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MET O 3 TECHNICAL NOTE 17

WIND SPEEDS AND WAVE HEIGHTS ESTIMATED BY THE VOLUﬁTARY OBSERVING FLEET
COMPARED WITH INSTRUMENTAL MEAéUREMENTS AT FIXED PCSITIONS
Anne E Graham

SUMMARY

The work described was done as part of.a joint Meteorological Office/
National Maritime Institute project. The Naéional Maritime Institute were
producing a model to synthesize wave climate by combirning visual estimates
of winds and waves with wind speed/wave height relationships derived from

1

measured data. | _ -

The Meteorological Offiées' commitment Qasi i) to provide wind speed
a;d wave height data, and, ii) to establish that visual wind speeds and wave
heights can be used with a degree 'of confidence.

The two following papers deseribe the work done for part (ii) aﬁove.
Thé first describes the comparisoﬁ between measured and estimated Qind speéds
and concludes éhat visual}estimates can be used with confidence where no
reliable measured wind data are available. The second describes the cdmparison
of estimated w#ve hé&ghts with 1nstrumental measurements. Fbr.thiskthé ‘ |
conclusion was that v1sually estlmated wave hemghts are less reliahle than

vzsual w1nds. though they are still useful.'
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.WIRDS B IMATED BY THE VOLURTARY OBSVRVILG FLEXT COMPARED Wit
ILSTRUMENTAL MEASUREELTS AT FIXED PCSITIOLS.
inne E Grahom

(Feteorclogical Uffice, Xrazcinell)

1 Introduction

Observaticns of wind condi*ions over the ocean end sess come from twe mein
sources, fixed position observing stations and merchant shirpping.

Observers located at fixed position observing s t:tlora, for cxarmple, Ccean
reather Stations (OWC) end light-vessels (LV), mobe wind messurements using

ensrometers, whilst the ceck officsrs of merchaznt ships, which form the

o

Voluntary Cbserving Fleet (VG¥), estimate the windspeed from the ssa state

.
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regular intervzls during z voysge. Consequently, the fixed stations produc
set of regular observaiions for each position whereas the merchant shirs provide
»! ' "
a set of observations which.;re rendorly éistributed, along trade routes, in
spzce and time.
Since there ere fevw fixed measuring stetions, end these are widely

distributed, ary analvses of winds over the ocesns must dopnnd largely upor

cbservations from trhe VOF.
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heasured obse vations have usu:lly been cons 1dere¢ more accurato taan “ne
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The eversging time or representetive time for these observations is not

.

reelly Imown but in this study it has been talen as equivalent to an hour ovwing
to the relztively slow resporse,of the sen %o changes in wind sypeed. These
stimated winés mey be taken es hourly mean velues cof wind speed vwhich are
observed every six hours by the rejority of VOF shipe.

The ézta used were derived from ships' logbooks znd should be complete.

\

his was necessary tzcause many shipe do not jransmit radio messages &t night .

=3

-

nd so data from telzcormunication sources cre usuzlly incomplete.
B Instrumentel dete sources

A set of 14 stetions was used, comprising four cws; foﬁr LV, three stzticns
ranned by ships sponsored bty the United Kirgdom Offshore Cperafors Aissociation
(UKOOR), cné iglond station, one oil rig @and one dztz buoy. Locaticns ere as
shown in Figure 1.

K11 these stations were equivped with ancrmometers, but observing practice
varied from site to site. The methods used are presented in more deteil below
end a list of thess stations with dztes and total number of observetions is given
in Table I, together with the corresponding dates and number of ébservations for
VCF date.

(2) leasured wind observations fr om oceen weather shins

Ocesn Wemther Vu1ro cerry at least one anemometer 1n & well exposed

- vosition. Bmitis wealnrer ships curry tuo gnamometers on a yarﬁ—arm one on—eachiy

’”52_s1ae cf the mast, at a helght of 20 n ,bovg seg 1evelpu'5h 'ig;s;onftha~bn

rfglsterlrg instantannous w1nﬂ speeds




estimates ere made regularly of wind force end direction from the crpecrence of

the sea as a check on the instrurents". Informel discussion with thes wezther
ship cbservers suggsats that the visusl element may make a large contributicn to
the observhu-cr in some coeses. Censequently, how many of the observations are
averages over 10-15 seconcs and how many are instrument assisted estimutes with

longer effective averuging time is uninown.

ihere are elso uncertizinties regarding the siting of the anemometers on

=

ships of difflerent nztionzlities and in the nop-linear resronse of uneroreters
in wind sreeds of less than iC knots; in practice, leteorological Cffice
enemometers raquire & gust of approximatsly 2-4 kmots to cvercomé instrumens
inertia before thsy begin to register wind speeds. The wind speeds sre‘not
corrected for the ship's pitch and roll, end it'is not krown vhether or not the
ship wes steaming when th2 observetion was made: this-cen meke a considersble
difference to the pitch and rell of “he ship, which in turn affects the wind
speed recorded by the sncmometer becsuse the ship's motion is emplified by the
height of the instrument zbove sea level.
(b) Meusured wird speeds from light vessels

Observers on LV zre not professibnal meteorclogists but are instructed on

how to use hend-held znemometers to make th° observation from &, well—exposed

part of the ship, &nd to take @n average'reading;-by eye,,of‘thevwind_speed over‘lu

VA.—mlnute perlod




(¢) HMeasgureé wind speeds from UKCCA sponsored shins

The datz for the three UKOCA stations were taken from the meteorclogicsl
logbooks. Tror Stevencon there is zlso 2 ézta set of cuzlity contrclled hourly

rmezn wind speecs.

