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In 1977. the Ship structure Committee (SSC) published 
report ssc-268. Environmental wave Data fo r Determining Hull 
Structural Loa dings. by D. Hoffman an d D.A. Walden. �be 
reco mmendations c onta ined in that report are included as an 
append ix to this paper . A fter c onsi dering the se 
recommendations the sse requested the Ship Resea rch 
Committee (SRC) o f  the National Academy of sciences t o  
develop a paper that would sumnarize the wave dat a n eeds of 
designers of wave-loaded structu res to inform wave data 
collectors of the uses f or such data and the general 
c overage and form desir ed. �his paper is the res ponse to 
t.hat request. 

The paper consists of three parts. First is a sum111a ry 
of the wave data needs of three clas ses of maritime 
interest s: (a) designers of ships and floating and fixed 
offshore pl atform s. (b) regulatory bodies and cla ssification 
soc ietie s primarily i nterested in safety and environmenta l  
protection. an d (c) oper at or s conc erned with ship routing 
and offshore activities such a s  oil a nd mineral recov ery and 
energy productlon. The secon d part is a s ummary of the 
status of wave data. and t he thi rd pa rt is a set of 
conc lusions. 

USEP NEEDS FOR WAVE Dl\:tA 

Ship Design 

Unti l a stati stic al o r  probabilistic approach wa s ta�en. 
the random and.variable nature of the seaway def ied efforts 
to develop the quantitative desc riptions n eeded to apply the 
basic laws o f  hydro dynamic s to the prediction of f orces on 
qhips and other w ave-loaded structu res. Since 1953. when 
St. Denis a nd Pierson's paper 110n th e Motions of Ships i n  
Confused sea s11 appeared in the SNAME Transactions. dynamic. 
probabi list ic treatment of the seaway and s hip response has 
.:ulvanc ed rapidly. Mathemati c al models of the seaway • D'.Odels 
relating th e s eaway to wind fi elds. and ma thematical models 
of ship response to wave loading are stil l evolving. such 
models permit e stimates of values of wave height that define 
the design bending moment in ships and maximo� loads on 
other ocean structures. These also permit treatment of 
other wave co mponents of the seaway 'that produce vil:ratorv 
responses in ship s a nd flo ating a nd fixed structures that 
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are important in the consideration of fatigue. The common 
denominator in all th is is a spectra l representation of the 
seaway that defines the distributi on of wave heiqhts aqa inst 
the frequencies an d directions of the compon ent waves. 

The traditional method of assessing ship strenqth 
involves poising the ship statically on a "st andard11 wave of 
lenqt h equal to the ship length. The calculated hull­
bending stresses provide a means of comparison with previous 
ships, and a larqe body of experie nce provides, in effect, a 
data bas e for judging adequacy. This is a val id approach as 

long as the range of experience, in terms of ship size, 
speed or confiquration, is n ot exceeded. very l arge ships, 
hiqh-speed ships, hydrofoils, surface-effect s�ips (SES), 
multihulls, floating platforms (e.g., offshore thermal 
energy conversion platforms--OTEC) that lie outside t he 
range require a different, more sophisticated approach to 
structural design, if a realistic answer is wanted. 

When consideri ng the question of wh at practical use will 
be made of an improved and more comprehensive �ave data 
bank, the design of the next qeneration of LNG ships comes 
to mind. The enormous amount of flared gas going to waste 
in the Middle East remains a tremendous energy resource 
potential that should soon h ave a profound effect on LNG 
shipments. 

Although present classificati on society rules for 
stren gth cover current standard 125, 0 0 0  cubic meter class 
LNG ships, they are not entirely sat isfactory. Ships in the 
300,0 00 cubic-meter class now on the drawing boards have 
similar overall dimensions of length and beam to ultra-large 
crude carriers; however, their finer lines and greater speed 
will cause them to respond d ifferently to wave loadinq. 

A phenomenon that is emerging as important in larqe 
Gre at Lake bulk carriers and may be significant also in 
large, high-speed ships, such as LNG carr iers, is that of 
•springing.• In some cases the amplitudes of springing can 
be large, and hul l bending stresses approaching the leve l of 
those induced by wave bending h ave been observed. In the 
lifetime of a ship, the number of stress reversals in 
sprinqing cou ld conce ivably be large enou gh to approach 
fatigue f ailure l imits. 

Rational design of hull structure for strength, fatigue, 
and deflection a nd design of cargo tanks against sloshinq 
and other dynamic forces, depend directly on loadinqs and 
motions derived from known critical se a-state enerqy 
spectra. 

