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Wave Height Estimation with a Short Return Period
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Abstract : Bisection and grid search methods are proposed as wave height estimation techniques for short return
periods (hereafter RP; reference, one year) using long-term wave monitoring data. The proposed method is com-
pared and evaluated with the estimation results using GP (generalized Pareto) and GEV (generalized extreme
value) distribution functions, which are widely used as extreme value analysis methods. The wave height data
used for the estimation were KMA Ulleungdo Ocean Buoy’s wave height data observed for 12 years from 2012 to
2023. The estimation results show that the annual frequency wave height is 4.55 m, the 90% confidence interval
(£5%) is [4.18, 4.69] (m), and the confidence interval for the RP is [0.58, 1.42] (years). The difference from the
GP and GEV estimation results (4.61 m and 4.53 m, respectively) was statistically ‘no significance difference.’
The method proposed in this study can estimate design variables for RPs without assumptions on candidate
extreme distribution functions or parameter estimation procedures, so it can be used to estimate wave heights for
short RPs of one year or less when observation data of approximately ten years or more are available.

Keywords : short return period, return period quantile, wave height, extreme value analysis, long-term wave
monitoring data
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Fig. 1. Time-series and density plots of the wave-height monitoring
data (2012~2023).
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bers of the method.).
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Table 1. Point and interval estimations of the short return period (RP) and return values (RV)

(a) Ulleungdo

RP RV RV RV (bi-section, and CI of the RP CI of the RV
(years) (GPD) (GEV) grid search method) (5% sig. level) (*5% sig. level)
2 5.19 5.03 5.11/5.01 [0.60, 3.40] [4.26, 5.58]
1 4.61 4.53 455/ 4.61 [0.58, 1.42] [4.18, 4.69]
12 3.96 4.04 3.97/3.98 [0.36, 0.64] [3.71, 4.31]
(b) Dokdo
RP RV RV RV (bi-section, and CI of the RP CI of the RV
(years) (GPD) (GEV) grid search method) (*5% sig. level) (£5% sig. level)
2 5.96 5.84 5.56 / 5.57 [0.65, 3.35] [4.25, 8.13]
1 4.83 4.70 4.67 / 4.65 [0.62, 1.37] [4.14, 5.43]
12 391 3.92 3.98/3.98 [0.36, 0.64] [3.52, 4.14]
* CI = confidence interval, [a, b] = lower and upper limits, respectively.
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Definition of the Return period (RP)

Keywords

References

The RP is defined as the average duration of time during which extreme events exceeding
a certain threshold value would occur once.

average, exceed,
return period,
duration, threshold,

Goda (2010)

In common terminology, z, is the return level (values, RV) associated with the return
period 1/p, since to a reasonable degree of accuracy, the level z, is expected to be
exceeded on average once every 1/p years. More precisely, z, is exceeded by the annual
maximum in any particular year with probability p. G(z,) = 1 — p. G is a member of the
extreme value distribution function family.

average, exceed,
return level,
return period

Coles (2001)

The recurrence time, the time between two consecutive occurrences of the same event,
must follow the probabilistic characteristics of the first occurrence, that is, the geometric
distribution.

mean recurrence time, a.k.a. return period: T = E(7).

mean, recurrence
time, return period

Halder &
Mahadevan
(2000)

Return values are thresholds that, according to the fitted model, will be exceeded on
average once every return period. Return values are simply the upper quantiles of the
fitted extreme value distribution.

return values,
return period,
threshold, exceed

von Storch &
Zwiers (1999)

(Sec. 4.3). ... return period, i.e., the average time interval between successive up-crossings
of the sig. wave height through a chosen level. ... average duration of exceedance per

return period,

. . . . - average, duration, Holthuijsen
event is known (an event, corresponding to a storm, is defined as a series of consecutive a chosen level 2007)
values H,, that are above a chosen level, preceded out and followed by lower values; the exceedance ’
duration of event is also known as ‘persistance’). RPy.,, = N/n years.
The return period is the average period between occurrences of a particular value being return period,
exceeded. When possible, the spectral parameters (HmO, Tp, etc.) should be determined average period,
. . ; ; IEC (2019)
via a contour approach, where a plot of HmO versus Tp for various return periods a particular value,
establishes contour lines (see DNV RP 205). exceed,
. T-year level, Reiss &
. intorduce the T-year level u(T) as the threshold w(T) such that the mean number of
exceedance over u(T) within the time span of length T is equalt to 1 return level, Thomas
P 4 ’ exceedance times (2001)

General definition of return period, R(H, > H,), the return period of a sea storm whose
max. H, exceeds H, (threshold), it can be written as:

R(H, > H,) = Ty/n(H,, Ty)

where, T, is a long time interval and n(H.,
Ty with peaks exceeding H..