The duta from thes reteorclogiczl logbools consists of messured velues, but

N -

the source of mecsurerment and averaging time iz uncertain. It is

"
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likely thet
nost of the data are from readinge of smnememster dials, es on the (IS, but since
chart recorders vere cveilable some reedings mzy have been teken from these
Unfortunately, the dats ;ets cover short reriods, eboui three yesrs euch,
and have rmuny gops when no observetions were mede.
(d) Other stations ,
South Uist
The date for this position were tzken from Lerbecule, a land siation
equipped with zn anemograph to record wind speeds. The data were yrovided ty a
maruzl anelysis of the average wird speed over a 1C-minute observing period in

each hour. These data were included becauss wave data from a2 buoy moored off

South Uist were to e used in the National Faritime Institut es wave cl*na
- synthesis project. Solt LT

LB

DB-1 is & data buog rncorulng m-teo"ologlcal and wwve data autama 1czv
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'data‘Set to be considered representative of clima ologlcal Qond
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"he zncmometer on this rig is mounted on top of the drilling derric

height of 108 m zbove sen level in the best position available. The
observations were maofe covery three hours, readings being taken Ifrom a digitsl

displey and entered in tre mzteorological logbcok_frcm which the data szt used
here was compiled. Chese vinds, therefore, rust be consideréd 'spot winds' or
3-s2cond gus
4. Relisbility of messured deta for climetoleogical purposes

Religbility of daie is = difficult quslity to quentify because the

proverties that define it very with the purpose for which the data are reguirzc.

For example, data sources whnich are considered useful for synoptic purposes may
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not be accerta ‘or climatclogicel irnvestigations.

It is particularly imvortant in climetology to be awere of the limitations
of the data. Trus, it is necessary to be awafe nof only cf the eccuracy of ezch
individual measurement, btut zlso of the long ferm consistency of the method of
meesurement so thif there zre no discontinuities in the data which could affect
any result derived from them. Such discontinuities can be dus to changes in
irstrument type end method oI observation, or chenges in coding practice.

The rrime requirerent for climaetologiczl cata is that it shduld cover as

‘long a period as possitle; thre ycars of data is rot reul y l@ng enouah fbr a

ions, but,

°f+e“» the quallty o= the ate themselvos c&n be‘tak}n' Y o'accaunt +0 incress




sets cover & period of 17 years.

The IV date sets cover & period of 18 years btut, as mentioned ahove, the
climatologiczl reliability of esch individusl mezsurement is in question. The
LV provide V"”y useful observations on the synoptic sczle since they can be
considered in the light of the current situntion. However, the accurmulation of
the doubtful measuremerts produces date sets of questionzble climetological
reliability. :

v is unfortunate that there are only 1€ months of data aveileble from LB
'« In time these data should prove to be vseful for climz*ologiczl purroses,
elthough the reccrd will still be short. The method of measurement is known
exactly and the only verizble is the celitration of the instrument which cen be
checked cnd the data aéjusted accordingly.
5. Analysis of data

The descriptions of observing methods and other factors given above
indicate quite clearly the difficulties involved in comparing measured =znd
estimated values of wind speed. It has to be assumed thet deck officers on

~ships of the VOF estimate winds in a similar fashion and this is supported by

the 81m11ar1ty in the distributions produced for each site (Fig 2). However,

the meesured distributions are 21l very different in shepe. This is not only

because of the different geogréphical locations but élsoithe differenéés iﬁ'
enometer height, the method of determining wi vd speed and the dlfferent

ﬂWtavaraglng times used._ Ide.l]y, correot1ons would be'annlled to pfoduae a




_results are shown in Fig 3 fbr OWS B and S and we x:Stnua?'and Ve n‘§$

compare these with the corresponding estimzted distributicns. The date were

required to cover e leng period with few geps, and with 2 known method of
observation which was thought to be used consistently to muke corrections
possitle.

Withinithese contraints the OWS were cornsilered "relizble" slthough with

some reservations ccncerning the short period for OWS 'L'. The hourly data set

fireliable" since thne dsts had

from the Stevenson stztion was also considered
been studied and quzlity controlled.
(2) Simultaneous dzte ond czlibretion of estimates

For each site the instrumental wird speeds were compored with VOF estimated
wind speeds mede st the same time. These estimates were token from the 2%
2°'square' sres around the instrument=l sourca. Comparisons vere not mazde when
the wind directions differed by more than 45° unless one of the winds was 2
celn.

Unfortunately, this process reduced the number of observations from tsé
data sets and only four stations were considerad to have enough dzte for
comparison purposes.

For initiel comperison the meesured wind speeds were grouped accordlno to

the scientific Bezufort scele and the means and stnndard dev1au10ns of uhose

estimated winds corresponding to the measured groups”were calculated. ,The




(10-15 seconds), is likely to czuse the obszerver to bias the estimztion of the
averzge wind speed towards the hlpbpr spaeds registered bty gusts. In such smail

ples of deta prcéuced here hy the selection of sirultansous dete this bias is
likely to cdorminets the results. Cver a long prericd of time snd with & large
number of observstions, the mean wind speed should be indepsndéent of the
sveraging time (except where this is very shori) elthough the scatter cheut the
meen will be greater for the short averaging times.

The calibration of the estimeted wind speeds from the comparison described

e

zbove simply produces @ single correction for ezch Bezufort force. The
scientific Beaufort scale was develorad to produce such a correction and
elthough some doubt hes been exvressed about 1‘" accuracy it is still gensrelly
held to be good (Kaufeld, 1931).

An al{ernative methoé could be to correct each estimated speed
individually. This would produce calibrated wind speeds equivzlent to these of
a different averzging time end the calibration would vary according to ths type
of instrumental.data used. Such an atiempt at calibration was mede for CVS 'I!
and 'J' from meesured wind speeds and the corresponding estimates.

