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Abstract — Using the KOEM Marine Environmental Monitoring (MEM) Network data, statistical tests are done for
the temporal (season) difference and surface-bottom layers of the sea-water temperature and DO (dissolved oxygen)
concentrations in the East Sea coastal waters (Geojin to Gijang). From 2004 to 2021, based on the data, the average sea
surface temperatures for February, May, August, and November were 10.04, 14.01, 23.23, and 16.38 degrees Celsius,
respectively. In contrast, the average sea bottom temperatures for February, May, August, and November were 9.06,
9.75, 13.66, and 13.99 degrees Celsius. A significant difference between surface and subsurface temperatures was
observed. During the same period, the seq surface dissolved oxygen concentrations exhibited average values of 9.21
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mg/L, 9.35 mg/L, 8.45 mg/L, and 8.06 mg/L for February, May, August, and Novemver, respectively. In comparison,
bottom dissolved oxygen concentrations showed averages of 9.12 mg/L, 8.74 mg/L, 8.07 mg/L, and 7.54 mg/L for the
same respective months. The surface concentration peaked in May, while the bottom concentration peaked in February.
First of all, the independence test and the normality (goodness-of-fit test of the normal distribution) test were applied
to the data set. After that, F-tests, t-tests, or Welch tests were used for the variance and mean difference tests between
two or more samples, such as four-season and two-layer samples. The test results show that the data independence and
normality hypotheses were accepted about 97% and 84% of the complete dataset, respectively. The temporal (season)
difference in seawater temperature shows a significant ratio, with 98% and 73% in the surface and bottom layers, re-
spectively. Regarding the DO parameters, the rejection ratios are relatively low, with 60% and 64% in the surface and
bottom layers, respectively. The surface-bottom difference test shows that the rejection ratio is 70% in water tempera-
ture and a substantially low ratio, 42% in DO, on average. As determined through statistical testing, the variability pat-
terns in sea surface temperature and dissolved oxygen concentration represent the East Sea coastal scale form Geojin
to Gijang over 18 years based on seasonal data.

Keywords: statistical tests(:-7] 717), independence test(*55 717), mean and variance difference test(*d vt
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Table 1. Number of Observation Stations on the East Coast in KOEM
MEM Data Used for the Study

Number of Station

Station (Serial Number)
Geolin 2(No.1-No.2)
Sokcho 4(No.1-No.4)
Yangyang 4(No.1-No.4)
Jumunjin 5(No.1-No.5)
Gangneung 7(No.1-No.7)
Donghae 4(No.1-No.4)
Samcheok 4(No.1-No.4)
Jukbyeon 6(No.1-No.6)
Hupo 2(No.1-No.2)
Chuksan 2(No.1-No.2)
Ganggu 2(No.1-No.2)
Wolpo 2(No.1-No.2)

Yeongilman 12(No.1-No.12)
Gurongpo 2(No.1-No.2)
Gampo 4(No.1-No.4)
Ulsan 5(No.1-No.5)
Onsan 3(No.1-No.3)
Gijang 4(No.1-No.4)

Total 74

* QOut of a total of 91 stations, data from 17 were excluded: 7 from 12 in
the Ulsan coastal area, 6 from 9 in the Onsan coastal area, and 4 estuarine
stations. Data from the remaining 74 stations were utilized.



AU Y W=D ARE ol

385

GEOJIN

=

38.0
1

Stations of Coast

GEOJIN
SOKCHO
YANGYANG

rSL'
:0|1:4“
l-«O

T, G FE AE A4 Bxate] A4 17

375
1

JUMUNJIN
GANGNEUNG
DONGHAE
SAMCHEOK

37.0
i

JUKBYEON
HUPO
CHUKSAN
GANGGU

Latitude(N)

36.5
|

WOLPO
YEONGILMAN
GURYONGPO
GAMPO

POHANG

ULSAN
ONSAN
GIJANG

(NN NEN EEN EEN B N RURERNRERSE N N

355

7

128.5

128.0

129.0

129.5 130.0

Longitude(E)

Fig. 1. Location of East Coast Observation Points in KOEM MEM Data.
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Table 2. Summary table of the seasonal difference test cases

Seasonal Difference Test Note
case Tsp DOy,

1 2<->5 2<->5

2 5<->8 5<->8 n = 36 (18, 18)
3 8<->11 8<->11 at each season/
4 11<->2 11<->2 each station

5 2<->8 2<->8

6 5<->11 5<->11

Z-AF) X AN A X 74 AF O R F 1,1844| Eo|t)
S8 2 Y A 2 G HdeA 2F-AT, Al w
2 A8E o] &3, olu 7} ok 1we] B e B VIR
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Table 3. Summary table of the spatial difference test cases

Spatial (surface-bottom)

Difference Test Note
case S <->B
1 Feb T
2 Feb DO n =36
3 May T (18, 18,)
4 May DO at each season/
5 Aug T each station
6 Aug DO
7 Nov T
8 Nov DO

* example of Note : Gijang No.l Station 7 Feb(2004-2021=18 data) <->
Ts May (2004-2021=18 data), The number of data used for comparing
each station and each case is a total of 36.

