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In )~77, the Ship St ructure Committee (SSC) publiehed
report SSC-268, Envi rormmnta l l~~ve Da~g for Determinina HuJJ
Structural 4oad.tnos, by D. Hoffman and D.A. Walden. The
recommendations contained in that report are included as an
append ix to this paper. After considerin g these
recommendation . the SSC request ed the Ship Research

L Committee (~~C) of the Nat ional Academy of Sciences to
leve lop a paper that would su rt ae the wave data needs of
designers of wave-loaded structures to infor m wa ve data
collector, of the uses for such data and the general
coveraqe and form desired . This pape r is the resp onse to
t hat reques t .

The paper cons ists of three parts. First is a summary
~ f the wave da ta ne ds of th ree classe s of ma r it ime
interests: (a) designers of shi ps and float ing and fixed
of tehor e plat for .., (b) re qulator y bod ies and classificat ion

‘ societie s pr i~~~r ily interested in safety and env ironmental
protection, and (C) operat ors concerned with ship rout ing
and offshore activitie s such as oil and mineral r ecovery and
eiw rqy prod uction . The second part is a su ary of the
stat us of wave data , and the thi rd pa rt is a set of
conclusions.

~~~ NEEDS FOE WAVZ DA~~

Shi o Design

f Unti l a statistica l or pro habiliet~c approac h was ta )~en ,
the random and variable nature of the seaway defied effort .
to develop the quantitat ive descriptions needed to apply the
basic laws of hydrodynam ics to the prediction of force s on
~htps and other wave-loade d str uctu res. Since 19S3 , when
S’ . Dents and Pierson ’s paper ‘C~ the *tions of Ships in
Confused Seas app.sred in the SHAME ~~~~~~~ dyn amic ,
prot ab il tat ic tr eatment of the seaway aid ship resp onse has
advanced rapidly . Mathematica l model, of the seaway, mode ls
re la t ing  the seaway to wind field., and mathematica l models
of ship rupon se to wave loading ar. still evolving . Such
models permit estimat es of value s of wave height that define
the desiqn bending moment in ships and maxinur loads on
ot he r ocean structures. The .. also permit treat ment of
other wa ve co.pon.nt . of the seaway t hat produce vit~rato ry
responses in ships and f loating and f i d  st ructures that

_ _ _ _ _ _ _ _ _  - ~i -
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~ are important in the considerat ion of fat igue . The common

denominator in a l l  this is a spectra l representat ion of the
seawa y t hat defines the dist ribution of wa ve height. against
the frequencies and direct ions of the component waves .

The traditiona l met hod of asseseinq ship stre ngth
involves poising the ship statically on a 0etanda rd ” wave of
lengt h equa l to the ship length. The calculated hull-
bending st resse s provide a means of comparison with prev ious p
ships , and a large body of experience provides , in effect , a
data base for judgi ng adeqiacy. Thi s is a valid approach as
long as the ra nge of exper ience , in terms of ship size ,
speed or conf iguration , is not exceeded . ‘~~ry large ship. ,
high-speed ships , hydrofoi l., surface —effect sl ip. (SES) ,
mult ihu lle , f loati ng platf orms (e.g. , offshore ther mal
energy conversion platforme--OT!C) that lie outside the
range requ ire a different , more sophisticated approach to
structural design , if a realist ic answer is wanted.

When considering the question of what practical use will
he made of an improved and more comprehe ns ive save data
bank , the design of the ne xt gene ration ot LNG ships comes
to mind . The enormou s amo~w~t of t lared gas going to waste

• in the Middle Ea st remains a tremendous energy resource
potentia l tha t should soon have a profound effect on LNG
shipments.

Althou gh present classificat ion society rules for
st rengt h cover current standard 125 , 000 cubic meter clas s
LF~ ships , the y are not entirely sat isfacto ry . Ships in the
300, 000 cub ic-meter class now on the drawinq boards have
similar overall dimensions of lengt h and beam to ult ra- lar ge
crude carriers; however , the i r  finer lines and greater speed
will cause them to respond differently to wave load tnq.

A phenomenon that is emergin g as important in large
Great Lake bulk ca rriers and may be significant also in
la rge , high- speed ships , such as LW carriers , is tha t of• ‘springi ng ’ I n some ca ses the amplitude. of spring ing can
be large , and hull bending stresses approac hing the level of
•hose induced by wave bendin g have been observed. In the
l i f e t i m e  of a ship, the nu~~er of stress reversals in
springing could conceivsbly be large enough to approach
fat igue failure limits.

Patio na l design of hul l struct ure for stre ngth , fatigue ,
and de f lect ion and desiqn of cargo tanks again st sloshinq
and ot he r dynamic forces , depend directly on loadings and
motions derived from known critical sea-st ate energy
epect ra.

Even for convent iona l ships that lie withi r the ran ge of
experience, the press for design refine ment to save weight
and improve the deadweigh t /displa cement ratio, fuel

2
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corisurpt ion, and speed requires realistic wave-load data.
For all ships , th e study of fatigue, slamming, and wave-
induced vibratory st re sses requi res a descript ion of the
ma gnit ud e, frequency , and distribut ions of waves the ship
say be expected to encount er .

r 
UQatin~ and Fixed structures D,~sion

Although, to date, most operat ional and planned offshore
~ininq operations have used ships, large and urishiplike
floating st ructures are being designed for offshore oil
irilling , mining, and energy conversion . Precise
positioning and motion predict ion or cont rol requ ire a
reliable description of the wave environment . A good
example is the OTEC project , where concept . involving pipe.
3000 f . t  long and ~0 feet in diameter suspended from a