For esch value of wind speed V(V=1,2,2.....knots) 2 calibrated speed ves

derived by teking the mean of =1l measured winds correspondlnq ,sstimgiﬁéiqf‘,.,_yn

,V.. The resulsing wind speed édistributions vera rathcr clstorted. «It is 1i e
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arec nd Thls sarmple should be compzred with the best estimate of the whole

distributiors zre the best estimztes availeble vhole
ropul the datz set covers orly & relatively short . For
Those 5 vhere the meosured data cover r:ricd es
RUSG Gova sets, end the data is considered climetologically reliable,
corperisons should rr it must be remerbered, however,
2 distributions are still only samples of the whcle romlztion
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coservation ccunt. The effect of setting such & count was that esch observation
ior « month with M cbservations (where K > 3C) was reduced by a factor of 3C/N.

Lonths with M < %0 were not adjusied, a1l observations being used without the

~his nermalization, or weighting, of “he date should reduce the effect of
the'largcr nurber of' observations availsble in the swmer months without
aitering the distribution of wind speeds observed during those months.

Although this wesighting action did vrroduce some differences in the
districutions it was very slight in 211 cases and could not be said to be
significant.

(c) Extreme-valuie snelysis




The estiration of extreme vezlues is impcrtanf for design and plenni ing
purposes. It i, therefore, of interest, to compare the extremes derived Irom
both the mezsured and eétir:ted'wind sr=eds.

IExtreme velues zre estimated oy fitting a distribution of the avziloble
data end extrapolating the tazil of the distribution to the value having a
cuwnulative probzbility of exceedance ccerresponding o tre return reriod
required. This élv es the value expected to be exceeded, on average, once in X
years where lI is the return veriod.

There are many distributions thzt can be uszd ‘o estimate extreme valuee.

Several require the identification of amnnuzl maxima. This means thet & long

period (several yezrs) of regularly cbserved data is necessary. Since the VCF
datz zre raﬁdomly distributed in spzce and time such methods cannot te used
becazuse the maxima cannot be identified. The method used here to pradict
extremes from both messured and estimzted dzte is to fit 2 J-parameter Weibull

distribution to the data.

The form of the distribution function (Weitull 1951) is
- \/\A <
- e =exp (- (Y4)"]

where 1 - P(V) is the probability of exceedance and A, B end Vo are the three

parémeteré’to be determined. This exprassion can be rearranged to give s
straight 1ine of the form : 2 e ; ;' e

\m
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bility of exceedence was 1/n and could be usz2d

wes n. Tne corresponding probs

ths exprescicn oo oy

. Iqua(l/n[jﬂ—Qb;G
V., = exo o Vv
N d A

whore \h is- the once in il-yenr extreme.

I ths verous averaging times (see Table I1) it was necessary to

lh

ceuse of
cernvert the exirsme values decuced for sach suaflon to extreme values
arprorriate to avercging times of orne hour. fThis convefsion, necessary for
cormperison purroses, wes effectad by meens of figures derived by the

.

letecorological Cffice and givan in Tzble II11. fipures caen be foundé in
(& d =
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The results of the extreme-value anzlysis are shown in Table IV for ths
5C-year return period. Eoth rormalized ené urnorralized VOF data were used.
The normalized distributions tended to produce higher extremes, but for five
stations there was no cdifference. Cf the other ten stations, seven were
increased by T ¥n, two by 2 kn and one, Varne, decreased by 2 kn becauss of

orralization end zn asbnormal freguency distribution; the only wind of Bezufort

force 11 occurrsé in = month of more than %0 cobservetions so that its

contribution to the rormalized distribution wes insignificant in the:

_ extrems-value en2lysis.

The lerge differerce betveen.extremes dorlved erm

ﬁfrémrfrent B end the corresponding:YQF data%mayx‘




observations in the data set and three velues gbove 60 kn contributed a

comreratively large percentage to the distribution.

The differences between the extremes for 50 years from instrumentzl end
estimated desta ars &lso shown. In 11 cases out of 15, the differences ct
50-year return pericd between extremes derived from instrurertal dazta =nd

the estimzted & ware either reduvced or remained the same when the

-

| Considering climatclogicel relichility, as diescussed sbove, and the number

‘ of observations in ezch szmple it can e concluded that rslieble dzta samrles

exist for OWS 'I', 'J', 'L' und the Stevenson hourly dats. CWS 'I' is not
| incluvded bececuse of thz low nursbar of VOI e uates. This conclusion éoes not

mean that the szmples of data considersed reliakle ere nscesserily true
| - representations of the climate in that drea, only that it.seems rezsonzble to
essume so. It is}quite possiblie that the dzta samrles from other stations are
0 good representations of the condivions despite reservations about their
} climatological relizbility.
i The difference between the 50-yezr return reriod extremes dérived from the
i measured dzta and the normalized distribution of V(P estimates ffom thé arear
}
|

surrounding the 'relisble' stations OWS 'I', 'J', 5 7 and °t°venson (hourly) ere

’;respectiveiy, -2, +3, +2 end +7 dn (iable 4) : f jt-is® bornn 1n mi d tha¢ the

extremes-are derived from wind speeds in E aufort fb“ce c asses (av'rag° rengeﬁs"




the extremes derived from the measured distribution. Of the remaining five,
three are sations with short veriods of measured dat s FitzRoy, Boyle and DE 1.
Cne, Couth Uist, haos meassured observations from a lené station (Fenbecula) which
would be expecied to unierestimste the wind speeds compared with open sea

relues. The remaining stetion is OVE 'I' with an overestimation from the VOF
cistribution of 2 kn. There is no obviocus explanaticn for this difference
though it is mest likely due ‘o the sampling in one of the date sets concernad.
ror the GWS 'I' nmeasured data, ennuel meximun wind speeds WETE extrected and

fitted to the Gumbel (cr Fisher-Tippett Type I) distribution to give estimates

T

of extrerme veluszs. IXxireme vind spsads were zlso ﬁ”tlwuucd in this way for CWC
'd'. Since 'l' &nd 'J' ere in similar climztic locztions it should be poseible

to deteArlne mkuvhcr or not, the results from U#S 'I' zre reszconable by

- . -

comparing the extremss from ezch OWS derived using each me»hod of extreme vzlue
estimation.