* example of Note : Gijang No.l Station 7 Feb(2004-2021=18 data) <->
T Feb(2004-2021=18 data), The number of data used for comparing each
station and each case is a total of 36.
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Table 4. Available difference tests of the two or more samples

R, §ENE SR AR A% FEA] 7% 19

Purpose

Non-parametric test

Parametric test

Ansari-Bradley test (Bauer[1972])

. . Mood test (Mielke[1967]) F-test (Box[1953])
Variance Difference Test Fligner-Killeen test (Conover ef al.[1981]) Bartlett test (Bartlett[1937)
Friedman test (Hollander and Wolfe[1973b])
Mean (or median, location) Wilcoxon test (Bauer[1972]) Student t-test (Student[1908])
Difference Test Kruskal-Wallis test (Hollander and Wolfe[1973a]) Welch test (Welch[1947])
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Table 5. Counts and ratio of the null hypothesis acceptance (independence and normality test, n = 74/season/parameters, total sample numbers/

season = 296, total data set numbers = 296x4 = 1,184)

Test Layer Variable 2 11 Total Ratio
S T 0 0 2 0.68
DO 2 0 1 1 4 135
r ! 1 11 1 2 8.11
Runs test B DO 2 3 3 1 9 3.04
Total 5 16 15 3 39 329
Ratio 1.69 541 5.07 1.01 3.29
s T 5 6 9 3 3 777
DO 12 10 25 20 67 22.64
. T 8 14 1 19 52 17.57
Shapiro test B DO 14 6 15 15 50 16.89
Total 39 36 60 57 192 16.22
Ratio 13.18 12.16 2027 19.26 1622

* T, DO = Seawater temperature and Dissolved Oxygen, respectively; and the subscript, S, B = surface and bottom layers, respectively. The numbers, 2,
5, 8, 11 in the first row of the Table is the monitoring month, corresponding to the typical seasons.
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Table 6. Descriptive statistics on surface and bottom water temperature and dissolved oxygen along the East Sea coast from 2004 to 2021

Variable Layer Month Mean Standard Deviation Median Min Max
2 10.04 2.36 10.43 2.33 15.42

s 5 14.01 1.84 14.21 7.04 20.88

8 23.23 2.85 23.61 13.88 28.74

T 11 16.38 1.87 16.66 11.09 2243
2 9.06 2.71 9.60 1.27 14.04

B 5 9.75 3.82 10.33 1.10 16.57

8 13.66 4.98 13.26 1.34 27.33

11 14.01 3.70 14.68 1.24 33.09

2 9.21 0.75 9.09 6.17 12.80

g 5 9.32 0.79 9.29 6.22 12.62

8 8.45 1.12 8.34 4.60 14.22

DO 11 8.06 0.70 8.02 5.12 10.65
2 9.12 0.74 9.04 6.51 12.16

B 5 8.74 0.90 8.74 5.71 11.50

8 8.07 1.38 8.06 4.05 12.50

11 7.54 0.90 7.68 4.71 10.59

Table 7. Descriptive statistics on surface and bottom water temperature and dissolved oxygen along the East Sea coast from 2004 to 2021 are pre-
sented in the modified table

Variable Layer Month Mean Standard Deviation Median Min Max
2 10.04 2.36 10.43 2.33 15.42

s 5 14.01 1.84 14.21 7.04 20.88

8 23.23 2.85 23.61 13.88 28.74

T 11 16.38 1.87 16.66 11.09 2243
2 9.06 2.71 9.60 1.27 14.04

B 5 9.75 3.82 10.33 1.10 16.57

8 13.66 4.98 13.26 1.34 27.33

11 13.99 3.63 14.68 1.24 21.53

2 9.21 0.75 9.09 6.17 12.80

S 5 9.32 0.79 9.29 6.22 12.62

8 8.45 1.12 8.34 4.60 14.22

DO 11 8.06 0.70 8.02 5.12 10.65
2 9.12 0.74 9.04 6.51 12.16

B 5 8.74 0.90 8.74 5.71 11.50

8 8.07 1.38 8.06 4.05 12.50

—
—

7.54 0.90 7.68 4.71 10.59
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Table 8. Correlation coefficients and confidence intervals between =AM T3 A& BE 15 oA] 8¥o] 71 =9k 11, 8541
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water T and DO concentrations =, A=A 11€0] 8L KT} =glkt)

3L
Correlation (95% - s .
confidence iniervz:l) T Ty T2 9 ¥3} 84k -5 S (saturated DO concentration)

