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A Study on Trend Analysis in Sea Level Data Through MK Test and
Quantile Regression Analysis
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Sumiya Uranchimeg*, Yong-Tak Kim*, Hyun-Han Kwon* and Kyu-Nam Hwang*

2 Kyt Ak EAUNE, QITS7PE ASH o vehar glon, olefgt Hellx sl dsow 2l
g AgkAlel] Fokdo] 7keE Zom MgEa k. B Aol vkt Qigke] 2070 A|oe] ZAEE bt
2O % Mann-Kendal(MK) 77, AF 37124 (OR), 91 2|F1E4 (QRA) 55 ol§sto] sl dgh A4S
TR MK 783 guze9le] B 1870 Aol Bdo] SAF R folt Zlow FAEgen, A
A e] Aol 1070 Aol B&do] SAIZ SR £ (p<0.05)3 2O F71 3t QRA WS ©]851o]
] ARde EedE Hrket At 71 S el vl vzl R HEZF 7FssiSith QRAY:
A A At Ee vid 16 mmo] WLlelM Asstar 9o, AHsiFEe] B9 120 mme] WM F
73] ehaL Slas R1E 5 QSIv fEiuete] sieidee] A i A gl ddaate] JE

2 M AR bl Qgich 35 QA olels JBHE JNkow AZdelrE Al oig 1 Ha)
ARz Aate] A 9 A go] e Qo Bekn,
HAIZO| : A AL, MK Test, 19131784, 5 435, 71 T8

Abstract : Population and urban development along the coast is growing in South Korea, and particularly sea level
rise is likely to increase the vulnerability of coastal areas. This study aims to investigate the sea level rise through
Mann-Kendall(MK) test, ordinary linear regression(OR) and quantile regression analysis(QRA) with sea level data
at the 20 tide stations along the coast of Korean Peninsula. First, statistically significant long-term trends were
analysed using a non-parametric MK test and the test indicated statistically significant trends for 18 and 10 stations
at the 5% significance level in the annual mean value of sea level and the annual maximum value of sea level,
respectively. The QRA method showed better performance in terms of characterizing the degree of trend. QRA
showed that an average annual rise in mean sea level is about 1-6 mm/year, and an average rise in maximum sea
level is about 1-20 mm. It was found that upward convergent and upward divergent were a representative change
given the nine-category distributional changes. We expect that in future work we will address nonstationarities with
respect to sea level that were identified above, and develop a nonstationary frequency analysis with climate change
scenarios.
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Slack, 1984). H]E 52 8 710l W) o] g 4]
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Table 1. Summaries of the nine-category distributional changes

Changes of quantile Changes of PDF

Category regression lines Scale Location
I A e Yes @) Yes (LE%)
I Ak B3 No Yes (LE%)
m AT IR A Yes (39)  Yes (LE%)
v o) 2 Yes (=) No
v 9 3 No No
VI ﬁ?‘é %}1\_]_- Yes (jéﬁ) No
VI s 4 Yes () Yes (&%
VIII 313k T3 No Yes ($1&
IX 318 WAk Yes (FH) Yes (9%
R n
b(z) = argmin, _,> py—x/b) (2.13)
i=1
FHEH o= LB S TP 1 the AL Hd -

H23kE A A UEAl (dual problem) 3] YWHEQ1 A3
2 2 78" (linear programming)©. 2 YERE 4 Q1tk(So et
al., 2012).
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Fig. 1. Tide stations used in this study.

