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Persistence Analysis of Observed Metocean Data in the Southwest Coast in Korea
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Abstract : The persistence analysis of marine physical environment factors is a basic analysis that must precede
the use of sea areas as an analysis required in the coastal engineering such as downtime and design. In this study,
the persistence analysis was implemented for wind speed and significant wave height data from four observation
points of Deokjeokdo, Oeyeondo, Geomundo, and Geojedo among the marine meteorological observation buoys
of the Korea Meteorological Administration. The persistence time means the consecutive time of observation data
beyond specific level. The threshold wind speed and significant wave height were set in the range of 1~15 m/s and
the range of 0.25~3.0 m, respectively. Then, the persistence time was extracted. As a result of the analysis, the
persistence time of wind speed and significant wave height decreased rapidly as the reference value increased. The
median persistence times under the maximum reference thresholds were assessed as a maximum of 5 hours for
wind speed and a maximum of 8 hours for significant wave height. When the reference wind speed and signifi-
cant wave height were 15 m/s and 3 m, respectively, the persistence time that could occur with a 1% probability
were 52 and 56 hours. This study can be expanded to all coastal areas in Korea, and it is expected that various
engineering applications by performing a persistence analysis of the metocean data.

Keywords : metocean data, persistence, wind speed, wave height, level crossing method
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Fig. 1. Locations of KMA ocean buoy and bathymetry information.
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Table 1. The number of samples, observation periods, missing rates of 4 KMA ocean buoys (DJD, OYD, GMD, GJD)

issi Used Periods
Station Variable n MISST g
rate (%) Start End
ws 15.20
DID 219,144 1997-01-01 00:00
H, 12.90
ws 6.90
OYD 105,192 2010-01-01 00:00
H, 6.20
2021-12-31 23:00
ws 10.20
GMD 131,496 2007-01-01 00:00
H, 9.54
ws 443
GJD 131,496 2007-01-01 00:00
H, 3.10

Table 2. Basic descriptive statistics on the KMA buoy stations (Min: minimum value, Q1: First Quartile [25%], Q3: Third Quartile [75%],

SD: Standard Deviation, IQR: Inter Quartile Range)

Station Variable Min Q1 Mean Median Q3 Max SD IQR
BID H, (m) 0 02 0.5 0.4 0.7 55 0.44 0.5
ws (m/s) 0 22 44 3.9 6.2 (24.7) 2.89 4.0
H, (m) 0 04 0.9 0.7 12 72 0.74 0.8
0YD
ws (m/s) 0 2.7 5.1 45 7.0 23.8 3.05 43
H, (m) 0 0.6 1.1 0.9 13 12.4 0.63 0.7
GMD
ws (m/s) 0 35 62 5.8 8.5 27.1 3.37 5.0
H, (m) 0 0.6 1.1 0.9 13 115 0.63 0.7
GID
ws (m/s) 0 3.8 6.1 59 82 26.0 3.16 44
5 (ws), o haLH,) 27 o]t ATt AR ARl YA R F5 AselA A
D5 5 T FTEES 7L FololA 43/3.6m oA °F 15.2%°] A5E< BAlh 51} 39 2¥olghd 1k
SEaglon, FEE AR EE vl A A 10% &<t o thA| 7S EEll AS5REe) ARE FAste] HEke =
w] 1% FA 0% 3%%F Sampling ¥ 3712 AEE 1% 114 ofof aft, A EHAIZE A oA 7] AS 7] G H]
O olg Hatste] w1t FHEES 60071 *Pgoh HE] AR A7) AEAIR] Ak 9ol gle BloE st
sk grolth. folvta Ase= 54 AlRE F7] YellA o o] A58 A= FaskA] ottt 1ev A5 Ay
b= BE 3 F 7P 2 39 19 sldshs 3l TR o] ShllEE Y] A5 Ko R <late] v
Hat ol & wahv, Bl AR EE v YA A7 4%) 7FA 07 vl 71 AEAIE AR AREEE A HAIRE] F
o 1% A2 =2 Sampling 31,0247 A 55 A~HEYH & AlgFe]| ks 7] Wl v 24 TAE E9¢ A
25to] k&S ZLo]tHKMA, 2022). Whisker Lengths FE3to] 4] WAl oA A <] FTt.
A58 #5 HAE WMo, AS5E FAISE AR = 7|2 AE HE A, Adlielel] fXg YA L9} odE
247y YA T 219,14470, Q1A% 105,19270, A%E 131,496 © Foukare] Haro) 22 0.5, 0.9 m= LEREAL, Eafiokel
7N, AAE 131,4967H0]CH(Table 1 #%). 2+ )44 5 o 2§ ARES} AAEE 1.1 mE UEPT) 249 Hite
=287} ZA5R= A7)15E 20219 129 319714 2F A4 Aol AR} 247 4.4, 5.1 m/so|H, AFEEL} AAE
O ASEL oF 3A%AAL, o9 al)~152%E AL, 55) 2Y7} 6.2, 6.1 m/s= ‘/}E}‘*E}(Table 2). AF o7 gH