lar ge floatin g structure obv iously require careful dynamic
•~nalysis of the wave-induced motions , forces and st ructural
responSe .

The designers of fixed offshore structures use wave data
somewha t d i f f ere nt ly f rom ship designe rs , but the y need a
simi la r spectra l description of the seaway. Their concern
with wave height s relates first to the select ion of p latfcr m
clearance above the wate r surface with respect to the
hi~;heet wa ve to be reasona bly expected , e .g . ,  the “ 100—yea r
wave .” The designer of f ixed  st ructures and the designer of
stat ionary floa ’ ing struct ures ar e concerned wit h wave draq
forces exe rted on the legs and cross memi ers of such
structures , whereas the ship designer is more conce rned with
tuoyancy torces and rigid-bod y added mass and damping .
Becau se of tehor e structu re s are designed to have long
service lives, wave-induced fati gue is an important
consideration for struct ural eleme nt s having natural
frequencies of vibrati on corresponding to frequenc ies of
component waves tha t conta in significant ener gy. In
addition to the direct interaction of waves and struct ures ,
the des igner of fixed st ructures may also have to t ake int o
account the interaction of waves wit h foundat ion soils and
forces on st ructures exert ed by wave-induced mot ions of ice.

• Other Deei rn Uses

The sa me sort of wave data required to des ign mar ine
st r uctures is needed for mot ion analyses of ships and
floati ng platforms and design of associated control systems,
e.g., .hi~~orne aircraft landing systema, fire—control
systems , crane ship operat ions , and control system. and ride

• prediction for hyd rofoils and surface effect ships.

Shallow-wate r wave cha racteristics and an ~sid.rstandinqf wav action and current. in the surf zone are clearl y

3
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important in the study of beach erosion and the design of
ha rbors, entrance channe ls , breakwaters and shore-front
st ructures for the berthing of ship. or the protect ion of
adjace nt land areas .

Use by RegulptQry Bodies and Classification Societ ies

Regulatory bodies and classification societies concerned
with safety and envi ro imantal prot.ction use wave data in
mi~~h th. same way a. the structural designer . Indeed , much
pioneering work in the ana lysis of wave loading of ships and
ot he r marine structures has been done by th. classificat ion
societies.

Use by ODerato rs

1Mw forecasting is a grow ing area of act ivity that
serves ship operators and of f shore oil , mini ng , and energy
interests. *ich of the work that has gone into the
dew lopsuent of forecasti ng and hindca sting tecimiques has
been stimulated by operational needs.

Table I summarizes the range of wave-data users and
their princi pa l ar eas of interest.

Because it is patently impractical to ful ly characterize
the seaway for all ocean areas , some sor t of priority must
be established for obtaining the desired coverage of those
ar eas of interest because of shippi ng or ocea n engineerin g
activity. (See Appendix A.) Data al ready exist in varying
a mount s and qualit y for ce rtain ocean areas , seas and lakes.
Table 2 gives, in a coarse way, the availability of wave
da ta for the pri ncipa l areas of interest .

In Table 2, “observed data ” refers to observations taken
aboa rd ships at sea . These are rout inely reported in a
standard format to NOAA . Idi ve height , period , and direction
are “eye ba ll.d” , so the data are necessar i ly approximate .
It is primarily useful in making est imate , of long—term
distributions of wave height and per iod. “Measured data ”
refers to spect ra derived from j~ ~~~~ measurements of wave
he ight , usually in the form of a continuous tr ace of wave
height aga inst t ime, taken on a weat her ship, haoy, or fixed
struct ure . These data take long periods to acaaau late and
then must be converted to spectra l form, which requires
considerable computer ti and insight on the part of the
processor to ensure reliab le out put . Uind cast data ” re fers
to spectra generat ed by a mathematica l model using
atmosph eric pressure fields to co.p ite wind f ields , whic h

C
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TABIIE 2. WAVE-DATA COVERAGE
I

V -

~ OBSERVED MEASURED H!NDCAST
AREAS DATA DATA DATA

OF INT EREST (SPECTRA ) (SPECTRA )
-4 

*____

North Atlant ic Good Poor ‘~ood

North Atlanti c Coastal Good Poor Poor

South Atlant ic Poor Neg ligible Negligible 
-

South At lant ic Coastal Poor Poor Neg ligib le

• Carribean ~ Gulf of Mex ico Good • Poor Good

Great Lakes Fair Poor Fair

North Paci?:c Fair to 
V 

Poor Good
V 

Good
North Pac~flc Coastal Good Poor Poor 

V

-

• 
South Pacifi c Poor Neg l i gi b l e Negligible

Ind ian Ocean Poo r to Negl’g~ble Neghgible
Fair

Mediterranean ‘ Good Neghgib le Good

South Africa Coastal Fair Negligible Negligible

North Sea Good Fpir 
• 

Good

6
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are the princi pa l inputs. The se depend on adequate measured
wave dat a and associated atmosphe r ic conditions to verity
the pa ra meters in the model.

Although qenerally not addressed directly in design ,
a. ships occasionally encounter abnormally large , steep seas,

referred to variously as “freak,” “rogus ,” or “episodic”
wawe. These develop in certain locations because of
interaction of wind, swa ll , and currents . Very Littl e
information is available on these waves beyond eyewitness
iescriptions. A common feat ure of such descript ion. is that
of encountering a deep steep trough followed by a single
high st eep wave. Huge wa ves of this t ype occur under
certain conditions off the eastern coast of the Cap e of Goal
Hope. In this region, storm si~ Lls traveling northeastward
from the Antarctic and reinforced by local gale winds
p roduce high seas tha t may be further augmented and
