T
30000 40000

T
20000
Index

T
0 10000

Time series plot of DO residual

Box plot of DO residual

Fig. 7. Plots of DO residual.

Fig. 8. Statistical characteristics

T T T
20000 30000 40000

Index

T
0 10000

Time series plot of DO

Histogram of DO.M..DO.P.

10 M 0 ; o
DOM.DOP.
Histogram of DO residual
Normal Q-Q Plot
_
E
(0]
4 2 o 2 .
Theoretical Quantiles
Normality check of DO residual
N Histogram of DO.M.
o s o s »
DOM.
Histogram of DO
Normal Q-Q Plot
%
£el

Box plot of DO

- 236 -

2 0 2 4
‘Theoretical Quartiles

Normality check of DO

of DO after outlier detection and omission.




TN_log M. TN_Jog P.
00 05 10

05

-10

T
30000

T
20000
Index

Time series plot of TN_In residual

T
40000

Box plot of TN_In residual
Fig. 9. Plots of TN_In residual.

TNM.

]

o

.
& -
$ -
i -
o

i

T T
20000 30000

Index

T
0 10000

Time series plot of TN

Box plot of TN

Fig. 10. Statistical characteristics of TN after outlier

- 237

Histogram of TN_log.M..TN_log.P.

Frequency
10000 15000 20000 25000
1 | |

5000

0
L

T T
-2 -1 0 1
TN_log.M.TN_log P.

~

Histogram of TN_In residual

Normal Q-Q Plot

Sample Quantiles
00
L

T T T T T
4 2 [ 2 4

Theoretical Quantiles

Normality check of TN_In residual

Histogram of TN.M.

o
8-
&
s
g
g/
g
o
g
s 8]
e e
3
g g
£g]
=3
<
g |
7\ T T T T T 1
o 2 4 6 8 10 12
TNM.
Histogram of TN
Normal Q-Q Plot
s
o
5o
I3
S ol
:
E
5
H
-
N o o
4 2 0 2 4

Normality check of TN

detection and omission.



TPM.TPP.

Fig.

TPM.
005 010 015 020 025 030 035

005 010 015 020 025 030 03§

Fig.

T
30000

T
20000
Index

Time series plot of TP residual

T
40000

e @

Box plot of TP residual

11. Plots of TP residual.

T T
20000 30000

Index

T
0 10000

Time series plot of TP

T
40000

Box plot of TP
12.

Sample Quantiles
005 010 015 020 025 030 035

- 238 -

Histogram of TP.M..TP.P.

od

r T T T T T
0.00 0.05 0.10 0.15 020 025 030
TPM.

Histogram of TP

Normal Q-Q Plot

-
VOIW 0‘0 0‘1 0‘2 0‘3 0‘4 0'5
TPM.TP.P.
Histogram of TP residual
Normal Q-Q Plot
£o]
Theorefical Quantiles
Normality check of TP residual
° Histogram of TP.M.
|

1
035

T T T
0 2
Theoretical Quantiles

Normality check of TP

Ao
&

Statistical characteristics of TP after outlier detection and omission.




Table 3. DO result of independent two-sample Wilcoxon Matt Whitney test

> var.test(DO.M..B., DO.M..A.) # 5 ZEICt S2ikM 20|

F Test To compare Two variances

data: DO.M..B. and DO.M..A.
F = 1.0373, num df = 42704, denom df = 42064, p-value = 0.0001615
alternative hypothesis: true ratio of wariances is not equal to 1
95 percent confidence +interval:
1.017769 1.057276
sample estimates:
ratio of variances
1.037335

> wilcox.test(D0.M..B., DO.M..A., var.equal=FALSE) # var.equal = FALSE(EH0| CHE), TRUE(ESD| &)
wilcoxon rank sum test with continuity correction
data: DO.M..B. and DO.M..A.

W = 885110000, p-value = 0.0002412
alternative hypothesis: true location shift is not egual to 0

Table 4. TN result of independent two-sample Wilcoxon Matt Whitney test

Bt

> var.test(TN.M..B., TN.M..A.) # 5 ZICt S2AmM 29
F test to compare two variances

data: TN.M..B. and TN.M..A.
F = 1.9708, num df = 42131, denom df = 39268, p-value < 2.2e-16
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
1.932841 2.009481
sample estimates:
ratio of variances
1.970795

> wilcox.test(TN.M..B., TN.M..A., var.equal=FALSE) # var.equal = FALSE(=H0| CHE), TRUE(EHD| )
wWilcoxon rank sum test with continuity correction
data: TN.M..B. and TMN.M..A.