. Pable V shows some of the resulting extremes from both methods of znalysis
ancé Fig 4 shcws plots of extreme wind speed against the return period. The
estimated extremes from the Gumbel analysis are similar for both OwS b 1 end 'd!
s are those estimated using the Weibull distribution. It vould seem thet the
results for GilS 'I' can be considered rezsonable and that it is the«VQF.
'di,tributidn of estimated wind speeds which 1s unreﬂ"eserta ive of bh° cllmutlc
éonditions in the area. The extreme values for the SOﬁyear {Pturn perlod fbr

'”, OW$“}I!v‘ "




Therefore, the vhole distribution becormes unrepresentative due to a2 ouirk of

with very largce differences between estimated 50-year’
extreres czn ve discounted for rezsons explained sbove. lost of the sites have

underestirstes of the 5C-yzar exireme derived from the VOF distribution compared

with the corresponding extreres from the measured distribution. The average

velue of this underestimstion is 5 kn. It does not sesen unreascnzble to zssume
nat, in rost cucss, 1€ 5 kn is added to the extremes estima tﬂd from the VCF

distribution the rasulting extireme velue will be a better estimate. Cbviously

this will rot slways be true and, althcugh sensible assumptions can be mude
regeréing the apparent relizbility of the data st ﬂple there is no rule which
will say wﬁethef cr not ary sample is & good ren entation of the conditions in
the zrea over which it is tzken. .

_ If onz considers the aversge differsnces between the extromes derived from
the VCF estimates znd the messured observations a similar conclusion can be.
dravn for extremes for the other return periods. Thet is, the average
differsnce for the stations isahout 5 ¥n, so a 5 kn addition to the VOF estimate
in genersl would improve the estimated extreme. 1t must be emphasised thet this
correction is en everage result end will not necessarily improve.the‘resuit_in
every indivicual case. : | ‘ 5
7.  Cenclusions

The dist butlons of eSulma»ed wind s;ned observatlons ar diff"

‘3;tngse derlved “rom wind spee*s taken from 1nst‘




rneesurements rmust be taken into account and the length of time over which the
data set exists is aleo importent.

It seems that whire there is no zbsolutely relizk

jal]
"
c}
[

the VCF data in that area con be used with cenfidence and it is likely that

| S

f an eddéition of one Eeumufcrt class is made to the 5C-yeszr return, period
extreme (and similarly to &l1 other return period extrsmes) the result will be

somevwha? improve




6. References

Department of Energy Lo

renfeld, L

Feteorological Cffice

Quayle, R G

NS

Veibull, W 51

!

Cffshore Instellations: Guidance cn

e

cdesign end construgction, London, E:Z0.
The develorment of & new Eecufort
Meteorol Rundsch, 24

17-23.

F'erine observer's hazndbcok. Londcn,H-SO.

Climatic ccaparisons of estimated znd

J Appl

reesured winds frem shirs.

Feteorol, 19, 142-156.

A statistical disiribution function of

vide arplicability.

v

J Appl iech, 1§, 293-297.




.

Station

Oug-*1*

"oWs 'J¢

OWs 'L

ous'n'

Seven Stones LV
Shambles LV
lersey Bar LV
Varne LV

Stevenson (10 minute)
FitzRoy

Boyle

Stevenson (hourly)
P31

Brent B

South Uist

period

1962=75
1962=T5
197519
196278
196173
1961=76
196178
1970-78
1973~76
197376
197417
1973-76
1978-79
1978-79
196178

Measured windepeeds

number
113 072
112 317
28 957
126 335
13 100
9 983
8 192
46 194
2 005
2 3719
3 643
21 010
5 838
950
29 266

D

Estimated windepceds

period nunber
1962=75 2 355
1962-75 '3 356
1962~78 2 975
1961-78 €66
196178 12 410
1961~78 12 797
1961-73 1 €08
1961-78 9 932
1961=78 - 5 702
196178 3 088
1961-78 6 315
1961-78 5 702
1961-78 13 338
1961~78 9 178
1961~78 1743

Table I Aveilability of measured wind data and periods for which
estimated data were used in the analysise

15 seconds

3 seconds 1 minute 10 minutes 1 hour .
~ Brent B ons LV “UKOOA YoF . o
! DB 1 stevanspn

T;‘?l’e II Efective

| Bembecula



' Height

10m

100m

Table III

Averaging time

10 min 1 min® 15 sec 5 sec 3 sec
1.05 117 1.27 1¢34 1637
1439 1,54 1,56 1.61 1,63

1 in 50-year extreme winds at 10m and 100m
above sea level Zor various averaging times
gxpressed as ratios of the 1 in 50-year

Lourly 10m wind.




- Station

ons 1t

oWs tJ°!