Even for conventional ships that lie withir. the ranqe of 
experience, the press for design refinement to save weiqht 
and improve the deadwe ight/displacement ratio, fuel 
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consumption, and speed requi res realis�ic wave-load data. 
For all ships, �he s�udy of fa�igue, slamming, and wave­
induced vibratory stresses requires a des cription of �he 
magnitude, frequency, and dis�ributions of waves the ship 
may be expe cted �o encou nter .  

Flaa.ting and Fixed Structures Design 

Although, �o date, most operational and planned offsho%e 
mining operations have used ships, l arge and unship like 
floating structur es are bein g  designed for off shore oil 
drilling, mininq, and energy conversion. Precis e 
positioning a nd motion prediction or control require a 
reliab le desc ription of the wave environment. A good 
example is the OTEC p roject, where concepts in volving pipes 
3000 feet long and 50 fee� in diameter suspended from a 
large floating structure obviously require careful dynamic 
analys is of the wave-induced motions , for ces and struc�ural 
response. 

The des igners of fixed offshore s tructures use w ave data 
somewhat differently from ship designers, but they need a 
simi lar s pec�ral de sc ription of the seaway. Their concer n 
with wave heigh�s re lates first to the sel ection of platfcrm 
clearance above �he wa�er surface with respect t o  �he 
highes t wave t.o be reasonably ex pected, e.g., the "100-year 
wave." The designer of fixed structures and the designer of 
stationary floating s �ructures are concern ed wit h  wave d raq 
forces exerted on the le gs and cross members of such 
structures, whereas the ship designer is more concerned with 
�uoyancy forces and rigid -body added mass and dam ping. 
Because offshore structu res are designed to have lonq 
service lives, wave- induced fatigue is an important 
considera�ion for structural elements having natural 
frequenc ies of vibration corresponding to frequencies of 
componen t waves that co nta in significant energy. In 
addition to the direct interaction of waves and structures, 
the des igner of fixed structures may also have to take into 
account the interaction of waves with foundation soils and 
forc es on s�ructures exerted by wave-induced motions of ice. 

Other Design Uses 

The same sort of wave data required to design marine 
structures is needed for motion analyses of ships and 
floating platforms and design of ass ociated control systems, 
e.g., shipborne airc raft landing systems, fire -control 
syst.ems, crane ship operat ions, and control systems and ride 
prediction for hyd rofoils and surface effect ships. 

Shallow-water wave characteristics and an understand in g 
of wave action and currents i n  the surf zone are clearly 
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importan t in the study of beach erosion and the desiqn of 
ha rbors, entrance c hannels ,  breakwaters and shore-front 
structures for the berthing of sh ips or the protection of 
adj a c ent lan d ar eas . 

Use by Regulatory Bqdies apd Cla ssification Societies 

Re gulatory bodies and classificat ion societies concerned 
with sa f ety and environmental protection use wave data in 
much the same way as the structural des iqner. Indeed, much 
pioneering work in the a nalysis of wa ve loadin g of ships and 
other marine structures has been done by the classification 
societies. 

use by Operators 

wave foreca s ting is a grow ing area of acti9ity that 
ser9es ship ope rators an d offshore o il, mining, and energy 
interests. Much of the work that has gone into the 
development of forecasting and hindcasting techniqu es has 
been sti mulated by operational needs. 

Table 1 summariz es the range of wa ve -data users and 
their princi pal areas of interest. 

coverage 

Because it is patently i mpractical to fully chara cterize 
the se away for all ocean areas, some sort of priority must 
be e stab lished for obtaining the desired coverage of those 
areas of interest because of shipping or ocean engineering 

activity. (see Appendix A.) Data al ready exist in varying 
amounts and qual ity for certain ocean areas, seas and lakes. 
Table 2 gives, in a coarse way, the av aila bil ity of wave 
data for the principa l areas of interest. 

In Table 2, "observed data " re fers to observations taken 
aboard ships at sea. These are routinely reported in a 
standa rd format to NOAA. �ve height, period, and direction 
are •eyeballed", so the data are necessarily approximate. 
It is primarily useful in making estimat es of long-term 
distributions of wave beigbt and period. "Measured data" 
refers to spectra deriwd from !D si tu measurements of wav e  
height, usually in the form of a continuous trace o f  wave 
height against time, taken on a weather ship, tuoy, or fixed 
st ru cture . These data take long periods to accumulate and 
then must be converted to spectral form, w hich requires 
considerable computer time and insigh t on the part of the 
processor to ensure reliable output. "Hindcast data" refers 
to spectra generated by a mathematical model using 
atmospheric pressure fields to compute wind fields, wh ich 
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TABLE 1. U.S. USERS AND THEIR PRINCIPAL NEEDS FOR WAVE DATA 
• 