Ty) is the number of storms occurring during

return period,
long time interval,
number of storms,
exceed

Laface et al.
(2019)
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Appendix IL R scripts for the short RP and RV estimation

## set working directory
## setwd("C:/Users/CHY/Desktop/HF5_$I A1 T /Desktop_folder arrangement 2024 0802")

library("lubridate")
library("pracma')
library("eva"

idata <- read.csv("DD_wave data 2012 2023.csv") ## Data format: date-time, Hs(m)
ndata <- nrow(idata) ## before removing of the NA data

## Sample data : 2012 - 2023, 12 years data
NYEAR <- 12.0; nleap <- 3
ndays <- 366*nleap + 365*(NYEAR-nleap) ## 3 leap years

HS <- idata$HS; digit <- 0.1
HS <- HS + digit*runif(ndata,-0.5, 0.5) ## rounding jittering
HS[which(HS < 0.0)] <- 0.0

DT <- ymd_hm(idata$DT)
dt <- 1.0 ## Unit: hours
mday <- 24/dt ## No. of data in a day

ncdata <- ndays*(24./dt)
MRO <- ndata*100/ncdata ## Missing ratio before removing the NA data

## Basic and essential input parameters

cday <- 30.0 ## De-correlation time (unit: days; return period sub-scale)
TRP <- 1.0 ## Target return period & tolerance

RP <- TRP

maxiter <- 20 ## max. iteration number of the bisection method

epsilon <- 0.01 ## tolerance level
A
plot(DT,HS)

midx <- which(is.na(HS) == TRUE | HS == 0)
if(length(midx) > 0) {

HS <- HS[-midx]

DT <- DT[-midx]

ndata <- ndata-length(midx)
}

MRI <- ndata*100/ncdata ## Missing ratio after removing the NA data
¢(MRO, MR1)

corrected NYEAR <- MR1*NYEAR/100

## Recording period is corrected using the missing ratio

summary(HS)

## Systematic grid-searching method:

Hseq <- seq(0,max(HS), 0.1)

ncat <- length(Hseq)

fresult <- matrix(0,nrow=ncat, ncol=3)

##

for (ii in 1:ncat) {
ncut <- findpeaks(HS, minpeakheight=Hseq[ii], minpeakdistance = mday*cday)
fresult[ii,1:2] <- c(Hseq[ii], nrow(ncut))
fresult[ii,3] <- corrected NYEAR/nrow(ncut)

}

plot(fresult[,1], fresult[,3], ylim=c(0,NYEAR/3), type="0",
xlab="Hs(m)", ylab="Return Period (years)", cex.lab=1.3)
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Appendix II. Continued

TRP <- 1.0
abline(h=TRP, col="red", Iwd=2)
## Estimation using interpolation...
tidx <- which(fresult[,3] > TRP)[1]
c(fresult[tidx-1, 1], fresult[tidx,1])
inc_value <- (TRP- fresult[tidx-1,3])/
( (fresult[tidx,3]-fresult[tidx-1,3])/(fresult[tidx, 1 ]-fresult[tidx-1,1]))
est_value <- fresult[tidx-1,1] + inc_value

vstr <- as.character(signif(est_value, 3))
lines(c(est_value,est value), c(0, TRP), col="blue", Ity=1, Iwd=3)
text(est_value-0.1, TRP+0.3, vstr, cex=1.2)

abline(h=0)

grid(Ity=3, col="blue")

## Return value estimation fotr the given target return period using bi-section method
## initial guess, VM, using the lower and upper limits

VU <- max(HS); VL <- min(HS)

VM <- (VL+VU)/2

fresult2 <- matrix(0, nrow=maxiter, ncol=4)
fresult2[1,] <- ¢(VL,VM,VU,0)

for (ii in 1:maxiter) {
ncut <- findpeaks(HS, minpeakheight=VM, minpeakdistance = mday*cday)
ERP <- corrected NYEAR/nrow(ncut)
if(abs(ERP-TRP) < epsilon) break
if(abs(VU-VL) < 0.005) break
if(ERP >= TRP) {
fresult2[ii,] <- ¢(VL, VM, VU, ERP)
VU <- VM; VM <- (VM+VL)/2
} else {
fresult2[ii,] <- ¢(VL, VM, VU, ERP)
VL <- VM; VM <- (VM+VU)/2
)
}

fresult2[ii,] <- ¢(VL, VM, VU, ERP)
fresult2 <- fresult2[1:ii,]

plot(fresult[,1], fresult[,3], ylim=c(0,NYEAR/3), type="0",
xlab="Hs(m)", ylab="Return Period (years)", cex.lab=1.3)
abline(h=TRP, col="red", Iwd=2)
abline(v=fresult2[,2], col=1:ii, Iwd=2)
text(fresult2[,2]-0.1, fresult2[,4]+1, as.character(1:ii), cex=0.8)
est_value <- as.character(signif(fresult2[ii,2],3))
text(fresult2[,2]-0.1, fresult2[,4]+1, as.character(1:ii), cex=0.8)
text(fresult2[ii,2]-0.05, fresult2[ii,4]+0.5, est value, col="red", cex=1.2)