1912 UEFTH(Table 1).
Ao kA A5 ARl st G s S HERH
Acuna and Rodriguez(2004)= 75295 702 A5 1)

d s el viste] Bdef viAs dEE VIR, 1%
Rk A G s, 1~5% W9l hdE FHEST
AR B 7IRe R B 7Fs, 5~15% Hlflel= WiE
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1
QQARO] Folufare}l F& H gk ATt AT
wekom, fejutae} 5 4 B HARE g2 50} 0.4,
0.5% 27} 0.63~0.74, 3.05~3.37%) A%, AwL, AAE
H)3j wgiet. ol AxtR ol 78k (Robust) B ES FAF %3231
IQR(Inter Quartile Range) 34| AT+ /-2J1fare} F50]
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Fig. 2. Time series plot of significant wave height (H,) and wind speed (ws).
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height level = 1.5 m).
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Fig. 4. Time series plot of wind speed at DJD when the maximum
persistence time was occurred (a). level up (red) and down
(blue) cross points are marked colored points. Persistence
time distributions by stations (b).
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WL(x) = min{max(x), Os(x) + 1.5IQR(x)},

WL,(x) = max{min(x), O (x) — 1.5IOR(x)} (1)
9ol AP, WLS WL Az e w sl

Whisker Lengths &v|3lH, Q,, 0;2 A1, A3 A=A
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Fig. 5. The occurrence probability of persistence time by wind speed (ws, m/s) thresholds.
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olof] thgh thRbo = Aol AFsh nuke} 22o] AREA Ak

£ 8 AKARE VA A5 £ ek v=ae

717 (NOAA), F5E7 ] HAIE (ECMWF) GllA] Al5-3}
= AAT A5E D8 7hssh, el sfjdrabtel A
Algehs A= aSAR ATALR(WINKS 883
= QltH(Jeong et al., 2018).

o iz b ek
.

oot

-
Broro X

o g

34 X|EAIZE EM0| &2

A& ZE B8 oFA] Graham(1982)2] Ab#lol|A] o133
uke}l o] gjofFEst Bl At st A3} 71 ol
=& Eok 82 AEE flal = ARE AT FAF L
2, S5k R gwke] 4 vEA] (Barge)d )8 A
AF Qb AR} = %J(KOSHA GUIDE C-2-2020)°]+= B}x] A

A A
ka1 vpRAd €] 317]01] we} 1.5~3.0m
2 grgskar QU mEsh H e AAT §o Anm
Wl gtate] S3t b el A= Ak 2] Aol
6 m/s ©1%F, v 14 m/s, IF31 3 m ©]AF9] &
v FETFE AE A A4S FHES H o
of i A1 e] ZAARE de]] Ego) 7FsE A
T ETHMOF, 2021). fAFsE of| 2 3|k @A A &
zq ]/\1 sjoF AF =9} 7+ FAF S8 9% 4 Q)
172} o) &2 13l A= A B F alel e vt
gl o] Z|&A7E 5438 Eal EAo] Thssh delow