PRINCIPAL AREAS OF RESPONSIBILITY OR INTEREST 

SAFETY, RESEARCH AND 
STRUCTURAL ENVIRONMENTAL OPERATIONAL DEVELOPMENT 

USERS ADEQUACY PROTECTION EFFECTIVENESS IN APPLICATION 
OF WAVE LOADING 

r----·· 
DES I GNERS 

Commercial Ship Design Offices X X 

Mar·Ad Ship Design Offices X X X 
USCG Design Office for USCG Ships X X 
USN-NAVSEA Ship Design Divi s i on X X 

Co:r.nercf a 1 Offshore Structu re X X 

REGULATORY AND CLASSIFICATION BODIES 
USCG !-terchant f�arine Technical Office X X X 

USGS Verification Office, Conservation X X X 

Div i sion 
USA CorDs of Enqineers X X 

Aff,erican Bureau of Shipping X X 

OPERATORS 
�1arAd Research and Devel opment Office X X 
Petrol eum I ndustry X X X 

Offshore IHning. and Enerq·f Interests X X X 

Ship Forecasting and Rout ng Services X 

RESEARCHERS 

David Taylor Naval Ship Research X X 

and Development Cenfeb 
Universities and Pr i vate a oratories X 

US Armv - Coastal Enqfneerinq Research Center x· X 
US Army - Waterways E xperiment Stati on .X X - .. 
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TABLE 2. WAVE-DATA COVERAGE 

PRINCIPAL OBSERVED MEASURED HINDCAST 
AREAS DATA DATA DATA 

OF INTEREST (SPECTRA ) ( SPECTRA ) 

North Atlantic Good Poor Good 

North Atlantic Coastal Good Poor Poor 

I South Atlantic Poor Negligible NegHgible 

I ! 
I South Atlantic Coastal Poor Poor NegHgible 
I 

I Carribean & Gulf of Mexico Good Poor I Good 

Great Lakes Fair Poor Fair 

North Padfic Fair to Poor Good 
Good 

I 
North Pacific Coastal Good Poor Poor I 

I 
I 

South Pacific Poor Negligible Negligible ! 
! 
I ! India n Ocean Poor to Negligible Negligible 

Fair 
I 
I I Mediterranean 
i 

Good Negligible Good 
i 1 South Africa Coastal Fair Negligible Negligible 

North Sea Good F.air Good 

6 
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are the princ ipa 1 inputs. The se depend on adequate measured 
wave data and associated a tmos phe ric conditions to ve rify 
the parameter s in the model. 

Alth ou gh ge ne rally not addressed d irec t ly in de sign, 
sh ips occasionall y encounter a bnormal ly lar ge, steep seas, 
refer r ed to var io usly as "freak,• •rogue,• or �pisodic" 
waves. �hese de ve lop in c ertain loca t ions becaus e  of 
interaction of w in d, s�ll, and currents. Ve ry little 
information is ava ila ble on t hes e waves bey on d eyewitne ss 
desc riptio ns . A common feature of such descriptions is that 
of e nc ou nte rin g a deep st eep trough followed ty a single 
high steep wave. Huge waves of this type occur un der 

certain condi t iona off the easte rn coast of t he Cape of Good 
Hope. In t his reg ion, st orm swells t ra veling northeastw ard 
fr om the An tarct ic and r ein forc ed by local ga le w inds 
prod uce high seas tha t may be further augmente d an d 
steepene d over the continental shelf. Whe n these encounter 
the southward flow inq Agulhas curren t, extremely steep and 
high waves can develop ; th e •ep is od ic• wave is believed to 
be a pr oduc t of such a combination. A number of cases of 
seve re damage or loss of l arg e s hips to such waves have 
occurred--e.g. , t he  loss of the tanke r World Glory. The 
Gulf Str ea m off Cape Hatteras, the Gulf of Alaska, the 
English Channel, and the Bay of Bisc ay are s ome of the other 
areas where storms and c urr ents cod>ine to pr oduc e 
abno rmal ly high, steep waves. 

Design ing to res ist such extreme seas may be infeas ible 
and the most prac tica l way t o  dea l with the m 111ay be 

avoidance. In eit her case, data on t hese waves and the 
conditions that spawn them are needed to assess the 
poten tia l for extreme loads and to make poss ible t he 
pred ic ti on of occurrence, duration, and s ever ity for 
avoidance. 

Cur rents, their interaction with waves a nd the s ubsur fce 
wave p ro fi les that result, are also i mpor ta nt in the design 
of offshore s truct ures. 