OWs 'Lt

oWs i

Seven Stones LV
Shambles LV

Varne LV

Mersey Bar LV
Stevenson (10 minute’)
Fitzroy
Boyle
~ Stevenson (hourly)
® DB 1
Brent B

South Uist

data.;

50-year extreme wind speeds

Heasured
_data
65
65
67
59
66
66
64
69
84
57
56
69
55
18
58

(kn) derived from

Estimated data

not normalized
66
61
€4
53
58
61
61
65
62

59

59
62

62
62

normalized

67
62
65
54
59
62
59
66
62
60
59
62
62

64

61

Differences between extremeé
derived using measured
and estimated data (kn)

not normalized

+3
+3
+18

-2

.

~ Table IV Oomiia.risons of 1 in 50-year extreme winds derived fmm ,x'n_‘eagm,é& and es

normalized
-2
+3
+2
45
i +7
+4
+5




OWS 'I°' : ous *J*

Return period  Weibull Gumbel Weibull Gumbel

(years) extremes exiremes extremes extremes
» (kn) - (k)
10 63 5T 62 53
50 65 64 64 65
100 66 66 66 68

," .

Table V Extreme wind speéds for OWS 'I' and 'J' derived using
the Weibwll and Gumbel (or Fisher-Tippett Type I)
distributions.




APPENDIX
3 Table TA. Comparison between the limits of wind speed for the Beaufort scale
numbers with those for the 'scientific' Beaufort scale.

Beaufort Scale ' . 'Scientific' Beaufort scale.

Bquivalent speed at 10 m Eguivalent speed at 20 m
above ground. -above sea surface
Limit (Knots) Force Limit (knots)
1 1 B : 0-2
1-3 1 35

O co =~ [cANNNAN )| =W N



Figure 1.

Positions of fixed stations used in the analysis.
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Figure 2(a). Wind-speed frequency distributions for OWS compared with those for co-located VOF ships
within 2° x 2° squares centred on the OWS, '
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Figure 2(b). Wind-speed frequency distributions for light-vessels compared with those for co-located VOF
ships.
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Figure 2(c).

VOF ships.
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Figure 2(d). Wind-speed frequency distributions for South Uist (Benbecula), Brent and DB 1 compared with
those for co-located VOF ships. -
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. Figure 3. Mean of estimated data and standard deviation plotted against measured data using
contemporaneous information, (Numbers of observations used are indicated.)
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PART II

Wave heights estimated by the Voluntary Observing Fleet
compared with instrumental measurements at fixed

positions.

-
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(Meteorologica Bracknell)
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b Introduction
For many years estimates of wave conditions at sez
deck officers of merchant ships. These merchant ships

Observing Fleet (VOF) which provides

data from the seas and oceans of the world.

In recent years the increase in

need for knowledge of wave conditions including

Instrumentatgimeasured wave g

‘(L‘

of locations around the world, but generally these records

C

often incomplete periods only and it is*still necessary to

years of estimated data aready archived on a globzl basis.

the accuracy of

comparison with the measured wave data.
2. Data Sources
Measured wave heights were compared with esti

A0 e
2°x 2%areas surrounding each s

The positions of these twelve si

and 'J'. Figure 1(b) shows the

weather stations (OWS)

form the Volun

veluable meteorological and climatol

offshore construction work-has pr

freguency distributions

mated wave hei

ite at which instrumental mesas

T m

WAVE HEIGHTS ESTIMATED BY THE VOIUNTARY CBSERVIRG FLEET CCMPARED WITH
INSTRUMENTAL MEASUREMENTS AT FIXED POSITIONS

have been made by the

tary

ogical

oduced =

o

3

and

ignts are now available from a numbe

ere for short and
utilise the many

In order to do this

the estimates of wave conditions must be determined by

ghts from the

urements were made.

tes are shown in figure i(a) together with ocean

areas around each

instrumentzl site, except for OWS 'L' which is an oceanic site and well exposed

from all directions.

The instrumental data were of significant wave heignts whereas the visuzlly

estimated data comprised wind wave and swell wave heights.




a) Visually estimated wave heights.

Visually estimated data were available for the period 1961-1978 and

consisted of wind wave and swell wave heights, randomly distributed in space and
time throughout the area.

i) Observations of wave heights

The deck officer is required to report estimates of both wind wave and
swell wave heights when it is possible to distinguish between the two. The
actual instructions for making these estimates can be found in more detzil in
the Marine observer's handbook, but briefly the estimate should be made from
otservation of at least 20 waves, the method depending on whéther the length of
the wave is longer or shorter than the length of the ship. It is noted that in
general thefe is a tendency to overestimate the height of waves with short
wavelengths and underestimate those with long wavelengths._ At night or in poor
visibility the observer has difficulty in reporting wave heights and often will
be uneble to report at all.

Visual estimates of wave heights are made in the same way by observers on
board ships at the OWS. The data sets of wave hgights from the dWS consist of
régular oﬁservaiions made at the same location. A comparison of such data with
the randomly observed data from the VOF was made for the three OWS, 'l', 'J' and
ST Fop WSS bha regularly observed estimates could also be compared‘with
the 1nstrumentally measured wave he;ghts ava;lable at that site.

Fbr compar¢son wi th the measurements of s;gn*f;cant waye he ghts ;t ;s




e = A//(wind wa,ve)2 + (swell wave)z.
Consequently, only those occasions when both wind wave and swell w=ves had been
- reported were used in the anzlysis.

ii) Coding of wave heights

The observer is required to report the estimated wave height using 2 code
figure. The period covered by the VOF data used in this study was 1961-1978,
this period includes a change in the coding practice. On 1 Januéry 1965 the
code figures for wave heights changed from those shown in Teble I(a) to those in
Table I(b). Prior to 1968 the wave heights were reported using code figures
0-9. This required an addition of 50 to the estimation of the wave direction

for wave heights greater than four and 2 half metres.