steepened over the continental shelf. M~en these er~ounterthe southward flowing Aqulhas Current, extremely steep and
high wave s can develop; the “episodic” wave is believed to

a product of such a combi nation . A nu~~er of cases of
severe damage or lose of large ships to such waves have
occurred--e.g., the loss of the tanker World Glory. The
(ulf Stream off Cap e Hatteras, the Gulf of Alask a , the• !nql ieh Channe l , and the Hay of Biscay are some of the ot her
areas where stor ies and currents combine to pro~ ice
abnormally high , steeç waves .

t)esigninq to resist such ext reme seas may be infeasible
and the most pra ct ica l way to deal with them say be
avoi dance . In either case, dat a on these waves and the
conditions that spawn them are needed to assess the
potential for extreme load s and to make possible the
pred ict i on of occurr ence , duration , and severity for
avoidance.

Currents , their inte ra ct ion with waves and the subsurfce
wa ve profiles that re sult , are also important in the design
of offshore structures.

S~~~tra

Current desi gn uses the “point” or nondirect ional
spectrum and, except for a few di rectional spectra , all
available measured spect ra are point spect ra . Direct iona l
spectra describe the distrib ution of wave ener gy as a
function of dir ect ion as wel l as frequency . Because of the
cost and d iff icul ty  of mea sureme nt , very few directional
spectra have been obtained . In order to comp letely describe

• the performa nce of a ship in a seaway, the designer would
like to have direct iona l spectra, and ~ ich spect ra are now
becoming avai lab le by himlosstinq. The added par ster
considerably compl icates t he matter of data ar chiving.

-~~~~~~~~~~~~~~~~~~~~ 7
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Study i. needed to evolve a suitable format for dealin g with
direct ional wave spectral data.

The shapes of actua l, spectra are only approximated by
mathemat ical spect ra . The !SSC two-parameter sp ctrum,
which i. characterized by the significant wave height ~ndave rage wave period, is wide ly used. These paramete rs can
be corre la ted with the average wave heights and periods
routinely reported by ma r i ne rs .  The accumulation of these
visually observed heights and period s provide a picture of
the long-term distribution of these parameters for various
ocean areas . These coupled with mathematical spectra ç*r.it
es t ima tes  of ext re me values to be made.

Recently multiparamete r formu lations, such as a six—
parameter formulation by Ochi, have been proposed that allow
actua l spectral shap es to be more closely approx imat ed
mathem at ical ly .  The i5 )roved defini t ion of the high-
frequency “tail” of the spectrum that i5 afforded by this
type of for mu lat ion wil l  be helpful in the analysis of
sp ringing in ships and the vibratory response of st ructural
element s in ot he r structures. The JON ~~AP projec t has
cows~i led muc h North Sea wa ve data and propose d a
multi parameter spect r um t hat has gained wide acceptancv.

H&Y1 D T & ~~TATU~
yisua l Q~~ervat ions
Mari ne rs ha ve been observing and reporting wave and

other environj~~ntal conditions for many years. Individual
observat ion. of wave conditions may over- or under-estimate
wav e heights and p riods. ~Iowever , t hese errors tend to
average out over many observations, and the total presents a
stat ist ically acceptable picture of the long-term
distribution of significant wave heights and average
period.. As part of a Wo rld Nateor oloqica l Or ganizat ion
shipboar d data collection ef fort, the Nationa l Oceanic and
At nosphe ric Ad minist rati on ( NOAA ) supp orts a large -scale
coupe rat ive vesee 1-of -~~ po rt unity prog ram • ¶ hro ugh this
program, which is augmented by Navy and Coast Guard data,
approximately 1900 marine observations (including visua lly
observed wave direction, height , and period) per day are
available worldwide , pri nc ipally a long the major shippin g
routes. *)AA’s Nationa l c~ i a ~ ic Center maintains a f i le  of
these vi sually observed sea, swell, and wave dat a as part of
a collection of meteorological observations from most of the
marine meteorological mourcee in the world.
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~~~jured W~yes (in sit~j

In order to derive spectra, at lt~ast 20-minute
continuous records of wave heigh t versus time are needed.
Typical of such data are the record. taken by Pr itish
weather ships in the North Atlantic, e.g., the station
“In dia ” data. Most ~~ ~~~~~ measurements of deW-water waves
in the future will probably be taken by buoys. It ii noted
that no wave measurements beyond the continental shelves are
being taken or current ly planned by any U. S.  agencies.
MOM’s t at a ~uoy Office is testing a buoy capatle of

— measuring direct ional wave spectra. Work continues on
shipboard height sensing devices, which along with the
associated motion measurements are the key to a shipbo rne
wave-height measuring system, but no satisfactory syste. is
in hand as yet. ~~ situ measurements cannot provide enough
coverage to develop a worldwide wave climatolo gy . A primary
ro le of j~ situ measur ement s now appea rs to be to supply
det a i led , accurate act ua l wa ve data t hat can be used to
v e r i f y  or calibra te other methods capable of providin g the
needed global coverage, i . e . ,  hindcastinq and satellite
wave-measuring techniques. The MOM dat a buo y program is
cont ined to U.S. coastal waters. At pre sent , 19 buoys ar e

• deployed--? on the east coast. 3 in the Gulf of Mexico, and
9 on the U.S. west coast, including the Gult of Alaska.
Most of the buoys are capable of r.cordinq wave data twice

• dai ly in 12 to SO freq uency bands, t rom which s1 ‘~ificamt
wave height and average wave period are derived and made
available ove r meteorol ogica l co~~~siicat ions cir cuits. The