W = 801370000, p-value = 1.15le-14
alternative hypothesis: true Tlocation shift is not equal to 0O

Table 5. TP result of independent two-sample Wilcoxon Matt Whitney test

> var.test(TP.M..B., TP.M..A.) # S ZIT S=2AkM =]

Ex

F test To compare two variances

data: TP.M..B. and TP.M..A.
F = 1.1034, num df = 41919, denom df = 40997, p-value < 2.Ze-16
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
1.082347 1.124838
sample estimates:
ratio of variances
1.103389

> wilcox.test(TP.M..B., TP.M..A., var.equal=FALSE) # var.equal = FALSE(ZH0| CHE), TRUE(EHMO| 22)
wilcoxon rank sum test with continuity correction
data: TP.M..B. and TP.M..A.

W = 862850000, p-value = 0.306
alternative hypothesis: true location shift is not egual to 0
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Table 6. Outlier criteria by items(Box-plot, Z-score)
Outlier DO measures TN measures TP measures Z~score

criteria 0.0500 < > 19.6500  -0.3700 < > 7.2500  -0.0530 < > 0.3230

Table 7. Comparison with statistics about outlier removal according to 3 methods(DO)

DO(mg/L)
Before LOESS Box-plot Z-score

Min 1.9 3.4 1.9 1.9
Ist Qu. 7.4 7.5 7.4 7.4
Median 9.5 9.6 9.5 9.5
3rd Qu. 12.3 12.3 12.3 12.3
Max 19.9 19.9 19.4 19.4
Mean 9.9 10.0 9.9 9.9
SD 3.2 3.2 3.2 3.2
IQR 4.9 4.8 4.9 4.9
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Table 8. Comparison with statistics about outlier removal according to 3 methods(TN)

Before LOESS Box-plot Z-score

Min 1.000 1.800 1.000 1.000
Ist Qu. 2.950 3.060 2.910 2.920
Median 3.710 3.780 3.670 3.690
3rd Qu. 4.670 4.670 4.560 4.590
Max 15.840 10.940 7.250 9.060
Mean 3.991 3.940 3.752 3.795
SD 1.691 1.204 1.084 1.161
IQR 1.720 1.610 1.650 1.670

Table 9. Comparison with statistics about outlier removal according to 3 methods(TP)

Before LOESS Box-plot Z-score

Min 0.017 0.017 0.017 0.017
Ist Qu. 0.088 0.088 0.088 0.088
Median 0.133 0.133 0.132 0.132
3rd Qu. 0.182 0.181 0.181 0.181
Max 0.500 0.338 0.323 0.336
Mean 0.139 0.138 0.138 0.138
SD 0.066 0.062 0.063 0.064
IQR 0.094 0.093 0.093 0.093

Table 10. Kruskal-Wallis results according to before and after removal of outlier(DO)

> kruskal.test (DO ~ GROUP, data

# HlZ2e ZHEH

kruskal-wallis rank sum test

data: DO by GROUP
kruskal-wallis chi-squared = 20.186, df = 3, p-value = 0.00015532

> pairwise.wilcox.test (D0, GROUP, p.adj="bonferroni’, exact=F) #:2F 1Y
Pairwise comparisons using wilcoxon rank sum test

data: DO and GROUP

2 2

1.0000 -

8

0.

3
0000 1.0000 -
0.

0014 0.0014 0014

P value adjustment method: bonferroni

Hedlm (RH|RFE =)
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Table 11. Kruskal-Wallis results according to before and after removal of outlier(TN)

> kruskal.test(TN ~ GROUP, data = x) # H|Zy EMNEM
kruskal-wallis rank sum test

data: TN by GROUF
kruskal-wallis chi-squared = 324.31, df = 3, p-value < 2.2e-16

> pairwise.wilcox.test(TN, GROUP, p.adj='bonferroni', exact=F) # 2 O8Y TAHln (ROIRFE 2D
Pairwise comparisons using wilcoxon rank sum test

data: TN and GROUP

1: 2
2 < 2e-16 - B
3 2.7e-09 0.086 -
4 6.9e-14 < 2e-16 < 2e-16

P value adjustment method: bonferroni

Table 12. Kruskal-Wallis results according to before and after removal of outlier(TP)

> kruskal.test(TP ~ GROUP, data = x) # HEZe THEM
Kruskal-wallis rank sum test

data: TP by GROUP
Kruskal-wallis chi-squared = 2.6663, df = 3, p-value = 0.446

> pairwise.wilcox.test(TP, GROUP, p.adj="bonferroni', exact=F) # 2 JEE TORdln (RAHIFE =2
Pairwise comparisons using Wilcoxon rank sum test

data: TP and GROUP

2 3

1.00 -

1.00 1.00

=SS
ol =N ]
oo
o oW

P value adjustment method: bonferroni
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Fig. 13. Box plot(left) and Z-score plot(right) of DO.
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