SRectra 

Current design uses the "point" or n o ndir ectiona l 
spectrum a nd , exce pt for a few directional spectra, all 

available measured spectra are point s pec t ra. Directional 
spectra describe the distribution of wave energy as a 
function of di rec tio n as well as fre que ncy . Because of the 

cost and di ff ic ulty o f  measure ment , ve ry few dir ecti onal 
spectra have been o btai ned. I n  o rder to c omplete ly describe 
the perfo rmanc e of a ship in a se awa y, the d es ign er would 
like to have di rec tiona l spectra, and such spectra a re now 
bec omi ng avai lable by hindcasting . The added parameter 
con sidera bly complicates the matter of data archiv ing. 
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Study is needed to evolve a suitable format for dealing with 
direct ional wave spectral dat a. 

The shapes of actual spectra are only approximated by 
mathematical s pectra. The ISSC two-parameter spectrum, 
which is characterized b y  the significant wave height and 
average wave period, is widely used. These parameters c an 
be co rre la ted with the average wave height s and periods 
routinely reported by mariners. The accumulation of these 
visually observed heights and periods provide a picture of 
the long-term distribution of these parameters for v arious 
ocean areas. These coupled with mathematica l spectra per�it 
estimates of extreme values to be made. 

Recently mul tiparameter formulati ons, such as a six­
parameter f ormulation by Ochi, have been proposed that allow 
actual spectral shapes to be more closely approximated 
mathematically. The improved definition of the high­
frequency "tail" of the spectrum that is afforded by this 
type of for mulation will be helpful in the analysis of 
springin g in shi ps a nd the vib ratory response of structural 
elements in other st ructures. The JONSWAP project has 
compiled much North sea wave data an d proposed a 
multiparameter spectrum that has gained wide acce ptance. 

WAVE DATA STATUS 

Visual Obser vations 

�ariners have been observing and reporti ng wave and 
other env ironmental condit io ns for many years. Individual 
observations of wave conditions may over- or under-estimate 
wave hei ghts and periods. However, these erro rs tend to 
average out over many observations, and the total presents a 
statistically acceptable picture of the long-term 
distribution of significant wave heights and average 
periods. As part of a WOr ld Meteorological organization 
shipboard data collection effort, the Nationa l Oceanic and 
Atmospher ic Administration (NOAA) supports a lar ge-scale 
cooperat ive vessel-of-opportunity program. �hrough this 
program, which is augmented by Nav y and Coas t Guard data, 
appr oximately 1900 marine observations (including visually 
observed wave di rec tion, height, and perio d) per day are 
available worldw ide, principally along the major shipping 
routes. NOAA's National Climatic Center maintains a file of 
these visually observed sea, swell, and wave data as part of 
a col lection of me teorological observations from most of the 
marine meteorolog ical source s in the world. 
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�ured waves lin situl 

In order to derive spectra, at least 20-minute 
continuous records of wave height versus time are needed. 
Typica l of such d ata are the records taken by British 
weather ships in the North Atlantic, e.g., the st ation 
"Indi a" data. Most in §!ty measurements of deep-water waves 
in the future will probably b e  taken by buoys . It is noted 
that no wave measurements beyond the continental shelves are 
being taken or currently planned by any u.s. agencies. 
NOAA's Data Buoy Office is testing a buoy cap atle of 
measuring directional wave spectra. Work continues on 
shipboar d height sensing devices, which along with the 
associated motion measurements are the key to a shipborne 
wave- height measuring system, but no satisfactory system is 
in hand aa yet. lD .!1.t!! measurements cannot provide enough 
coverage to deve lop a worldwide wave climatology. A primary 
role of in !!19 measurements now a ppears to be to supply 
detailed, accurate actual wave data that can be used t o  
verify or calibra te other methods capable o f  providing the 
needed global covera ge, i. e., hindcasting and satellite 
wave-measuring techniques. The NOAA data buoy pr ogram is 
confined to u.s. coastal waters. At present, 19 buoys are 
deployed--7 on the east coast, 3 in the Gulf of Mexico, and 
9 on the u.s. west coast, including the Gulf of Alaska. 
Most of the buoys are capabl e of recording wave data twice 
daily in 12 to 50 frequency bands, from which significant 
wave height and avera ge wave period are derived and made 
available over meteorological conmunications circuits. The 
information recorded from the buoys is forwarded to the 
National Oceanographic Data center for further 
dissemination. 

The u.s. Army Corp s of Engineers is concerned with the 
design and effectiveness of shoreline structures to minimize 
damages to c ivilian works and to beaches. In support of 
this work, the u.s. Army's c oastal Enqineering Research 
Center has a smal l wave- gauqing program on the u.s. east 
coast and plans a major wave-mea surement program along the 
California coast. 