information recorded from the buoys is f orwarded to the
Nat iona l ocea noq ra *~ic Data Center for further
disseminat ion.

The U.S. Arm y Corps of Eng ineers is concerned with the
design and effectiveness of shoreline st ructures to minimise
dama ges to civilian works and to beach.s . In support of
this work, the U.S. Army ’s Coastal ~nqtheerthq ResearchCe nter has a sma ll wave-ga uging pro g ram on the U. S.  east
coast ar d plans a ma jor wave-measurement pr ogr am along the
California coast.

A coastal wave-monitor ing pr ogram wbder devsh, a.r nt at
MOM is in pa rt a cooperat ive effor t  involving other f ederal
agencies. The program, init iated la rgely in response to
requests from the 0.8. Geologica l Survey and the Corps of
Engineers, includes:

• Plans for hindcast model verificat ion :

• Use of the.. mode ls to predict extre re-wave
conditions;

9
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• Measurement s using smal l “waverid er ” t~uoys
(developed by the Dutch) and inst ru mented of f shore
i latforss;

• Supp ort for resea rc h and development of coastal
wave monitoring radars;

,
• Provision of real-time wave data for urine

tor ecast s; and

• Development of wave- data archives for variou s
applica t ions.

It should be noted that di ffer ent  users have different needs
wit h respect to wave dat a and models and that the models awl
verif icat i on aspects are tailored for specific uses .

Potent ia l sou rces for wave data to augment the coastal
wave monitoring pr og ra m are the offshore developers , who are
required by law to collect wav e data off the Atlant ic coast
In con lunc t ion with exploratory d r i l l i n g  operations . These

-- lat a a re propri etary , but t he deve lopers are required to
m~ike th e m ava Uab le to USGS and they will ult imately become
pub lic .

The National Oceanoqra~*~ic Data Center has developed
formats  for archiving both raw and analyzed measu red wave
dat a alon g with  suppo rt inq meteorolo gica l and ocean current
data for the same time and location. The forests have been
revi.we~l within MOM and are presently being reviewed by
major wave-data collectors in the tk~ited States.

The Army Coastal Engineering Research Center, in support
of the planned expansion of its coastal-wave data-
measur es~ent system , is working with an Ocean %~ave Statistics
Sut coemittee of the American ~~ciety of Civil En gineers and
various f ederal agencies on the deve loçaent of standard
for ma ts for sa~~ling, record length , otmervat ional
fre que ncy, measurement units , and raw-data formats for the
arcP~.ivth q of coastal-wave data.

?he Institute of Ocean Science s, Wor aley, England ,
following an of fer  to become the worldwide Responsible
Nationa l Oceanoq ra~*~ic Data Center for Wa ves under the
Int t r qovern ment a l Ocean ogr snhtc Coimuission , has deve loped a
fo rma t und er i~~s Nar ine  Information and Advisory Service for
inve ntorying wor ld wave dat a obtai ned from ~~ situ
measure ments.

I

~aj~j l1ite b~~ve Mealuremants

wave data collection by satellite offers the potential
for deve loping a worldwide wave climatoloqy. Satellite
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measurement techniques are still in the develojm enta l stage,
and production of useful data is several years away. Since

• Apri l 1975, the GEOS 3 satellite -has been asurinq wave
t heights along its track by means of a rada r alti meter to

about ± 0 . 5  meter accuracy and covering an instantaneous area
avera ging approxi ma tely S kal. SEASAI A , which was launched
in J uly 1978 , wa s expected to obtain radar altimeter wave—
height measurement to an accuracy of about ±0.25 meters.
At-out 100 days of data were recorded before the failu re of
SEASAT A; these dat a have undergone only a lir ited
evaluation. Additiona l “ proo f of concspt ” aeureaents
taken by SEASAT A were wave length by means of a synthet ic
aperture imsginq radar wind speed by a microwave radiometer ,

t and wind direction and speed by means of a microwave
acattero meter. I n spite of the limited na t ure of the data
obta ined in the 100 da ys of SEASAT A operation , the output
is repor ted to be encouraging. This information will be
useful in the de ve lopment of a Nationa l Ocean Satellite
Program for the early 1980s t hat is now in t he planning
stage . ~~ASAT A measurements of wind and waves will als o be
us efu l  in a verification prog ra m for the hindcast wa ve-
spectra effort. However,  ground t r ut h” data ,
r epr esen ’at iv. of the wide r ange of oceanic wind and wave
cond it ions , must be collected and used to estat lish the
cred ibility of the satellite sensor systems .

The potent ia l for obtaini ng wind direct ion and speed
dat a as well as wave-len gt h spectra in the southern
hemisphe re may eventually facilitate the deve lopment of wave
epectra l data for the ocea r~ south of the equator. The
resolution limitations f or wave— length measurement s (50 feet
or g reater) and the limi te d success to date with satellite
wind mea surement s impose proble ms . However , the  combination
of measurement s that have been made on SEASAT encourage the
belief t ha ~ worldwide wave spect ral data may be obtai nable
in future satellite measurement prog r ams .

Altho uqh the Space Dat a Center of the National Satellite
Center has been consider ing the problem of archivi ng
satellite-derived wave dat a , as yet no system has been
estab lished to accomplish this.

- 

- Hind vast Wav~~~~~ ç~~j

The Fleet Numerical ~~ather Cent ral (FNWC ) of the U.S.
?lavy Is presently computing a hindcast wave spectra
utilizing historical pr essur e patterns over the northern
hemisphe re . Directional wave spectra (12 direct ions and I S
frequencies) are compile d for three hourly intervals at grid
points spaced app roxi mately 200 mi les apart . ¶0 date , 11
years of North Atlant ic and 12 years of North Pacific