Table 2. Locations and data lengths of tide stations used in this study

Location Data Period
Number ?\t]ation Latitude Longitude
ame N) CE) Start End
1 Anheung 36.674 126.132  Jan-87 Dec-13
2 Boryeoung  36.406 126486  Jan-86 Dec-13
3 Busan 35.096 129.035  Jan-62 Dec-13
4 Chujado 33.962 126300  Jan-86  Dec-13
s Dacheuks 31684 125436 Jan70  Decl3
sando
6 Gadukdo 35.024 128.811  Jan-77 Dec-13
7 Geomundo  34.028 127.309  Jan-82  Dec-13
8 Gunsan 35.975 126.563  Jan-80 Dec-13
9 Jeju 33.527 126.543  Jan-64 Dec-13
10 Mokpo 34.780 126376 Jan-80 Dec-13
11 Mukho 37.550 129.116  Jan-65 Dec-13
12 Pohang 36.047 129384  Jan-77 Dec-13
13 Seogwipo  33.240 126.561  Jan-85 Dec-13
14 Sokcho 38.207 128.594  Jan-77 Dec-13
15  Tongyoung  34.828 128.434  Jan-76  Dec-13
16  Ulleungdo  37.491 130914  Jan-78 Dec-13
17 Ulsan 35.502 129.387  Jan-63  Dec-13
18 Wando 34315 126.759  Jan-83 Dec-13
19 Wido 35.618 126.302  Jan-85 Dec-13
20 Yeosu 34.747 127.766  Jan-68 Dec-13

Z9 ARE o] &35t dlRr]EHe] A48 KHOAS 45
N 29 B549 & AIZE 9] AR EFE A 2 A

Z$A1E (annual average and annual maximum sea level
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Table 3. Results of Mann-Kendall nonparametric trend test to
annual average sea level

Station value M-K test Station value
Name statistic  Name p

Anheung 5.00x10° 196  Mukho 3.11x10°  4.66
Boryeoung 3.83x107  5.08  Pohang 4.56x10™  6.92
Busan 1.81x10" 736  Seogwipo 3.60x10°  4.63
Chujado 3.00x10* 362  Sokcho 195x10"  6.71

Daeheuk-
sando

Gadukdo 1.09x10% 572 Ulleungdo 1.48x10>  2.44
Geomundo 2.02x10°  4.75 Ulsan 3.28x10°  2.94
Gunsan 1.11x10° 326  Wando 2.78x10°  2.99

Jeju 0.00 8.78 Wido  837x10"  -0.21
Mokpo  1.54x107 525 Yeosu 2.85x10°  4.18

M-K test
statistic

4.86x10°  1.97 Tongyoung 3.17x10°  5.53

Table 4. Results of Mann-Kendall nonparameric trend test to
annual maximum sea level

Station M-K test Station M-K test
p-value . . p-value

Name statistic Name statistic
Anheung 2.07x10> 231  Mukho 8.03x10" 025
Boryeoung 4.82x10° 198  Pohang 4.01x10°  2.88
Busan 232x10°  3.05  Seogwipo 1.90x10> 234
Chujado 133x10" 150  Sokcho 5.13x10%  1.95

Daeheuk-
sando

Gadukdo 5.92x10" 054  Ulleungdo 5.13x10"  0.65
Geomundo 1.01x10"  1.64 Ulsan 7.01x10°  1.81
Gunsan 2.02x10" 127  Wando 8.60x10° -1.72
Jeju  6.74x107  4.97 Wido  4.09x10°  2.04
Mokpo 2.48x107  5.16 Yeosu 3.39x10°  -2.12

8.76x10" 333  Tongyoung 6.78x10"  0.41
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Fig. 2. Sighificance test of trend of annual maximum sea level and
annual mean sea level.
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Table 5. Regression coefficients from QRA for annual average sea level

Slope b (mm/year)