102

y

i
o
ol
b

o2 [0 ¥ ot X
>~r4]“ﬂli—1N
Nog o
r-{nPi
I‘H

ot e



310

EREE R

e

3.0 " 99% 3.0 = 99%
= 90% = 90%
" 75% " 75%
25 . 50% 25 . 50%
25% 25%
vy 0 10% 250 10%
T 1% 2 1%
ke ke
o [<}
®1.5 %1.5 -
e o
= = e
1.0 1.0 e —— e
05 - - ows 05 ............ -
0 50 100 150 200 0 50 100 150 200
Persistence Time (Hour) Persistence Time (Hour)
3.0 " 99% 3.0 " 99%
= 90% = 90%
" 75% " 75%
25 " 50% 25 = 50%
25% 25%
vy 0 10% 950 10%
2 1% 2 1%
b ke
o [<}
%1.5 - %1.5
4 o
£ =
[ Ry - [ e e
1.0 e e - 1.0 -
0.5 0.5
0 50 100 150 200 0 50 100 150 200
Persistence Time (Hour) Persistence Time (Hour)
Fig. 7. The occurrence probability of persistence time by H, thresholds.
Significant Wave Height (m) Wind Speed (m/s)
3
12
[}
T 2
[}
a 8
(4]
S
S
|—
1
4
0 5000 10000 15000 20000 0 5000 10000 15000 20000
n samples
Stations DJD GJD GMD oYD

Fig. 8. The number of samples by thresholds and stations (left: H,, right: ws).



b <l

of supt oheh, @719} SEe] s el

$80] B8] 75 Ao BerAT 7} £-8

£ 9 24 9 91 7)Eol g dust sl Bee
_]

Nuifiez et al.(2019)= A7 o5& o5 ¢dtollA
Z UF Al ARl AEHAIRRS 3YE 7P ste] 4

Jager et al.(2019) o] ARIe} 7o) T} o S A vle] tfsto]
2320 AEA AP S ddshs VT2 B 7153
T} McDowell et al.(2018) 2] & L#] AdH] A X]
gl 9o TZAE. tsle] 2 Tk 7)F

E2 o] gste] AR w3 EAEE AP st
ol Fall 7] AT 22 AE MRke] 7
st el So] 7hseb §A AAex Ego] &

LI

=
7Fetel 20199704 24%7 S7Hglom, s g et @
A 3] 27t S7FskAL = FAIOITHGWEC, 2020). ©]
o]l u}2} Metocean datal] thek B4 =o & Z71E o=
yhek=E ), WINKS} 2= AR AF57F Yaks o e dA)
= ASARNE Q314 Yol w7 ultel] A 2ol
A 37 A5l Ao vE-S Aol a840 A
H7W7} 7Fsd Ao|tt.

AEAZE A 72 AFE FEl FF A8 AT A
o} g ol tigh X &ATF BEE FAT F US Ao
2 ey, o5 7o g 7] 53 ASAE T AR
A A5E FAA A8 Aelnt 24X ¢4, A F
AA B4E Egato] 57 e 4= Stk theEr ¢

S 93 A= 52333k Bruijn et al.(2019)2] AMg oA =

EEYS AR Z9lo] E7Fse Al719) 7hs gt A

A AAEE 7IREe 2 o A
< AlAFel= Binary Markov Chain X.@o]t}, thrl,
of gt 71 2A77F A2 o m 53 dA R ol
=, W5 5 4aTol A U slelel ol 5
o] dejE|ojof & Ao R Fedw, o]F &7 &
3 9

2 8l SEEae) RS F9 5 ke B4 34
7

s K
o
B
i
(o
ox
ol
k=
S

2
2

1

£ o g A
= o N

[o5

rg, fH
3 e

A4l AEAE 5 24 311

4. 42 A HA

B AT 71 sl SRl Aks F eelvet

Adalicre] a7l B5 AR EHAE, A%, AdE, AAE)S]

FEY Foluhal dHES o] gste] XEAIRE EAS FFe
H, F2 Ay o2y 2k

(1) &5 Folatare] #EAR QIAIgke] ol 7]

ShEAQl e P Febl .