~~~~
- I hindcast a have been computed, with an addit iona l * yea rs

anticipa ted for each ocean under the present effort . The
— 
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need for more years of effor t beyond thi s will  be evaluated.
r The FN WC is currently testin g an improved analysis and

pred iction model that deals with wave prop agation in as many
as 25 directions at 15° increments . A doublin g of the
number of directions of propagation (12 to 2~ ) can double
the computer time and , therefore, must undergo careful
consideration prior to implementation am an operat ional
baa j  a.

The Na vy is in the prOcess of preparing a wave spect ra
atla s tha t is expected ini ti ally to te  ba sed or 5 years of
computed wave spectral dat a in the Nort h At lantic Ocean.
The at la s is expected to add ress wave-hindcas t model
verification and to summari ze spectral data in terms of
height versus pe riod , primary wind direction versus height ,
primary wave direct ion versus wind direction , persistenc e,
etc. Present plans call for initial availabi l it y in 1979.

FNWC intends to archive the remilts of the hindca st
wav e-spectra l pr ogram in a ta pe format. NO*.A is considerin g
includin g th e Na vy wa ve spect ra as part of the Nat iona l
Oceanographic ‘~ata Center data libra ry .

The Corps of Engineers is also developing a directional
wa ve spectra l a~ las , based on 26 years of augment ed
çres sur e-derived wind data , to meet its specific needs in
coastal waters. The program is designed to provide wave
spectra for 169 location s along the east coast of the United
States in about SO feet of water . The proqrae starts in
deep water  with computation at 100-mile grid s~acinqs and at
6-hour i ntervals. Over the cont inental shelf , grid spacings
of 10 to 90 mi les are used in 3— to 6—hour compitat ions. In
the near shore from SO feet deep to the beach , 10—mi le qrid
inte rvals are to be used at time intervals of I to 3 hours .

The North Atlantic coastal wave spect ra l atlas is
expected to be completed in late 1979 and tha t for coasta l
waters of the North Pacific at a later date. Although the
pro gram has been designed to provide statistics f  or the
coastal waters , c~~~ uted direct ional wave spectr a for each
of the ocean basins are a pr erequisite and should be useful
to th e  marine community.

The Army hindcast wave spect ra l pr ogram has not
prog ressed to a point where a rchivinq standa rds have been
resolved ; however, it is intend ed to archive all the useful
data gene rated in the pr ogram.

Forecast ~~ve ~~ectra
The Na vy cur rently has an operatio nal wave-spect ra l

ana lysis and forecasting program at F1~~ in Monterey. Und~~this program, ana lyses and pred ict ions of directional wave

12

I



t st~~ tra drw prod~~ ed at 12—hour intervals for tn~ northernh misphE ’r e oceans. The prog ram has been in use for about •
— ~

- ye~ re. Data res ultin g from the pr ogram are arch ived at
FNWC.

Verification

The wave epsotral moda l used by the Navy TNWC has
a% derqone a var i.ty of verification efforts over the paSt
decade . Most of which were comparisons with point spect ra .
Promi nent among these was a 6-mont h effort  that involved

• comparisons with NOAA wave-spectral measurement data. More
recent ly, measured waves and analyzed and pred icted waves
have been compared during instrumented sea trials and wave-
rider measurements in cooperation with the Netherlands. A
2- to 3-year prog ram in cooperation with the Coast Guard and
‘larA d wi ll be started in 1979. Th. ship ~JSNS Furman will be
instrumented to record response under a variety of
cond itions for t ransits between the U.S. west coast and the
western  Pacific.  NOM data b wy  wave measurements will be
used for ver i f icat ion with each ship passage. Furt her
systematic verif ication is requi red. For this purpose, it
t~ i mportant to identify a network of ground t ruth station s
tha t ars rea sonably represenative of the wide range of wave
conditions that can occur over the oceans of the world. A
recently developed directional spectra sensing capabilit y by
the NOAA Data Ruoy Program can be useful  in providing the
means of ve r i fy ing  the wave spectra model.

COt~~LUS1Qt~
1. The recommendations for  research and the prio rities

proposed in SSC- 268 (Appendi x A of this report) are
endorsed.

2. The princi pa l wave—d at a prod ucing agenc ies in the United
Stat•s are

• MOM (oc,an and cont inental shelf) ;

• U.S. Army Corps of tnqine.rs (coastal) ;

• fl. s. Na vy ~l e~ Numerical Weather Centra l (oceuiand continental shelf);

• U.S. Coast Guard $ reat Lakes); and
• . of f~~ ore deve lopers (continenta l shelf; data

proprietary) .