Station Quantile Regression Ordinary
10 20 30 40 50 60 70 80 90 Ave. Regression
Anheung 323 3.53 1.37 1.28 0.66 0.49 0.30 0.96 1.30 1.46 1.91
Boryeoung 5.77 5.86 5.44 5.70 5.96 5.34 6.58 6.85 9.50 6.34 6.42
Busan 247 2.66 2.65 2.62 2.62 2.81 2.68 2.59 2.14 2.58 2.54
Chujado 2.39 1.32 1.93 2.28 2.08 2.08 1.91 2.37 2.30 2.07 2.11
Daeheuksando 0.57 0.61 0.28 0.39 0.55 0.46 0.41 0.63 0.14 0.45 0.56
Gadukdo 1.67 242 243 221 2.17 222 2.85 2.77 3.05 242 2.57
Geomundo 3.12 3.51 421 437 4.79 436 4.72 436 333 4.09 4.00
Gunsan 2.28 2.07 2.19 2.11 1.61 1.54 1.92 1.71 1.67 1.90 1.84
Jeju 6.36 6.43 5.61 5.74 6.01 5.99 5.92 5.83 5.32 591 6.17
Mokpo 10.96 10.00 9.35 8.99 6.96 6.01 6.02 6.44 5.89 7.85 8.52
Mukho 2.62 2.66 221 1.75 1.68 1.43 1.13 0.66 0.63 1.64 1.14
Pohang 244 3.40 3.75 5.11 5.19 545 5.97 6.31 6.43 4.89 5.73
Seogwipo 342 3.97 3.43 430 4.69 5.03 5.01 423 4.50 429 3.75
Sokcho 247 248 2.59 2.93 2.79 2.70 2.74 2.39 2.71 2.64 2.66
Tongyoung 1.69 1.53 1.92 1.88 2.07 1.93 1.80 1.85 2.00 1.85 1.83
Ulleungdo 4.25 2.32 2.33 1.65 1.48 2.34 1.97 3.87 3.66 2.65 2.58
Ulsan 1.77 0.99 0.58 0.90 1.00 1.03 0.78 0.89 0.38 0.93 1.01
Wando 1.09 0.83 1.19 1.29 1.42 1.75 2.03 1.89 2.46 1.55 1.38
Wido -1.41 -0.99 -0.52 -0.75 -0.14 -0.60 -1.03 -0.90 0.61 -0.64 -0.60
Yeosu 0.94 1.70 1.47 1.72 1.67 1.44 1.37 1.54 1.51 1.48 1.37
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Fig. 3. Significant-trend plots beyween quantile of 0.05 and 0.95 of annual average sea level for 20 selected stations, shere red, blue, and

gray segments respecticely denote significant positive, significant negative, and insignificant trends gicen 5% significance level.
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Table 6. Comparison of statisrical significance test from 3 different methods for annual average sea level

Quantile Regression Ordinary Regression Mann-Kendal Test Distribution

STRo t-Test p-value t-Test p-value H Z-score Category
Anheung 0K 2.45x10° 0K 4.90x10” X 1.96 1
Boryeoung OK 3.06x10™ OK 6.05x10” oK 5.08 3
Busan 0K 0.00 OK 0.00 0K 7.36 1
Chujado 0K 9.34x10° 0K 2.46x10° 0K 3.62 3
Daeheuksando OK 1.64x107 0K 2.39x107 0OK 1.97 3
Gadukdo 0K 537x10™ OK 3.38x10™" 0K 5.72 3
Geomundo 0K 225x10™ 0K 3.56x10” 0K 475 3
Gunsan 0K 2.11x10° 0K 1.10x10™ 0K 3.53 1
Jeju 0K 0.00 OK 0.00 0K 8.78 1
Mokpo 0K 1.75x10™ 0K 420x10™ 0K 5.43 1
Mukho 0K 1.05x10*® 0K 1.88x10° OK 4.66 1
Pohang 0K 2.11x10™" 0K 1.91x10™ 0K 6.92 3
Seogwipo 0K 6.98x10° 0K 1.17x10° 0K 4.63 3
Sokcho 0K 1.11x10™ OK 5.55x10™° OK 6.71 3
Tongyoung 0K 1.16x10™" OK 1.67x10™° 0K 5.53 3
Ulleungdo 0K 2.58x107 0K 1.74x10” 0K 2.44 1
Ulsan 0K 5.35%10™ 0K 6.29x10™ OK 2.94 1
Wando 0K 6.50x10° OK 9.42x10™ 0K 2.99 3
Wido 0K 2.78x107 X 2.94x10™ X -0.92 3
Yeosu 0K 2.47x10° 0K 3.79x10* OK 4.18 1

Table 7. Regression coefficients from QRA for annual maximum sea level

Slope b (mm/year)