From the beginning of 1968 code figures from 01-4Q were used which did not
" involve changes to the report of wave direction for eny height.
The wind wave and swell wave height disiributions were examined for the
pre- and post-1968 periods but no evidence was found that there had been a
mzrked reduction in reports of five metre wave heights before the code change
compared with those made afterwards. The major difference between the pre- and

post-1968 distributions is the lower number of observations:in the fbrmer f:?l’

SR ~period. In ten of the twelve arees the pre—.968 observat¢on count fbr tha-“




Another change in the coding practice was that before 1968 the szame code

was used for both wind waves and swell. The first group reported referred to

the wind waves, and subsequent groups to swell. Since 1968 one code has been

-

used for the wind waves and a different one fo” swell, with two or more groups

being used in the event of more than one swell wave train. This may have
encouraged the reporting of a separate swell wave and mey account for the

eriod.

".5

increased number of resultant waves in the post-1968
b) Instrumental wave heights,

The wave height derived from ;ngtrumcnuel recordings is known as the
significant wave height, hs . Originelly this was defined as the mean height of
the highest one third of waves sampled. It is now defined in terms of the
variance of ﬁhe sea surface elevation, mo (Tann 1976) such that:

hy = 4[m, .

Wave heights can be measured using several kinds of device. Those involved
here are the waverider buoy (WRB) and the shipborne wave recorder (SBWR).

The WRB contains an acc»lcrometer which mezsures vert*cal displacement as

the buoy rides the waves. Thus, it records the variability of the sea surface

elevation about the mean-sea level.

The SBWR consists of two pairs of accelerometer and pressure units. These
are located one on each side of the ship, approximately on the pitch axis. When
the waves are of longer wavelength than the length of the ship the
accelerometers measure vertical displacement as in the WRB. For waves with
wavdlength shorter than the length of the ship, the pressure units detect
veriations in pressure as the waves pass by.

The precise method of obtaining the significant wave heights from the
recording device depends on the sgency responsible. As an example, for wave

recorders belonging to the Institute:of Oceanographic Sciences, the waves are
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recorded over an approximate i5-minute period every three hours. Significent

wave heights are then calculated using the Tucker/Draper method (Tann 1976).
Table II lists the stations with measured wave data together with the
period of measurement and rumber of observations. The corresponding nurbers of
resultant estimated wave observations for the 18-year period 1961-1978 are also

shown.

For three of the sites there are two data ééts, one from WRB measurements
and one from SBWR mezsurements. These three sites are Stevensbn, FitzRoy and
Boyle, manned by ships sporsored by the United Kingdom Offshore Operators
Association (UKOOA).

At the South Uist site there are two dzta sets of WRB measurements, onz
from a position 10 miles offshore in 42 m of wéter and the other 5 miles
offshore in 14.5 m of water.

3.  An2lysis of data
a) Distributions of resultent estimated wave heights ¢

As with most meteorological data used for climatological purposes some

quality control is necessary. The normal sequential checks and areal

comparisons are difficult for ships of the VOF bscause of their random

‘distribution in space and time. Comparison of the wave heights with the

corresponding wind spzed estimate provides a rather crude method of quality

‘control but one which eliminates the more obviously ‘ncorrect wave he;ghts._w

However, there were still several values ¢n each data set produc;ng a

stmbut with 2 long 'ta;l' of hi gher wave hnlghts. oS
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The percentage frequency distributions of the resultant wave heights for

each site are shown in figure 2. Vith the eiception of OWS 'L' with the mode at

-

three metres, 2ll of the distributions nave the mode zt two metres and contain
some zero wave heights.
i) Visual estimates of wave height by OWS observers

There are three data sets availzble for comparison at the CWS 'L' site;
the measured (SBWR) significant waves, the estimates made by the VOF in the
surrounding area, and those made by the OWS observers. Figure 2 shows the
percentage fregquency distributions of ths waveAheights in these three data sets.
The distributions of measured wave heights and the resultan£ waves derived from
the VCF estimates agree reesonzbly well, but that for the OWS eétimates is
rather différent'having a mode of five metres. Visual estimates from OWS 'I'
and 'J' were examined to check that the difference was nbt.due to the short
period of data available from OWS 'L' (1975-1979). The distributions of
v resultant wave heights from OWS 'I' and 'J' spanned the period 1961-1975 and the
corresponding VCOF estimated wave heights the years 1961-1078. Figure 3 shows
that for these locations also the OWS mode is higher than that oé observations
from the VOF. Examination of distributions of simultaneously observed data
showed the same difference, thus eliminating the possibility thet it is due to
“the comparison of regulerly observed with randomly observed data.

Informal discussion with observers from the Meteorological Office who hﬁ?ej

worked on ships manning OWS indicates that the opinion of the deck officer‘igif;jff

';ﬁsually sought when estimating wave height.,cConseQﬁently; this_difference£

ikely to be due to the inexperience of the observers



be subjected to much more pitching and rolling than vhen steaming. It is

possible that wave heights are overestimatéd when the ship is stationary and
this could explzin. the low percenteges of zero and one metre wave heights and
also the shift in the pesks of the distributions. ‘The point ‘at which it becomes
necessary to steam to stay on station will vary with the state of the seza, and
so Beaufort force 5 is only an estimate. Unfortunately, there is no indication
of whether or not the ship was steaming when an observation was made and so this
explaenztion cannot be tested. [
ii) Period of VOF data used

The resultant wave height distributions derived from estimates made by the
VOF all cover the period 1961-1978. The distributions of measured data with
wvhich the resultant waves were to be compared covered varying periods s shown
in Table II. Vzalues for Brent B are not shown since the WRB data-is still
subject to confidentizlity rules. Because of the short periods of measured data
involved, the number of resultant waves available in the equivalent periods was
too smell for reasonazble comparison, and so for each data set the distribution
of waves from the whole period of VOF data was used. The similarity of the wind
climatologies at the sites for both the short and long periods indicated that
such comparisons were reasonable.
b) Distributions of instrumental significent wave heights

The percentage frequency distributions of instrumentally measured

s¢gn¢chant vave heights are shown in f;gure 2. The fbur llght—vessels (IN

Al
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two years. The other LV, Seven Stones, is in a more exposed position, as zre

the two South Uist sites, although both are fairly close inshore. The South
Uist site five miles from the cozst doss show 2 slightly higher percentage of
low wave heights as would be expected.