A coastal wave-monitoring program under development at 
NOAA is in part a cooperative effort involving other federal 
agencies. The program, init iated largely in response to 
requests from the u.s. Geological S�rvey and the Corps of 
Engineers, includes: 

• Plans fo r hindca st model verification; 

• Use of these models to predict extr ea.e-wave 
conditions; 
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• Me asurements using small 11waverider" tuoys 
(developed by the Dutch) and instrumented o ff shore 

platforms; 

• support for researc h  and development of coastal 
wave moni toring rad ars; 

• Prov ision of re al-time wave dat a for �arine 
for ecasts; and 

• Development of wave-da ta archives fo r v arious 
applications. 

It shoul d be no ted that different users ha ve diff erent needs 
with respect to wave data and models and t ha t  the models and 
verification a sp ects are tailored f o r  specifi c uses. 

Potential sources for wave dat a to augment the coastal 
wave monitoring program are the offs hore developers, who are 
requir ed by law to col lect wave data off the Atlantic coa st 
in c onjunction with expl oratory drilling operati on s. These 
data are pro prietary, but the developers are required to 
make them available to USGS and they will ultimately become 
public. 

The National oceanographi c Data Center h as developed 
formats for archiving both raw and analyzed measured wave 
data a long with supporting meteorological an d ocean current 
data for the sam e time and l ocati on. The formats have been 
reviewed within NOAA and are presently being reviewed by 
major wave-data collectors in the Uni ted states. 

The Army Coastal Engineering Research Center, in support 
of the p lanned expan sio n of its co astal-wave data­
measurement system, is working with an Ocean �ave Statistics 
subcomndttee of the American SOciety of Civil Engineers and 
vario us federa l  agencies o n  the development o f  standard 
f ormats for sampling, record length, observat ional 
frequency, measurement units, and raw-data forma ts for the 
archiving of coastal-wave data. 

The Instit ute of Ocean Science s, Wormley, Enqland, 
following an offer to become the worldwide Responsible 
National oceanographic Dat a Center for waves under the 
Int�rqovernmenta l oce anogr aphic Commission, has developed a 
format under its Marine Inf ormation an d Advi sory Service f or 
inventorying wor ld wave data obtained from in situ 
measurements. 

�llite wave Measurements 

Wave data collection by satellite offers the p otenti al 
for deve loping a worldwide wave climatology. satellite 
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measurement techniques are still in the developmenta l stage, 
and production of use ful data is several years away. Since 
April 1975, the GEOS 3 satel lite has been measuring wave 
heights along its track by means of a radar altimeter to 
about �0.5 meter accuracy and covering an instantaneous area 
aver aging approximately 5 Janz. SEASAT A, which was launched 
in July 1978, was expected to obtain radar altimeter wave­
height measurement to an accuracy of about �0.25 meters. 
About 100 days o f  data were recorded before the failure of 
SEASAT A; these data have undergone only a limited 
evalu ati on. Additional 11pro of of concept" measurements 
taken by SEASAT A were wave length by means of a synthetic 
aperture imaging radar wind speed by a microwave radiometer, 
and wind direction and speed by means of a microwave 
scatterometer. In spite of the limited nature of the da ta 
obtained in the 10 0 days of SEASAT A operation, the output 
is reported to be encouraging. This information will be 
useful in the development of a National Ocean satell ite 
Program for the early 1980s that is now in the planning 
stage. SEASAT A measurements of wind and waves will also be 
useful in a verifica tion program for the hindcast wave­
spectra effort. However, "ground truth" data, 
representative of the wide range of oceanic wind and wave 
condit ions, must be collected and used to estatl ish the 
credibil ity of the satellite sensor s ystems. 

The potentia 1 for obtaining wind direction and speed 
data as well as wave-length spectra in the southern 
hemisphere may eventually facilitate the deve lopment of wave 
spectral data for the oceans south of the equator. The 
resolution lim itations f or wave-length measurements (SO feet 
or great er) and the limited success to date with satellite 
wind mea surements impose problems. However, the combination 
of mea surements that have been made on SEASAT encourage the 
belief that worldwide wave s pectral data may be ·obtainable 
in future satell ite measurement programs. 

Although the Space Data Center of the National Satel lite 
Center h as been considering the problem of archiv ing 
satellite-derived wave dat a, as yet no system has been 
esta blished to accomplish this. 