3~8A13EE] A& IZEO] FHER(50% w91, Psg) 0% LHERG,

6~56|3F o] AT FEL 1% v|Rtolt)
2~

[e)

= =4 L

] G W LE YR BEL AkHe bolnE
s solel vhat 54 Bajol Fasieh 14 Avke Sl
Lk Ao 2 ARl AR SasgonE B
z QA

A AsAES R S 9 sk A
A 714 AT-(PEA0023)%} 2022 % (el 7 = 1
FA] PO ST A ] A s o} el A
T thNo. RS-2022-00144325). A7+ X Qof] ZAI=HY
o} 7Sl AuE AlwdlTal 71 ZAEH
Bi=3

References

Acuna, E. and Rodriguez, C. (2004). The treatment of missing val-
ues and its effect on classifier accuracy. In Classification, clus-
tering, and data mining applications. Springer, Berlin, Heidelberg,
639-647.

Bruijn, W.E., Rip, J., Hendriks, A.J., van Gelder, P.H. and Jonkman,
S.N. (2019). Probabilistic downtime estimation for sequential
marine operations. Applied Ocean Research, 86, 257-267.

Chakrabarti, S. (2005). Ocean environment. In Handbook of Off-
shore Engineering, Ocean Engineering Series. vol. 1, Elsevier,
79-131.

Cho, H.Y., Jeong, WM., Baek, W.D. and Kim, S.I. (2012). Anal-
ysis of the variation pattern of the wave climate in the Sokcho
coastal zone. Journal of Korean Society of Coastal and Ocean
Engineers, 24(2), 120-127 (in Korean).



312 oI - A -

Cieslikiewicz, W. and Paplinska-Swerpel, B. (2008). A 44-year
hindcast of wind wave fields over the Baltic Sea. Coastal Engi-
neering, 55, 894-905.

Feng, X., Tsimplis, M.N., Quartly, GD. and Yelland, M.J. (2014).
Wave height analysis from 10 years of observations in the Nor-
wegian Sea. Continental Shelf Research, 72, 47-56.

Global Wind Energy Council. (2020). GWEC Global Wind Report
2019. Global Wind Energy Council: Brussels, Belgium.

Graham, C. (1982). The parameterisation and prediction of wave
height and wind speed persistence statistics for oil industry
operational planning purposes. Coastal Engineering, 6(4), 303-
329.

Hyndman, R.J. and Fan, Y. (1996). Sample quantiles in statistical
packages. American Statistician, 50, 361-365.

Ingram, D., Smith, G, Bittencourt-Ferreira, C. and Smith, H.
(2011). EquiMar: Protocols for the Equitable Assessment of
Marine Energy Converters (No. 213380).

Jager, W.S., Nagler, T., Czado, C. and McCall, R.T. (2019). A sta-
tistical simulation method for joint time series of non-stationary
hourly wave parameters. Coastal Engineering, 146, 14-31.

Jeong, C.K., Valsaraj, A. and Velazquez, H. (2015). Global wave
persistence study for offshore operation and planning. In Inter-
national Conference on Offshore Mechanics and Arctic Engi-
neering, American Society of Mechanical Engineers, 56475,
VO001TO1AO013.

Jeong, WM., Oh, S.H., Ryu, K.H., Back, J.D. and Choi, I.H.
(2018). Establishment of Wave Information Network of Korea
(WINK). Journal of Korean Society of Coastal and Ocean Engi-
neers, 30(6), 326-336 (in Korean).

Korea Meteorological Administration (KMA). (2022). MONTHLY
REPORT OF MARINE DATA. (Publication Number 11-
1360000-000817-06).

Kim, J.G, Kang, B. and Yoon, B. (2014). Analysis of intensity-
duration-quantity (IDQ) curve for designing flood retention
basin. Journal of Korea Water Resources Association, 47(1), 83-
93 (in Korean).

