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Normality Test of the Water Quality Monitoring Data in Harbour
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Abstract : Normality test (hereafter NT) is a highly recommended test for statistical estimation because the nor-
mality assumption on the data is the basic and essential. NT was carried using the KOEM water quality monitor-
ing data in harbor which are composed of total 3,000 data sets (50 stations, 30 water quality parameters including
surface and bottom layers, and two seasons, such as summer and winter). The comparative analysis of the normal-
ity are carried out using total 18 methods supported by the R program packages. In addition, the Shapiro-Wilk test
method is selected as the references method in this study for the analysis on the data transformation and outliers’s
effects in detail. The numbers of normality assumption rejection (NAR) are estimated and compared to these
cases, before and after applications of the Box-Cox transformation and Rosner’s outlier test. The NAR numbers
are reduced from 24-28 to 3-4 in the “before and after” BC transformation cases with the no outlier-exclusion con-
dition. On the contrary, the NAR numbers are rapidly diminished from 6-9 to below one in the same case with the
outlier exclusion condition. Thus, the Box-Cox transformation based on the outlier test of the coastal water qual-
ity monitoring data that are not comes form the normal distribution, is highly recommended for the suitable statis-
tical estimation and inferences.

Keywords : normality test, outlier’s test, Box-Cox transformation, harbor WQ monitoring data, statistical estimation

LM E AEZ o g3 BAX . N TR ATHRE 7

A, AR P ol vt FEE A A9

Selue} Aokl alu vl 9 @50 BEow  Wshe, ol Asel AR F4 wE ALE BAH W9
AR HAS A AL R8T Qom, RAL E & fuE 5 ek weh, o AR $AFHS 918 7}
A N FS sl Fag gne] 33 W BT 4 7)RAolI BAel ks BEE A% BAoleka &
of BT Utk B ATE o187 Tl FAAN vk B ATeIME ok Gl £ 37 mUE 3
4 A AP 8 B ATRE YL AAZ FH] RS OPFOR ITRE 1P WS AF] 915l 3
mhel, ATHEE A Ag0) AR BN g S0 L A3 AR FUskc Eak AL el 4
0%, BAHOE QT A KThode Ir, 2002). Te1k §73  HE A%, AiREe] AR AR AP thEA

#Sharsl|flely] e SRl dolg e AAdAT, HErjedd e AdgEt KIOST SCHOOL SIL4(Principal Research Scientist,
Marine Big-data Center, Korea Institute of Ocean Science and Technology, 385 Haeyang-ro, Youngdo-gu, Busan 49111, Korea, Tel: +82-51-664-
3786, hycho@kiost.ac.kr, & Professor, University of Science anf Technology)

53



54 x5

ol #|sl= Box-Cox W3 2] AJ50AS 53519
S O] AFE s FEE AlolE Kol ARE
o= & oAt 7 AR AAE tEsE A5
F o v X= ko] Al (Barnett and Lewis, 1994;
Cho et al., 2016), §1EE gl F&e vF Zo= 3
wste], o] A w7t At B A Aol vA= 9F &
A& skl

b0 S

/\]- > oﬂokﬁl—
= 199 7Lﬂ -AAel &8t 7 ok
+2E TS 5 Qe 38 AECITHMOF, 2021).

Fuk =2 AZL 19973 2570 FHES A1Fe 2, 2004
147H ;(]751’ 2006Lﬂ 1 H x]xu-l(o] ]x—] ] ‘:'}\]—}\]b‘]— HO1 x]x—]
o2 2004 82 AkET} Lo, 2006 2 THA] A5S ]
Alale] A2 A1 20063 292 ), 201193 27H A,
20134 87 x| Ao] Z7kE 90, 2020 7 507H x]
el w235 A5= P8k Avk(Fig. 1 3
A& ARbA o7 Faf|AQka FAke] ghte] Jd%ﬂ(ﬂ %D}.
742k 8] Ao A A28 (s A, 3 EF, ATeIM A4 F