For Seven Stones LV and the two South ’iét sites there were no zero wave
heights recorded and the mode of each distribution, occurs zt two metres. At
all sites, except for the four IVs already discussed, no zero wave heighis were
recorded. The distributions or Famita, Stevenson (WRB) and Boyle (both SGWR
and WRB) also have the mode at two metres. Eicept for CWS 'L', the remaining
sites have produced distributions of significant wave hesight no clear
peaks, but similar percentege frequency of occurrence for wave heights of two

\V4

4]

0

and three metres. For OWS 'L' there was a low percentage frequency for w
heights of oné metre with the mode at four metres. OWS 'L' is the only oceanic
position considered in this study and the higher modal wave height reflects the
different regime.

All of these data sets cover only short periods of time. There are only
two with more than four years of data;. Seven Stones LV, ‘908—1978 but with
‘data for the whole of 1970 and twenty other complete months missing; Famita has
data covering a period of nine years, but the bulk of the measurements were made
during the winter months and only 32 per cent of the possible total number of
observations were available.

Figure 2 shows that the distributions of instrumentally measured and
visuzlly estimated wave heights differ at all sites. The bulk of the
observations agree reasonablj well, but large differences occur in the lower and
higher ranges. The greatest discrepancies occur at the LVs Shambles, Varne,

Owers and Mersey Bar. The VOF data for these locations were taken from the




surrounding area, often from more exposed positions some distance from the

instrumental site.
c) Extreme-value znzlysis

For the design and planning of offshore structures it is necessary to have
an sstimate of the extreme sea conditions likely to be experienced during the
expected 1lifetime of that structure. Extreme values are estimzted by fitting a
distribution to the aveailable data, and extrapolating the tzil of the
distribution to the vzlue having a cumulative probability of exceedance
corresponaing to the return period required. This gives the value expected to
be exceeded, on average, once in N-years, where N is the return period.

Many distributions used to estimate the extreme values require the
identificétion of annual maxima. This means that long periods (more than ten
years) of regulerly observed data are required. Conseéuently, these methods
cannot be used for estimeting extreme wave heights from the distributions shown
in figure 2 since the measured data available cover only a few years and the

timated data are not regularly observed.

The method used here to estimate extreme wave heights was to fit a three
parameter Weibull distribution to the whole spectrum of data.

In practice, when fitting a Weibull distribution to wave heights; it’is
often necessary to alter subjectively the bounoar*es of the frequency

distribution of the data. This is part;cularly so when dealgng with data

~collected from the VOF which is random and therefbre may

unrepresentat;ve d‘str*but*on in the h;gher frequency




This problem did not occur with the distributions of mezsured wave heights

-

which were quite smooth throughout the ranges used.
. 4. Results

The t in 50-year extremes derived from the significant and resultant wave
height distributions are shown in Teble 111. The Qhole 18-year period of data
was used for the resultant wave height 2znalysis. The extremes estgmabvd from
the significant wave heights measured by SEWR were converted to the equivalent
WRB height (Graham et 2l 1979).

The results for the four 1Vs, Shambles, Varne, Owers and lMersey Bar.are not
comparable because of the difference in the distributions due to. the large area
from which the VOF data were taken covering more exposed seas than those at the
LV sites. It is probzble that the same reason also accounté for the large
differencé in estimated extremes at the 'inshore' South Uist site.

In every other cese the extremes estimated from the distributions of
resultant wave heights are higher then those derived from the significant wgVe
heights. The mean difference is five metres. This represents considerzble
difference in the 1 in 50-year extrgme wave height between the resultant wave
height distributions and the meaéured waves. However, it is important to
remember that the measured data sets cover only very short periods znd it may be
that more extreme situations would be sampled over longer periods redﬁcing the

epparent over-estimation of the extreme conditions derived from the visual data..

The variability of the percentage frequency of oocurrence of wave he¢ghts is

;llustrated in figure 4 Th‘s figure shows the percentagg freqpencx of

: f,occurrence of waye he*ghts 1n two rangps for 10 years.of data framztbe.IN-Seven




.vrangQSQand‘consequently aiffi cult;es are aga;n created in the est;mation of

Extreme velues were also derived from the distributions of resultant wave :
heights obtained from visual estimetes made by OWS observers. The 1 in 50-year
extreﬁes ere showm in Teble IV together with the extremes estimatéd from the
corresponding VCF d2ta. Despite the shift Yo a higher modal wave height the
extremes estimated from ths OWS resultant wave heights are lower than those from
the VOF resultents. Thz 1 in 50-year extreme value of 17 metres derived from
the instrumentzl datz 2t OWS 'L' indicates thaﬁ the QWS resultant distribution
underestimate the extremes

55 Conclusion

lith a few exceptions, the measured significant wave heights which are
available cover very short periods of time and so, despite the high quality of
the mezsurements, their use is limited both climatologically and especially for
the estimztion of extremes.