3. The present wave data ba se to meet the developing needs
of designers of W~tp and offshore st ruct ure., regulato ry

13



J bodies, and operators is incomplete. To complete itusing only ~~ situ mea surement metbods such as buoysa ppea rs impractical. However, these do have importantuse in the col lection of data for mpecial areas ofinteres t , particular ly whare severe seas are known tooccur , and for verificati on and calibration of hindcastand satellite measur ement techni ques . The two mostpromising means of developing the requ ired waveclimatology appear to be (a) by hindca.t m g  tichniguesand (b) by satellite obesrystions. Hindcost jnqtechniques, which can prod uce broad-ba nd directionalspectra , are well adva nced but requi re addit iona lverification. Satel lite techniques and hardwar , will
— not be available for some years. In view of the loms ofEEASAT, early establishment of a wind- and wave-sensingsatellit e is encouraged.

S. Visua l observations by mariner. continue ; alt heuqh theseobservations cannot provide quantitative (spectral)data, they are valuable for estimating lonq-ter. wave—height distribut ion.

S. Present formats for reporting visually observed dataappear adequate. For asured data , for which automat icdata processing thod s are now COmmon, there appears tobe no pressing need for m i t  iat ices to develop specialformats ,

6. There is a need for a forma t foz  archiving directionalF spectra , which are becoming availab l e via hindcastinq.
7. The amount of wave dat a that will be prod uced bysatellite sensors is potent iall y enormous . The matterof how it can be managed, ana lyzed , archiv ed , andretrieved and by whom needs to be addresse d.
S. Li nked with the prableme of managing, archiv ing andanalysis of the larg. masses of wave dat a tha thindcast i nq and satellites are ezpected to produce isthe need to reduce this information to useable familiesof Spectra that will correctly represent long-term wavecondjtjo~s to serve the practical needs of users such asdesigner. and regulatory bodies.

9. The quantity, type, and dist r ibut ion of propr ietary wavedata are unknown, but this is possibly an important datasource.

10. Quantitat ive state ment s rega rdi ng required accuracy ofasurs t~t~ and rang, of frequencies to be measure dwill requi re f urthe r resea rch. In part icular , the highf requency port ions of sea spectra, which are importantIn fatigue, need definition .
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11. Development of a sat is factory shipborne wave-height
sensing system is still not in hand. Such a system
would allow much-needed measured wave data to be
acquired in shipping lanes to support the needs of ship
designers and operat ors.

12. The conditions that lead to the occurrence of abnormal
waves , such as those that occur off the sout heast coast
of A frica, need to be researched .

ACKNOWLSDGMENTS

F The authors wish to acknowledge the discussions, draft
revisions, and support given by various me~~ers of the Ship
Structure Subcommittee and their associates • Particular
thanks go to

Ms. S.M.L. Bales , David Tay lor Naval Ship P~D Center;

Capt. J.W. Roller (USN Retd) , Marine Board, Nat ional
Research Council:

Dr. N .H . Chen , America n Bureau of ~~ippi nq;

Mr. H .P. Cojeen, U.S. Coast Guard;
t Mr. £. Co.stock , Na va l Ship Engineering Center;

Dr. E. Cusuins, David Taylor Nava l Ship FSC Center ;

Dr. D. Hoffma n, Hoffman Maritime Consult ants;

Dr. D. Liu , American Bureau of Shipping ;

Dr. W.M . Mac lean , Maritime Administrat ion ;

Mr. D. C. Pau li , Marine Board, Nat ional Research
Council;

LCDR T.R. Robinson , U.S. Coast Guard ; and

Mr. D.A. Walden , U.S. Coast Guard.

The paper wa s revised to incorporate a number of
valuable suggest ions for improvements by the following
reviewers of the penultimate draft:

Dr. P.A.  Barr , Hydronautics, Inc.;

Mr • A.!. Brant • Tippet s- M**tt-Mccarthy-Stratton ;

Mr. L.R. Glosten, L.R. Glosten S Associates , Inc. ;

Mr. P.M. K imon o Exmon Intern ational Co.;

15

- — - -- -

—-- --- - ---—- - - -----— - -- - — - —



-
~~~
-

~
--- - --- -

~
------- - — -  - -  

~~~~~~~~~~~

Mr. W .H. Michel, rr i.d. $ Goldman, Ltd.~
Prof. H.!. Sheets, University of Rhode Isl~~ d; and

Mr. J.I. Steele, Naval Architect , Consultant .

S

1$



_ _ _ _ _  
- -  ~~~~~- - -~-- -- -—- —

- — — - ---— 

From SSC- 268, ~~yi ronmentaL Wave Data to~~ Determinino HullStruct1I~j l Load i~ g,~~ by D. Hoffman and D.A. ~alden

II. A RE SEARCH PLAN

-: One of the principal objectives of this project was to
• deve lop a resea rch plan for the acquisit ion of required

additional ocean wave data , arid their translation into a
form useab le by hull structural designers. On the basis of
the survey given in the following cha pters , recommendation s
for short and long-ra nge research are given here . In
addit ion to the  proposed research projects themselves,
however, conside ration should be given to setting up a
cent ral management or coordinating project to oversee the
acquisit ion of data for use by nava l architects. One object
would be to keep all interested part icr informed as to what
projects are being underta ke n and who is sponsoring them.

Some of the projects listed below could pr~~ uce
immediately useful data if undertaken prompt ly , while others
would not be product ive for some t ime. A discussion of
recownded priorities is given at the end of the chapter.