[e]

157 &H5(Secchi Depth 52 Z8 -3} F-23h g

z% i} zﬁi >

_FTN

OHH2:_|
Sans
e o M
H5,H6
5150 @, 7
H8
°° Ho
. oh4e
oln1
Q12
R o Has d
<, i HI3,H14 g H15
o %16
= (o]
® H19-H26, H37gM17
— USAN)
H18
OHz7 "
8 Ha. H3%H32 y o
o 8ot @ Rios
H35, H3
H45
o
g -
H39
HA3 HA4 G H38 o
H41
0 Ha2
T T T T T T T T
125 126 127 128 129 130
Longitude (E)

Fig. 1. Location map of the monitoring stations in harbor (MOF,
2021).
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Table 1. Code summary tables for the station and water quality parameters

Hcode H. Stations Hcode H. Stations Hcode H. Stations
H1 GJ HO1 H18 DB HO1 H35 YSN HO02
H2 SC HO1 H19 BSN H02 H36 YSN HO03
H3 CC HoO1 H20 BSS HO02 H37 BSN HO1
H4 JMJ HO1 H21 GC H02 H38 JJ HO1
H5 MH HO1 H22 BSN HO03 H39 JJ HO2
H6 DH HO1 H23 BSN HO1 H40 SSP HO1
H7 SCK HO1 H24 BSS HO1 H41 SGP HO1
H8 IW HOl H25 GC HoO1 H42 SGP H02
H9 JB HO1 H26 DDP HO1 H43 HL HOI
H10 HP HO1 H27 MS HO1 H44 HL H02
HI1 CS HO1 H28 OP HO1 H45 WD HO1
HI12 GG HO1 H29 JSP HO1 H46 MP HO1
H13 PHO HO1 H30 SD HO1 H47 MP HO0O2
H14 PHN HO1 H31 TYN HO1 H48 DC HO1
H15 GRP HO1 H32 SCP HO1 H49 PT HO1
H16 GP HO1 H33 GY HO1 H50 IC HO1
H17 US HO1 H34 YSN HO1 - -

Descriptions
Qeode Q. Symbol Qeode Q. Symbol (S, B =surface, and bottom layers, respectively)

Q1 WT_S Q2 WT B Water temperatures (°C)

Q3 S S Q4 S B Salinity (PSU)

Qs pH_S Q6 pH B pH ()

Q7 DO_S Q8 DO B Dissolveld Oxygen (mg/L)

Q9 COD_S Q10 COD B Chemical Oxygen Demand (mg/L)

Q11 NH4 B Ammonia-N (ug/L)

Q13 NO2_B Nitirte-N (ng/L)

Q15 NO3 B Nitrate-N (pg/L)

Q17 TIN B Total Inorganic N (ug/L)

Q19 TN B Total Nitrogen (ug/L)

Q21 TIP_ B Total Inorganic P (ug/L)

Q23 TP B Total Phosphorus (pg/L)

Q25 Si04 B Silicate-Si (ug/L)

Q27 SS B Suspended Solids (pg/L)

Q29 CHL B Chlorophyll-a (ug/L)

Fig. 2. Missing Indicator Matrix (Tensor) plots of the KOEM Monitoring Data in Harbor (Horizontal axis = monitoring month, Vertical
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Table 2. Summary of the available normality test methods

B Zsk %]7@ 57

Numbers and names

of the test

Functions
(R packages)

References/remarks.

Shapiro-Wilk

shapiro.test() stats

Royston (1995).