The main advantage of the estimated data is that it c&vers long periods of
timg and is available for all sea areas. Individually, these dafa are of much
poorer quality being far less accurate than measurements of wave height.
However, the bulk of each distribution is probably sufficiently accurate to give
an estimate of the overall wave climatology. Unfortunately, because of the

difficulties in estimating sea and swell separately many of the resultant wave

" heights will be inccrrect representations of conditions at the time of

~observation. The d‘str*but;ors are markedly affected in the h;gher wave he;ght




of information available they should_be used with czution, bezring in nind the
differences known to exist between estimated and mezsured data especially with
regard to the tail of high wave heights of doubtful accuracy. Instrumental
records equally shouldlbe used with caution because of the short length of
record and fheir incompleteness. |

Earlier work compering visuslly estimated wind spzeds with inétrumental
measurements concluded that the winds reported By the VCF can be used with
confidence to derive a wind climatology where no relizble measured data are
available (Graham, 1982). The National Maritime Institute is developing.a wave
climate model by combining visually estimated wind speeds and wave heights,
together with measured wind and wave data and wind/wave relationships.

However, such a modelled wave climate does not proﬁide.a solution to the
problem of estimating extreme wave heights. Extremes do not occur in average

conditions and, therefore, cuannot be described by models based on aversge

relationships.
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Figure 1(a) Positions of fixed stations used in the analysis.
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Percentage frequency of waves in each year at LV, Seven Stones for wave heights

Figure 4.,
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Table I{a] Wave heightcode table pre=~1968

2 Code Height Height Code Height Heignht
" figure  in feet in metres figure  in feet in metres

(50 added to wave direction)

0 <1 < 0.25 0 16 5
| 1.5 0.5 | 17.5 5.5
2 3 1 2 19 €

21



Table 1) Wave height code table post—1968

Code Height Height Code Height Height
figure in metres in feet figure in metres in feet
1 0.3 1 25 12.5 41
1 0.6 2 25 12.8 42
2 0.9 3 26 131 43
2 1e2 4 27 13.4 44
3 1¢5 5 27 137 45
3 1.8 6 28 14 .0 46
4 2.1 i 29 14.3 47
5 2.4 8 29 14 .6 48
5 2.7 9 30 15.0 49
6 31 10 30 1542 50
7 343 1 31 15.5 51
7 3T 12 32 15.8 52
8 4.0 13 32 16.1 53
9 4.3 14 33 16.5 54
9 4.6 15 34 16 .8 55
10 4.9 16 34 1761 56
10 562 17 35 17.4 57
1 5.5 18 35 13 58
12 5.8 19 36 18.0 59
12 61 20 36 18.3 60
13 6.4 21 37 18.6 61
13 5:7 29 - 38 18.9 62
14 7.0 23 38 19,2 63
15 T2 24 39 19.5 64
15 746 25 40 19.8 65
16 7.9 26 40 20.1 66
16 8.2 27 41 20.4 67
17 8.5 28 41 20.7 68
18 8.8 29 42 21.0 69
18 9.1 30 43 21.3 70
19 9.5 31 43 21.6 71
19 9.7 32 44 21.9 72
20 10.1 33 45 22,3 73
21 1044 34 45 g2 74
21 10.7 35 46 909 - 75
22 11.0 36 46 23.2 76
23 1163 37 47 23.5 77
23 1.6 38 48 23.8 78
24 11.9 39 48 24.1 79
24 12,2 40 49 24 .4 80
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Table J[. Availability of measured wave data and estimated data which were used |
e ey arrsthet analysi's;

Station

Famita
Lima
Seven Stones
Mersey Bar
Shambles
Varne
Owers
Stevenson
Stevenson
Fitzroy
Fitzroy
Boyle
Boyle

South Uist
(offshore)

South Uist
(Onshqre)

Type of
Measurement Measured Data

SBWR

SBWR

SBWR

SBWR

SBWR

SBWR

SBWR

¥WRB

SBWR

WRB

SBWR

SBWR

WRB

WRB

Period of

69 - 71
75 - 11
68 - 78
65 - 66
68 - 68
65 - 66
68 - 70
73 - 76
73 - 76
73 - 76
73 - 76
74 - 77
74 - 77
78 - 80
78 - 80

(4

Number of Number of estimated
measured observations ddzgﬁ;r:gﬁaeg%

8566 8183
5188 2835
24369 11899

2919 1475
2920 12302
3146 9465
4426 10535
6028 5520
5370 »

4589 2972
5008 "

7175 6032
7029 "

9342 1665
34 "




Tabledll. Once in 50 year extreme values for all datasets of measured wave heights
and the corresponding VOF resultant wave heights.

- Extremes derived Extremes derived
Station from significant from resultant
| ‘ waves waves
metres
Famita 13 16
Lima 17 19
Seven Stones 12 17
Mersey Bar 8 12
Shambles ? 17
Varne 5 16
Owers ) 5 15 ;
_ o o :
St;ven;on (WRB) 1 21 R M
Stevenson (SBWR) 13 21
Fitzroy (WRB) 14 16
g Fitzroy (SBWR) 14 16
N Boyle (WRB) 12 | 20
Boyle (SBWR) 12 20
South Uist S e ' e
(offshore) b e - i s :
'Sqﬁih;Uist”5= f' : . :




Ld
e
- Station Extremes derived
from OWS
resultant wave
heights metres
OWS 'L* 15
OWs ?1° 15

OWs 'J! 14

Table IV, 1 in 50 year extreme values for OWS and VOF resultant waves.

Extremes derived
from VOF
resultant wave
heights
19
19

19