Kim, YK., Song, S.K. and Kang, J.E. (2004). Characteristics of
concentration variations and synoptic conditions by the lasting
time of asian dust. Journal of Korean Society for Atmospheric
Environment, 20(4), 465-481 (in Korean).

Kuwashima, S. and Hogben, N. (1986). The estimation of wave
height and wind speed persistence statistics from cumulative
probability distributions. Coastal Engineering, 9(6), 563-590.

Lavidas, G. and Kamranzad, B. (2021). Assessment of wave power
stability and classification with two global datasets. Interna-
tional Journal of Sustainable Energy, 40(6), 514-529.

Lavidas, G,, Venugopal, V. and Friedrich, D. (2017). Wave energy
extraction in scotland through an improved nearshore wave
atlas. International Journal of Marine Energy, 17, 64-83.

McDowell, J., Jeftcoate, P., Bruce, T. and Johanning, L. (2018).
Numerically Modelling the Spatial Distribution of Weather
Windows: Improving the Site Selection Methodology for Float-
ing Tidal Platforms. In Proc 4th Asian Wave Tidal Energy

Conf.. Taipei, Taiwan.

Millar, D.L., Smith, H.C.M. and Reeve, D.E. (2006). Modeling
analysis of the sensitivity of shoreline change to a wave farm.
Ocean Engineering, 34(5-6), 884-901.

Ministry of Oceans and Fisheries (MOF). (2021). Plans to
strengthen port safety management. p. 302.

Nuiiez, P., Garcia, A., Mazarrasa, 1., Juanes, J.A., Abascal, A.J.,
Méndez, F., Castanedo, S. and Medina, R. (2019). A method-
ology to assess the probability of marine litter accumulation in
estuaries. Marine Pollution Bulletin, 144, 309-324.

Panchang, V.G, Jeong, C.K. and Demirbilek, Z. (2013). Analyses
of extreme wave heights in the gulf of mexico for offshore engi-
neering applications. Journal of Offshore Mechanics and Arctic
Engineering, 135, 031104.

Panchang, V.G, Jeong, C.K. and Li, D. (2008). Wave climatology
in coastal maine for aquaculture and other applications. Estuar-
ies and Coasts, 31(2), 289-299.

Pontes, M.T., Aguiar, R. and Oliverira, P.H. (2005). A Nearshore
wave energy atlas for portugal. J. Offshore Mechanics and Arc-
tic Engineering, 127, 249-255.

Saha, S., Moorthi, S., Pan, H.L., Wu, X., Wang, J., Nadiga, S.,
Tripp, P., Kistler, R., Woollen, J., Behringer, D., Liu, H., Stokes,
D., Grumbine, R., Gayno, G, Wang, J., Hou, Y.T., Chuang,
H.Y., Juang, HM.H., Sela, J., Iredell, M., Treadon, R., Kleist,
D., Van Delst, P, Keyser, D., Derber, J., Ek, M., Meng, J., Wei,
H., Yang, R., Lord, S., Van Den Dool, H., Kumar, A., Wang, W.,
Long, C., Chelliah, M., Xue, Y., Huang, B., Schemm, J.K., Ebi-
suzaki, W., Lin, R., Xie, P., Chen, M., Zhou, S., Higgins, W.,
Zou, C.Z., Liu, Q., Chen, Y., Han, Y., Cucurull, L., Reynolds,
R.W., Rutledge, G. and Goldberg, M. (2010). The NCEP climate
forecast system reanalysis. Bulletin of the American Meteoro-
logical Society, 91(8), 1015-1058.

Smith, H. and Maisondieu, C. (2014). Resource Assessment for
Cornwall, Isles of Scilly and PNMI (Tech. Rep. No. April), Task
1.2 of WP3 from the MERIFIC Project, A report prepared as
part of the MERIFIC Project “Marine Energy in Far Peripheral
and Island Communities”.