5<n<5,000
Shapiro- sf.test() nortest
2 Francia 5 <n <5000 Royston (1993), Thode Jr. (2002)
Stephens (1986), Thode Jr. (2002)
3 Anderson-Darling ad.test() nortest the. recommended EDF(empirical distribution
n>7 function) test.
... a modificaion of the Cramer-von Mises test.
4 Cramer-von cvm.test() nortest Stephens (1986), Thode Jr. (2002)
Mises n>7 ... an EDF omnibus test.
. " Razali, NM and Wah, YB (2011)
Kolmogorov- ks.test(data, "pnorm"”, . L L
. ... is appropriate in a situation where the parameters
5 Smirnov mean, sd) stats . e .
N of the hypothesized distribution are completely known.
(KS) n>3 .
... known mean and standard devation.
Stephens (1986), Thode Jr. (2002)
lilli.test() nortest ... the most famous EDF omnibus test.
6 Lilliefors test N> 4 ... is known to perform worse compared to the
- Anderson-Darling test.
... a modification of the KS test.
Thode Jr. (2002)
7 Pearson ¥ pearson.test() usual.ly not recommended, due to its inferior power
nortest properties compared to other tests.
... the test for categorical (or binned) data.
8 Jarque-Bera jbnorm.test() Jarque and Bera (1987)
normtest
9 Adjusted ajb.norm.test() Urzua (1996)
Jarque-Bera normtest
10 Frosini frosini.norm.test() Frosini (1987)
normtest
geary.norm.test()
11 Geary D Geary (1935)
2 ER hegazy1.norm.test() Hegazy fmd Green (1.97.5)
hegazy?2.norm.test() Two options (for statistics):
13 Green . .
normtest 1 - absolute deviation, 2 - square of devation
14 Kurtosis kurtosis.norm.test() Shapiro et al. (1968)
normtest
15 Skewness skewness.norm.test() Shapiro et al. (1968)
normtest
16 Spiegelhalter spiegelhalter.norm.test() Spiegelhalter (1977)
normtest
Weisberg- whb.norm.test() . .
17 i normiest Weisberg and Bingham (1975)
Probality Plot ppecTest(data, Filliben J.J. (1975)
18 Correlation qfn="qnorm") Looney and Gulledge (1985),
Coefficient ppce option: plotting position formulae

Basic references:
* R Core Team (2020). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,

Austria. URL https://www.R-project.org/.

* Gross J. and Ligges, U. (2015). nortest: Tests for Normality. R package version 1.0-4. https://CRAN.R-project.org/package=nortest
* QGavrilov, 1. and Pusev, R. (2014). normtest: Tests for Normality. R package version 1.1. https://CRAN.R-project.org/package=norm-

test

* Pohlert, T. (2020). ppcc: Probability Plot Correlation Coefficient Test. R package version 1.2. https://CRAN.R-project.org/package=

ppcc
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(b) after Box-Cox transformation

Fig. 6. Numbers of the normality assumption rejection, before/after Box-Cox transformation (Shapiro-Wilk test method, No outlier-detection

test — removal condition).
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Fig. 7. Numbers of the normality assumption rejection, before/after Box-Cox transformation (Shapiro-Wilk test method, Outlier-detection test —
removal condition; excluding the outliers detected by Rosner Test).
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1. Box-Cox & wj7|H<=

el
£5. Sample R Codes.

F7 2 A% 744 Code (# - comment line)

> ## xx = sample data variable name.

> trnl <- EnvStats::boxcox(xx, lambda=c(-2,2), optimize=T)

> ## F AT o]5= 7R &4 boxcox() MASS 55 wiAsEY] 19k

> trnl$lambda  ## =2 9]

> txx <- (xxtrnl$lambda -

> txx > HEkE HEE o

HE w7
1)/trn1$lambda

1gato] BHEE A A 5ol

2. Rosner AR S o]&-3F o] A E et Code.

> ## xx = sample data variable name.

> tst] <- rosnerTest(xx, k=length(xx))

> nout <- tstl$n.outliers

> oval <- tstl$all.stats$ Value[1:nout]

> oidx <- tst1$all.stats$Obs.Num[1:nout]

> rxx <- xx[-oidx]

## Rosner 7O = Ay oPIRIEE A28t Al

> plot(xx); points(oidx, oval, pch=12, cex=1.8, col="red")