Hinds i~ht Technioues

1. Evaluation and refinement of existing wave hindcast
proqra . The only suitable procedure in active operation
is that of the Navy Fleet Nu merica l Weather Cent ral (Ft~WC)
in Monterey. A continui ng, routine checking and
verification process should be carried out , comparing

f hindca.t spectra with those calculate d from wave
measurements at data buoy. or weather ships. As
impr ovements in the hindca st procedures are mad., they
should be eva luated by this continuous routine checking. It
is understood that such checking is now being done by P1IWC
to some degree.

Fr om the long-range viewpoint, attention shou ld be
directed to pr ivate foreca sting and hind cast inq procedure.

— (such as that of Ocean Rout .., Inc., Palo Alto , California)
which are being developed to serv, oil well drilli ng
act ivit ies but could perhaps be extended to serv , shippi ng
lines.

2. Development of a comprehens ive h*ndca.t data base.
Afte r the validit y of the FlflC hindcast system has been

S metablished, the data ba se can be developed by statistical
ana lysis of daily spectra for at least a year at selected
loomtions over the entire North Atlantic and North Pacific
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Oceans, and in the Medite rranean Sea. Such a data base has
been referred to as a “wave spectra climatology. ”

It should be noted tha t funds have already been
al located to FNWC for hiiidcasting direct ional spectra back •
to 1955, using the latest r efinements in the hindcast m odel.
Since this is a proj ect of considerable magnitude,
considerable effort shou ld be devoted to improving arid
refining the prediction model (item 1) in parallel with this
lar ge-scale hiiidcasting ef fort .

3. Extension of the hindcast system to cover the South
At lantic Ocean and the b~~stern I ndian Ocean , including the
ocean area in the vicinity of the Cape of Good Hope. Afte r
such a system becomes operat iona l, it should be verified ,
analyzed and applied as in 1) and 2) ahove.

This proje ct may req ui re direc t support from shipping
and ship design interest s, since the Navy has not given it
high priority. Since a long time is required for this work,
no short-term results can be expected.

Development and Us, of WavL Buov,

~ . Deploymen t of buoys. A numbe r of buoys should be
set out , with te leiwtered wave records regularly t ransmit ted
to shore and spectrally analyzed. See Steel, ( 1970) for a
descript ion of the National Oceanic and Atmospheric
Administ rat ion (MOM) Dat a Buoy Office (NDBO) system. The
buoys would be located on important steamship routes,
particularly at locat ions where inadequate wave data are
available. Resulting spectra would be used directly to
increa se the bank of data for designers ’ use .

Consideration should be given to incorporating slope, as
well  as vertical accelerat ion measu rements. Such slope
measurements, while not sufficient to define the directiona l
spectra completely, can give some direct iona l informat ion.
Ca rtwri qht (1961) discusses the limits of such s lope
measurements.

Tent at ive buoy locat ions:

(a) North At la ntic (Grand Bank s, Faraday Sea
Mount)

(b) Near entra nce to English Channe l

(C) North Paci fic (South of Aleut ians)

(4) Of f South Af rica.

18
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Consideration should a lso be g iven to the possible
fut ure use of smaller moored buoys intermediate in size
between the MOM and the WAVEPIDER (Dutch) buoys . However,
the prob lem of collect ing and processing the data—-which has
been solved by NOAA on an almost worldwide basis--must be
dealt with before making practical use of such buoys.
Hence , no Immediate useful results can be expected.

S. Analysis of buo y da ta . Stat istical analysis of
wave spectra should be carried out in a manner similar to
that described in the survey portion of this report, i.e.,
stratified by wave height and analyzed to obtain mean va lues
and standard deviations of spectral ordinates. Spectra
should be used directly as a basis for checking and
evaluatin g the regular hindc aet proced ur es discussed under
items I and 3.

it is recognized that although this approach may be the
most pract ica l and useful for immediate problems in ship
hull design, different t ypes of analy sis in order to improve
the underlying theory of wa ve gene ration , propaga t ion and
decay should also be carried out for long-range usefulness.

~ata fro m Fixed Platfo rms

6. Oil compan y data. Companies engaged in off-shore
drilling operations in various parts of the world have been
viqorou.ly collecting propri etary wave data in various
formats. E f f o r t s  should be made to devise a çrocedure for
making data for area s of interest to shi p oper ation
available generally. This shoul d be more readily
accomplished when a qovernment is involved in the data
collection (as in the ca se of the British Government in the

* 

areas around the British Isles) .

Measurement of Directional ~~~~~~~~
7. Development of technique.. Further development of

methods of obtaini ng accur ate di rectiona l spectra--such as
stereo photoqraphic techn iques--should be pursuad, since
other methods (includi ng wave buoys, item 0) are not
completely satisfactory . Soch acourate direct ional spectra
would provide th. ultimate basis for verifying hindcast
directional spectra.

A more long- rang. approach is the uae of air borne
synthetic aperture radars (SAP) , which still requires
further theoretica l developsent. This approach can
potentially provid, dir ect ional spectra with a very large

• ~~~~er of degrees of f reed om per frequesicy band.
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8. Application of di rect iona l spectra . As more data
in the for. of directional spectra become ava ilable , both
f rom measurement and hindcasting , research is peeded on how
to descr ibe them in a generalised format for design use.
After grouping the spectra by wave height, as has been done
with poi nt spect ra , it is necessar y to descri be the
variabil i ty of wave energy with direction as well as wit~
f requency.

I~~rovement in Shioboard D~~~
9. Analysis of weather ship data. All  wave data

currently being collected by the various weather ships
should be regularly ana lyzed on a continuing basis , in a
msnner simi la r to the da ta f rom Stations I , ~ a~d P. In
para l le l with wave buoy and FNbC hindc ast inq dat a collection
and analysis.