Hindca§t wave Spectr a 

The Fleet Nume rical weather Central (FNWC) of the u.s. 
navy is presently computing a hindca st wave spectra 
utilizing historica l pressure patterns over the northern 
hemis phe re. Directional wave spectra (12 directions and 1 5  
frequencies) a re compiled for three hourly intervals at grid 
points spaced a pproximately 200 miles ap art. �o date, 11 
years of North Atlantic an d 12 years of North Pacific 
hindcasts have been computed, with a n  additional q years 
antic ipated for each ocean under the present effort. The 
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need for more ye ars of eff ort beyond this wi ll be evaluated. 
The FNWC is currently testing an improved analysis and 
prediction model that deals with wave propagation in as many 
as 24 directions at 15o increments. A doubling of the 
number of directions of propagation (12 to 24) can double 
the computer time and, therefore, must undergo careful 
consideration prior to implementation on an operational 
basis. 

The Navy is in the process of preparing a wave spectra 
atlas that is expected initi ally to be bas ed on 5 years of 
computed wave sp ectral dat a in the North Atlantic ocean. 
The atlas is expected to address wave -hindcast model 
verification and to summarize spectr al data in terms of 
height versus period, primary wind direction ver sus height, 
primary wave direction ve rsus wind direction, persistence, 
etc. Pr esent plans call for initial availability in 1979. 

FNWC intends to archive the results of the hindcast 
wave- spectral program in a tape format. NOAA is considering 
including the Navy wave spectra as part of the National 
oceaftographic Data Center data library. 

The Corps of Engineers is also develop ing a directional 
wave spectral atlas, based on 26 years of augmented 
pressure-derived wind data, to meet its specific needs in 
coastal waters. The program is designed to provi de wave 
spectra for 169 loca tions along the east coast of the United 
states in about 50 fee t of water. T he p rogra� starts in 
deep water with computation at 100-mile grid spacings and at 
6-hour intervals. over the continental shelf, qrid spacings 
of 10 to 90 miles are used in 3- to 6-hour computations. In 
the near shore from 50 feet deep to the beach, 10-mile grid 
intervals are to be used at time intervals of 1 to 3 hours. 

The North Atlantic coastal wave spectral atl as is 
expected to be completed in late 1979 and that for coastal 
waters of the North Pacific at a later date. Although the 
program has been designed to provide statistics for the 
coas tal waters, computed directional wave spectra for each 
of the ocean basins are a prerequisite and shoul d be useful 
to th� marine community. 

The Army hindcast wave spectral program has not 
progressed to a point where archiving standards have been 
resolvedi howeve r, it is intended to archive all the useful 
data generated in the program. 

Forecast wave Spectrs 

The Navy currently has an operational wave-spectral 
analysis and forecasting program at FNWC in Monterey. Under 
this program, analyses and predictions of directional wave 
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spectra are produced at 12-hour intervals for the northern 
hemisphere oceans. The program has been in use for about q 
years. Data resulting from the program are archived at 
FNWC. 

Bd,ficatioo 
The wave-spectral model used by the Navy FNWC has 

undergone a variety of verification efforts over the past 
decade. Most of which were comparisons with poin t spectra. 
Prominent among these was a 6-month e ffort that involved 
comparisons with NOAA wave-spectral measurement data. More 
recently, measur ed waves and analyzed and predicted waves 
have been compar ed during instrumented s ea trials and wave­
rid er m&asurements in coop eration with the Netherlands . A 
2- to 3-year program in cooperation with the Coast Guard and 
MarAd will be st arted in 1979. The s hip USNS Furman will be 
instrumented to record response under a variety of 
cond itions for transits between the u.s. west coast and the 
western Pacific. NOAA data buoy wave measure ments will be 
used for verification with e ach s hip passage. Further 
systematic verif ication is required. FOr this purpose, it 
is important to identify a network of grou nd truth stations 
that are reasonably represenative of the wide range of wave 
condit ions that can occur over the oceans of the world. A 
recently develop ed directional spectra sensing capability by 
the NOAA Data Buoy Program can be useful in providing th e 
means of verifying the wave spectr a model. 

COR:LUSIONS 

1. The recommenda tions for research and the priorities 
proposed in ssc-268 (Appendix A of this report) are 
endorsed. 

2. The principal wave-data producing agencies in the United 
St at es are 

• NOAA (ocean and continental shelf); 

• u.s. Army Corps of Engineers (coastal); 

• u.s. Navy Fleet Numerical we ather Central (ocean 
and continental shelf); 

• u.s. Co ast Guard (Great Lakes ); and 

• Offshore developers (continental shelf; data 
proprietary) • 

3. The present wave data base to meet the developing needs 
of des igners of ship and offshore stru ctures, regulatory 
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bo dies, and oper ators is incomplete . To complete it 
using only !n situ measurement methods such as buoys 
appears impractical. However, these do have impo rtant 
use in the coll ection of data for spe cia l  areas of 
inte rest, pa rticularly where severe se as are known to 
occur, and for verification and calibration of hin dcast 
and satellite measurement technique s . The two most 
promising means of de vel oping the required wave 
cl i matology appear to be (a) by hindca sting techniques 
and (b) by satellite observations. Hindcasting 
techniques, which can produce broad-ba nd directional 
spectra, are well adva nced but require additional 
verification. satellite tec hniques and hardware will 
not be available for some years. In view of the loss of 
SEASAT, early establ is hme nt of a wind - and wave-se nsing 
satellite is encouraged. 