DO 0419 -0.370 £ AAste Ttk Aot b & T 2 W
s (0441 ~ -0397)  (-0.393 ~ -0.346) 7} FEE Ao e SEAL T Ay
0414 -0.406
DOy (-0.436 ~ -0391)  (-0.428 ~ -0.384) 7} el S48 Bol7 W ti(Manasrah et al.[2006]; Kim et
* ex) n(Ty) = 74(Number of station)*4(Season)*18(Year) = 5,328 al.[2020]). o] &1t 7] 2AQl 5 AT & AT I

23 §EAA 0 A S A E TKFig. 3). Pearson g ¥t A
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2= 14.68°C, H 423k 124, ﬂwﬁ2153c03&uﬂ_ﬁ}% 71 sl
WE-S 543 1= Table 70 YERAQITE. 502 52, & 2 A
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15 R-squared = 0.18 . 15 R-squared = 0.17
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c) d)
y =-0.08x + 9.72 y =-0.11x + 9.61
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Fig. 3. Scatter plots between water 7 and DO concentration. The black solid line indicate linear regression results. a) The XY plot of 7 and DOy
b) The XY plot of 7 and DOy, ¢) The XY plot of 73 and DOy, d) The XY plot of T and DO,
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Table 9. Results of tests on differences according to seasons with 74 stations. The numbers corresponding to each test represent the rejection rate
of the null hypothesis

Variable Layer p-value < 0.05 F-Test ratio t-Test (or Welch Test) ratio
Case 1 11 15% 74 100%

Case 2 40 54% 74 100%

s Case 3 35 47% 74 100%

Case 4 8 11% 74 100%

Case 5 43 58% 74 100%

T Case 6 6 8% 65 88%
Case 1 30 41% 43 58%

Case 2 32 43% 65 88%

B Case 3 41 55% 13 18%

Case 4 37 50% 69 93%

Case 5 61 82% 62 84%

Case 6 11 15% 73 99%

Case 1 13 18% 7 9%

Case 2 29 39% 53 72%

s Case 3 41 55% 16 22%
Case 4 21 28% 74 100%

Case 5 30 41% 40 54%
DO Case 6 27 36% 74 100%
Case 1 7 9% 20 27%

Case 2 14 19% 38 51%

B Case 3 24 32% 33 45%
Case 4 17 23% 74 100%

Case 5 44 59% 48 65%

Case 6 6 8% 72 97%

Table 10. Summary of the surface-bottom difference test cases

Variable p-value < 0.05 F-Test ratio t-Test (or Welch Test) ratio
Case 1 8 11% 23 31%

T Case 3 34 46% 73 99%
Case 5 25 34% 72 97%

Case 7 33 45% 40 54%

Case 2 1 1% 1 1%

DO Case 4 7 9% 41 55%
Case 6 12 16% 46 62%

Case 8 20 27% 37 50%

EF-AZT F2(Cases 1, 3,5, 79 #Aakato] AAL AE &= (1%) AL ehd 50-62% 52 Hy 71452 Vel i, 2.9
AUE 1%, 46%, 34%, 45% =2 Ve 11%E 7H w298 714 Ats) nwste] 597 89o] 217} 35%, 45% =ko] 7} )
A9 etar 40% W 91e] H, 7178 Bolon, o5l 8ol & ot 119elli= 4% R AT shAlel e BE Aol

S
AO R 714l 25S Rtk Hhd §3A4 A s (case 2,  H 3 & Zolo| i BHEt, §FANL S5 9] §-2]3F x}o]
4,6,8)2 A5, Hakato]l AW A= 121% AR 25-A% & Holv AR AA9 2% o w & 2ko] A A
Frolm st 2pol7h Gl A7 A1 AEFS A8k Ak &) tha Apol & yERdTh o) AT B0 A &H 07
LEJAAE TS 2804 11E R 455 FAte] S7glen, Frlshes 22 o 3K (Park er al[2019]) 2} F3ll ol E=A 5k 3
0] akate] 14 Azte} 89 o] Mgl 2ho] 7} itk o] gyt Al oz et Falli= shAlell 471] 2(TSW,

S0 Hitatol AA O Hy 71215 290] 7P wekon  NKCW, TMW, ESPW)E F-glo] TR 5= 112, 19, A5 %

5, 892 97-99%9] H, 717—}%3 etk =29 foudt S E ke ginpd el AL AY, s R AL
20|17k §le Aoz O%WFJ 192 46%°] A oﬂ 1 E%—-Xi Holz H3tstRr v A 02 o 35 n]XIth(Yoon er al.[2006];
Z zto| 7} HAELT Q)= Ao w HotE gt #FAIAE 29 Yoon ef al[2007]). THEF E-81815 0] o] F45] Zrtee] 1
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