10. Analysis  of observational wave height information.
Dat a acc umulated f rom ships should be analyzed for several
ma j or routes across the At lantic and the Pacific based on
the 6-hourly reports obtained by NOAA , as a mean s of  up-
dating and improving available studies. At least 2-3 years
of past data should be included and the work should continue
on a routine basis (as is now being done for coastal wave
data).

Up-3atinq and extension of wave atla s publication shou ld
be encou raged , as for example the extemsion of Hoqben and
Lomb (1967) to the North Pacific.

11. Development of disposable buoy. E f f o r t  should be
continued toward the development of a all buoy which can
be “shot off the side of a ship, capable of transmitting a
signal for 1~ 2 hour when the ship is moving at 20-30 knots.
Its accuracy need not be greater tha n that of exist ing suali
buoys . Although such a device might have it. primary
appl icat ion to improving the quality of operational wave
data , it would also provide data of value in ship design.

Satellite Svste.~
12. Continued development of satellite wave

measurement. The enormous potential of satellite wave
measuring systems dictates the continuat ion of efforts to
develop a workable system for measuring wave spectra from
spacecra ft , since curr~~it ef fort s are only partiall y
successful.
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PriorktIe~
The above plan covers a large number of areas for

further work, with varying time frame s and cost factors.
Th. following paragraphs atte ~~~ to assign priorities to the
various ar ea s of effort on the basis of obtaining the most
ueeful  information at the least cost in the least time.

It is believed that the j~fl priority should be g iven
to a direct effort to obtain wave spectra for the ocean
areas on important sea routes that are known to experience
severe sea conditions. The most imaediately available
method is the use of moored buoys, as outlined in item 5.

Of a lmost equa l importance is believed to the further
verif ication and improvement of wave hindcast techniques ,
item 1, in order to prepare the way for eventual applicati on
of this approach to obtaining wave spectra for design.

At the same t ime , steps should be initiated that may
lead to the availabi l i ty  of wave data in the future, as
seeking oil compan y data, item 6.

Second pr io r i ty  shou ld he given to f u r t h er  analysis of
available data, items 9 and 10, and of new data produced by
buoy deployment and hind ca st procedures , items 2 and 5.

Attent ion should also be given to the measurement of
dtrectiona l spect ra and thei r  application to design, items 7
and 8.

Third priority should be given to the exterm ion of
hisxlca st techniques to the southern hemisphere, item 3, and
to the development of new techniques for wave da ta
collection , disposable buoys and satellit e systems, it ems 11
and 12.

Included in this category should also be certain long-
term aspects of the various research items , such as:

- New hind cast pr ocedures (item 1)

- Development and use of small wave buoys (item 5)

- DeVelopment of air horne synthetic ap.rature radar
(item 7).
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• The paper consists of three parts. Firit is a s~~s~ary of the wave data need s of -

~three classes of inaritirie interests : (a) designers of ships and floating and fixed
‘offshore platforms , (b) regulatory bodies and clas sification societies primarily
interested in safety and environmental protection , and (c) operators concerned with
ship routing and offshore act iv ities such as oil and nnnera l recovery and energy
production . The second part is a sumnary of the status of wave data , and the t h ir d

~part is a set of conclu sions.

The present wave data base to meet the developing needs of designers of ship and
offshore structures , regulatory bodies , and operators is inc~~~lete . To complete It
using only j~ situ measurement methods such as buoys appears impractica l * However ,

- these do have important use in the collection of data for special areas of interest,
particularly where severe seas are known to occur , and for verification and calibra-
ti on of hindcast and satellite measurement techniques. The two most promising means
of developing the required wave climatology appear to be (a) by h4ndcasting techniqueS

- and (b) by satell ite observations . Hlndcasting techniques, which can produce broad-
- band directional spectra, are wel l advanced but require additional verification .
Satellite techniques and hardware wi l l  not be available for some years . Visual ob-
servations by mariners continue , although these observations cannot provide quanti-
tative (spectral ) data , they are viluable for estimating long-term wave-height
distribution .
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— aInomaL sCg~~~ & X%~~~~ Is a pivite, honorary organt iat Ion of more
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rn ‘~~~~ ~~~~4~~t CW~~tt~ was established in igig, at the request fPresident ~ odron Wi lson, by the National Academy of Scisaces to assoc iate the broadc~~ rt1ty of Sc ience and technology with the Academy’s p~a poses of furthering- 
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~ knowledge and of advising the federal governeent . The Council operates In
accordance with genera) policies determined by the ka~~ y by authority of ItsCasgress lon.l charter of 1863, which establishes the Academy as a private, fton-profit,t.lf .gnverntng a~~ership corporation. Adsinistered jointly by the National Acad~~if ki,nces, the National Ac ademy of (ngineering, and the Institute of Medicine (all

-:~ -: Ibree Of which operate under the cbartir of the National Acadeqy of Sciences), theCouncil I, their principal agency for the conduct of their services to the govelemant,the public, end the scientific and eng ineering c~~ sit1es.
Supported by private and public contributions, grants, and contracts, andvoluntary contributions of time and •ffort by several thousand of the nation’s leadingscientists and nglniers, the Academies and their Research Council thus wart to servethe national interest , to foster the sound development of science ~~ engineering,and to ponote their effective application for the benefit of society.
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C~~1sstsn on Socioteciwilcal Systems of the National Research Council. The role
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