11. Visu al observa tions by ma rine rs continue; although these 
obse rvati ons cannot provide quantitative ( spectral) 
data , t hey are valuable for estimati ng long-term wave­

he ight distribution. 

5. Present formats for re po rting vis ually observed d a t a  
appear adequate. For measured data, for which automatic 
data process ing methods are now conmon, there appears to 
be no pressi ng need for in itiati ves to develop special 
formats. 

6. There is a need for a format for archiving directional 
spectra, which a re becoming available via hindcasting. 

7. The amount of wave d ata that will be produced by 
satellite sensor s is potentially emrmous. The matter 
of how it can be managed , analyzed , archived, and 
ret�ieved and by whom needs to be addressed. 

8. Linked with the p roble ms of managing, a rchivi nq an d 
analysis of the la rge masses of wave data that 
hindc ast ing and satellites are expected to produce i s  
the need to reduce this information to useable families 
of spectra tha t will correctly represent long-term wave 
condition s  to serve the practical needs of use rs such as 
designers and regulatory bodie s .  

9. The quantity , type, a nd distribution of prop rieta ry wave 
data are unknown, but this is possibl y an importa nt data 
source. 

10. Quantitative statements regarding req uir e d  accuracy of 
mea surements and ra nge of frequencie s to be measured 
wi ll re qui re further research. In particular, the high­
frequency po rtions of sea spectra, which are importa nt 
in f atigue , need definition. 
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1 1. Develo pment of a satis factory shipborne wave-height 
sensin g system is still not in hand. Such a system 
would allow much-needed measured wave data to be 
acquired in shipping l an es to support the nee ds of ship 
designers and operat ors. 

12. The condi tions that lea d to t he occurrence of abnormal 
waves, such as those that occur off the southeast coast 
of Africa , need to be researched. 
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APPENDIX 

From SSC-268, ggvironmental wave Data for Determining Hull 
structyr�l Loading§, by D. Hoffman and D.A. �alden 

II. A RESEARCH PLAN 

Gene raJ. 
one of the principal objectives of this project was to 

develop a research plan for the acquisition of required 
additional ocean wave data, and their translation into a 
f orm useable b y  hull structural desi gners. On the basis of 
the survey given in the fo llowing chapters, recommendations 
for short and long-range research are given here. In 
addition to t he proposed research projects theKselves, 
however, consideration should be given to setting up a 
centra l management or coordinating project to oversee th e 
acquisit ion of data for use by naval architects. One object 
would be to keep all int erested parties inforK-ed as to what 
projects are being under taken and who is sponsoring them. 

Some of the projects lis ted below cou ld �reduce 
immediately useful data if undertaken promptly, while others 
would not be productive for some time. A discussion of 
recommended priorities is given at th e end of the chapter. 

Hindsight techniques 

1. Evaluation and refinement of existing wave hindcast 
programs. The only suitable procedure in active operation 
is that of the Navy Fleet Numerical Weather Central (FNWC) 
in Monterey. A continuiDJ , routine checking and 
verificat ion process shoul d be carried out, coKparing 
hindcast spectra with those ca lculated from wave 
measurements at data buoys or weather ships. As 
improvements in the hindea st procedures are made, they 
should be evaluated by this continuous routin e checking. It 
is understood that such checking is now being done by m� 
to some degree. 

From the long-r.ange viewpoint, attention shou ld te 
directed to private forecasting and hindcasting procedures 
(such as that of Ocean Routes, Inc., Palo Alto, California) 

which are being developed to serve oil well drilling 
activ ities but could perhaps be extended to serve shipping 
lines. 

2. Development of a comprehensive hindcast data base. 
After the validi ty of the FNWC hindcast system has been 
established, the data base can be developed by statistical 
ana lysis of daily spectra for at least a year at selected 
locations over the entire North Atlantic and Nort h Pacif ic 
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OCeans , and in t he Mediterranean sea . Suc h  a data base ha s 
been re f erred to a s  a "wave spectra c l imato lo gy. " 

I t  should be noted t ha t  fund s ha ve a lread y been 
a l loca ted to FNWC f o r  hindca sting di rect iona l spect ra back 
to 1 9 5 5, using t he latest re f ine me nt s  in the h indcast mode l. 
Since this i s  a project of consi derable magnitude , 
considerable e f f ort shou ld be devoted to i mprovi ng and 
re fi ning the pre d iction mode l (i tem 1 )  in par a ll e l  wit h t h is 
la rge - sca le hi ndca sting ef fort .  