Sobey, R.J. and Orloff, L.S. (1999). Intensity-duration-frequency
summaries for wave climate. Coastal Engineering, 36(1), 37-58.

World Bank. (2010). Best Practice Guidelines for Mesoscale Wind
Mapping Projects for the World Bank (Tech. Rep.). World Bank.
https://www.esmap.org/sites/esmap.org/files/Mesodocwith WBlogo.
pdf.

World Meteorological Organization. (2017). WMO Guidelines on
the Calculation of Climate Normals (Tech. Rep.). World Mete-
orological Organization. https:/library.wmo.int/doc-num.php?
explnum-id=4166.

Received 18 November, 2022
1™ Revised 12 December, 2022
2™ Revised 15 December, 2022
Accepted 16 December, 2022



Alal]E AE YTV BEAES] AKARE SA 4 313
Appendix Table 1. Persistence by ws thresholds
Prob DID ws Thresholds (m/s) Unit: Hours
rob.
2 3 4 5 6 7 8 9 10 11 12 13 14 15
100% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
90% 3 2 2 2 2 2 2 2 2 1 1 1 1 1 1
80% 5 4 4 4 4 3 3 3 3 2 2 2 1 2 2
70% 8 6 6 6 5 5 4 4 4 3 3 2 2 2 2
60% 12 9 8 8 7 6 6 5 4 4 4 3 3 2 2
50% 18 14 12 11 10 8 8 7 6 5 4 4 3 3 4
40% 28 20 17 15 13 11 10 9 8 7 6 5 4 4 4
30% 46 31 25 21 18 16 14 12 10 8 8 6 5 5 7
20% 66 48 38 32 27 22 19 17 13 11 10 8 7 6 8
10% 96 71 57 47 39 33 28 24 19 17 14 12 10 9 9
1% 181 144 114 92 82 61 55 45 37 36 26 24 18 16 9
Prob OYD ws Thresholds (m/s) Unit: Hours
rob.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
100% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
90% 5 3 2 2 2 2 2 2 2 2 2 2 1 1 1
80% 9 5 4 4 4 4 4 3 3 3 3 2 2 2 2
70% 14 8 7 7 6 6 6 5 5 5 4 3 3 2 3
60% 22 13 10 9 9 8 8 7 7 6 6 4 4 3 3
50% 32 20 16 14 13 12 11 10 9 8 7 6 5 4 4
40% 47 29 24 20 19 18 15 14 12 11 9 7 6 5 5
30% 62 43 34 30 27 24 21 18 16 14 12 9 8 6 6
20% 85 59 47 40 36 32 27 24 21 18 16 13 11 8 9
10% 112 89 70 58 51 44 38 35 29 26 22 18 16 12 16
1% 183 172 151 129 104 88 78 64 56 55 48 44 38 39 35
Prob GMD ws Thresholds (m/s) Unit: Hours
rob.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
100% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
90% 4 3 3 3 2 2 2 2 2 2 1 1 1 1 1
80% 8 6 5 5 4 4 4 4 3 3 2 2 2 2 2
70% 14 11 9 8 7 7 6 6 5 4 3 3 3 2 2
60% 23 17 15 13 12 10 9 8 7 6 5 4 4 3 3
50% 38 27 21 19 16 15 13 11 10 8 6 5 5 4 5
40% 52 41 33 28 24 22 18 16 13 10 8 7 6 5 6
30% 74 59 48 41 35 31 25 21 18 14 11 9 8 7 7
20% 98 82 68 59 50 42 35 30 24 19 16 13 11 10 10
10% 128 114 97 85 76 65 52 42 34 27 23 20 17 14 15
1% 190 187 175 169 150 129 108 89 72 59 54 47 40 32 31
Prob GID ws Thresholds (m/s) Unit: Hours
rob.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
100% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
90% 5 4 3 3 3 2 2 2 2 2 1 1 1 2 1
80% 11 8 7 6 5 4 3 3 3 2 2 2 2 2 2
70% 17 13 11 9 7 6 5 4 4 3 3 3 3 3 3
60% 24 18 15 13 10 8 7 6 5 5 4 4 4 4 4
50% 37 25 20 17 14 11 10 8 7 6 6 5 5 5 5
40% 52 38 28 21 18 15 13 11 9 8 7 7 7 7 6
30% 71 51 41 29 23 20 16 14 12 11 9 9 9 9 8
20% 93 70 55 43 34 27 22 19 16 15 13 13 13 12 11
10% 132 105 82 66 52 45 38 32 26 24 21 21 18 16 18
1% 191 185 163 147 127 112 97 85 74 74 67 52 49 51 52
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Appendix Table 2. Persistence by H, thresholds