Station Quantile Regression Ordinary
10 20 30 40 50 60 70 80 90 Ave. Regression

Anheung 7.00 7.37 7.50 8.75 5.26 6.30 9.57 7.62 1.77 6.79 5.59
Boryeoung 5.56 7.14 8.64 8.57 5.60 7.50 7.14 8.33 -5.00 5.94 7.41
Busan 1.00 1.28 1.54 1.82 2.11 2.73 3.55 3.10 2.35 2.16 2.56
Chujado 0.00 333 3.89 3.33 4.38 1.67 1.25 0.00 2.50 2.26 1.02
Daceheuksando 2.50 3.87 4.00 4.52 429 2.69 3.95 2.69 3.68 3.58 5.20
Gadukdo 1.33 0.83 -0.77 -0.94 -0.56 0.80 0.74 2.69 3.93 0.90 1.38
Geomundo 222 3.46 1.43 1.00 1.67 0.91 2.63 222 3.50 2.12 2.05
Gunsan 3.42 2.17 2.78 3.20 3.15 1.05 4.40 6.25 14.12 4.50 3.52
Jeju 6.00 5.37 4.40 4.07 435 3.78 3.33 4.15 2.09 4.17 422
Mokpo 17.04 1870  17.83 15.83 19.09 19.58 2000 2125  21.88 19.02 19.28
Mukho 2.11 1.94 0.46 0.54 0.00 -1.00 -1.36 0.00 -0.39 0.25 -0.02
Pohang 4.64 5.94 5.83 6.11 6.25 10.00 9.55 8.85 8.00 7.24 6.84
Seogwipo 3.46 3.50 3.68 4.00 5.00 6.00 5.79 8.10 10.00 5.50 4.72
Sokcho 2.00 2.65 2.67 1.33 1.30 2.11 0.00 2.35 2.50 1.88 2.15
Tongyoung -1.20 -0.80 0.39 0.00 0.00 0.71 0.00 0.46 3.81 0.38 3.59
Ulleungdo -0.87 0.00 1.43 0.59 0.83 1.25 2.27 5.19 2.42 1.46 1.34
Ulsan 0.65 1.11 0.23 0.00 0.44 1.36 321 4.86 7.14 2.11 3.00
Wando -1.67 -1.74 -2.73 -2.50 -2.31 -1.88 -2.00 -2.40 -1.60 -2.09 -1.65
Wido 1.74 222 3.33 3.50 2.92 4.29 6.92 542 1833 ff 541 3.71

Yeosu -1.36 -1.48 -1.36 -1.25 -1.25 -2.94 -2.96 -3.00 -3.33 -2.11 -2.14
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Fig. S. Significnat-trend plots between quantile of 0.05 and 0.95 of annual maximum sea lecel for 20 selected stations, where red, blue, and
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Table 8. Comparison of statistical significance test form 3 different methods for annual maximum sea level
STNo Quantile Regression Ordinary Regression Mann-Kendal Test Distribution
t-Test p-value t-Test p-value H Z-score Category
Anheung OK 0.01 X 0.05 OK 231 1
Boryeoung X 0.02 OK 0.02 oK 1.98 1
Busan oK 0.00 OK 0.00 OK 3.05 3
Chujado OK 0.01 X 0.27 X 1.50 4
Daeheuksando 0K 0.02 OK 0.01 OK 333 3
Gadukdo oK 0.00 X 0.15 X 0.54 3
Geomundo oK 0.03 X 0.06 X 1.64 3
Gunsan oK 0.00 X 0.08 X 1.28 3
Jeju oK 0.00 OK 0.00 OK 497 1
Mokpo oK 0.00 OK 0.00 oK 5.16 3
Mukho X 0.07 X 0.49 X 0.25 1
Pohang oK 0.00 OK 0.00 oK 2.88 3
Seogwipo OK 0.00 OK 0.00 OK 2.35 3
Sokcho X 0.08 X 0.09 X 1.95 4
Tongyoung 0K 0.01 X 0.12 X 0.42 3
Ulleungdo oK 0.01 X 0.20 X 0.65 3
Ulsan OK 0.00 OK 0.01 X 1.81 3
Wando oK 0.01 X 0.07 X -1.72 4
Wido OK 0.00 X 0.09 OK 2.05 6
Yeosu oK 0.00 OK 0.01 oK 2,12 4
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