Prob DID H, Thresholds (m/s) Unit: Hours
rob.
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
100% 1 1 1 1 1 1 1 1 1 1 1 1
90% 2 2 2 2 2 2 2 1 1 1 1 1
80% 5 4 5 4 4 3 3 2 2 2 2 1
70% 9 6 8 6 6 4 4 3 3 2 2 2
60% 17 10 12 9 8 6 5 4 3 3 3 2
50% 31 16 17 12 10 8 7 5 4 4 3 3
40% 45 24 23 17 14 10 9 7 6 5 4 4
30% 61 34 29 21 17 13 12 9 7 6 6 4
20% 83 45 38 28 22 18 16 12 9 8 7 5
10% 118 64 52 37 29 25 21 16 14 10 7 6
1% 189 136 103 75 56 60 56 35 30 15 12 6
Prob OYD H, Thresholds (m/s) Unit: Hours
rob.
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
100% 1 1 1 1 1 1 1 1 1 1 1 1
90% 2 2 3 2 3 3 3 2 2 2 2 2
80% 4 4 8 6 7 6 6 5 4 3 4 3
70% 9 8 15 11 12 11 11 9 8 6 6 4
60% 21 17 26 17 18 16 14 12 11 10 8 6
50% 44 32 34 25 25 21 18 15 14 12 10 9
40% 64 47 42 32 30 25 22 19 16 15 14 12
30% 84 62 53 40 35 30 26 24 21 19 18 15
20% 110 86 70 51 44 37 33 30 25 24 22 19
10% 149 120 102 75 65 51 48 41 34 32 31 29
1% 196 190 164 131 122 92 90 90 81 61 80 51
Prob GMD H, Thresholds (m/s) Unit: Hours
rob.
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
100% 1 1 1 1 1 1 1 1 1 1
90% 1 2 3 2 2 2 2 2 2 1 2 2
80% 3 4 6 4 4 4 3 3 3 2 2 2
70% 4 7 11 8 7 6 5 4 4 4 4 3
60% 6 15 19 13 10 8 7 6 6 5 5 5
50% 9 28 30 19 15 12 11 9 8 7 8 8
40% 17 47 43 28 21 17 15 13 11 10 12 11
30% 35 66 58 37 29 23 20 17 14 14 16 15
20% 103 92 76 52 39 31 27 23 20 20 20 18
10% 128 132 112 75 58 45 38 31 28 28 29 28
1% 153 191 180 147 113 89 97 74 64 61 56 50
Prob GID H, Thresholds (m/s) Unit: Hours
rob.
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
100% 1 1 1 1 1 1 1 1 1 1 1 1
90% 2 2 3 2 2 2 2 2 2 1 2 1
80% 3 4 6 4 4 3 3 3 3 2 3 2
70% 5 7 11 7 7 6 5 5 5 4 4 4
60% 7 14 19 10 10 8 7 7 7 6 6 6
50% 12 29 29 15 15 12 11 9 10 8 9 8
40% 33 50 41 24 20 17 15 13 13 12 12 10
30% 57 74 58 34 29 22 21 19 19 17 15 13
20% 80 102 78 50 40 31 29 26 23 25 22 19
10% 106 139 111 75 66 54 47 42 38 33 30 27

1% 198 191 177 146 129 102 87 81 69 72 60 56