3.  Ext e ns ion o f  the hi ndca st s y s te m  t o  cover the south 
At la nt ic ocean a nd the weste rn I ndia n oce an , i nc ludi ng t he 
ocean area in the vic inity of the Ca pe of Good Hope . After 
such a s ystem become s  oper at iona l ,  it should te ve ri fied , 
ana lyzed and a pp lied a s  in 1 )  and 2) above . 

Th i s  project may req ui re direc t support from shipp ing 
and ship des ign inte re st s ,  s i nce the Navy ha s not given it 
high priority . Since a long time is requi red for t his work , 
no short-term re sults can be expecte d .  

Deve lopment and Use of wav e  Buov s 

4 .  Deployment o f  buoys . A number of buoys shou ld te 
set out , with te leme te red wa ve  records regula r ly transmitted 
to s ho re and spectra l ly analyzed . See St ee le ( 1 9 7 4) f or a 
de sc ript ion of the Nat iona l ocea ni c  a nd Atmosphe r ic 
Admi nist rat i on (NOAA ) Data Buoy Of fice ( NDBO) system. The 
buoys would be l ocated on important steams hip routes , 
pa rt i cularly at locat ions whe re i nadequate wave dat a are 
avai labl e .  Re sult ing spectra would be used direct ly to 
increa s e  the ba nk of data fo r de s i gne rs • use .  

Cons iderat ion should be given to incorporating s lope , as 

we ll a s  vert ica l  acce lerat ion measurements . such slope 
meas ureme nts , wh i le  not suff icient to def ine the d irect ional 
spectra complete l y ,  can give some di rect iona l informat ion . 
Ca rtwright ( 1 9 6 1 )  di sc us se s  the l i mi t s  o f  suc h s lope 
measurements . 

Tent at ive bu oy locat ions : 

(a ) North At la ntic (Grand . Banks , Farad ay sea 
Mount) 

(b) Nea r  e ntra nc e  to Eng li sh Channe l 

(c ) No rth  Paci fi c ( SOuth o f  Al eut ians) 

(d ) Of f south Af ri c a .  
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Cons ideration shou ld a lso be g iven to the po s s itle 
f ut ure u se of sma l le r  moored buoys intermediate i n  size 
betwe en the NOAA a m  the WAV�IOER (Dutc h )  buoys . However , 
t he prob lem of c o l lecting and proces s ing the data--which has 
been solved by NOAA on an al most worldwide ba sis --must be 
dealt with be fore makinq practica l use of such buoys . 
Hence , no immediat e  useful results can be expecte d .  

s .  Ana lysi s  of b uo y  da ta . statist ical ana lys i s  of 
wave spectra shoul d be carried out in a manner s iDilar t o  
that des cribed i n  th e  survey porti on o f  this report , i . e . , 
stra t i fied by wave he ight and ana l yz ed to obt ain mean values 
and standard deviations of s pect ra l  ordinates .  Spectra 
shou ld be used d i rectly as a ba s is for check ing and 
evaluat i ng  the regular hindcast procedures d i scussed under 
items 1 and 3 .  

I t  i s  recogn ized that although th is approach may be t he 
most practica l a nd  use ful for immediate problems in ship 
hul l des ign , di f ferent types of ana lys is in order to improve 
the unde rlying the ory of wave generation , propag at ion and 
deca y sh ould al so be carr ied out f or long- range usef ulne s s . 

Dat a fro m Fixed Platforms 

6. Oil company dat a .  Companie s  enga ged in of f-shore 
dri l l ing ope ra t i ons i n  vario us parts o f  t he world have been 
vigorous ly col lect in g  propri etary wave dat a in various 
forma t s . E ffort s should be made to devise a procedure for 
maki ng d ata f or area s of i nt erest to shi p operat ion 
available ge nera lly. Thi s  s houl d be more readily 
accompl ished when a governme nt i s  involved in the data 
collecti on (a s in the ca se of the Br itish Government in the 
areas around the Brit ish Isles) . 

Measurement of D i rectional Spectra 
7 .  Deve lopment of techniques . Further development of 

method s of obta i ni ng  acc urate directiona l spectr a-- such as 
ster eo p hotographic techniques-- shou ld be pur s ue d , s ince 
othe r me thods ( inc luding wave buoys , item 4 )  are not 
complete ly sati s factory . such a cc ur ate direct ional spect r a  
would provide the ultimate basis for verifying hindcast 
di rectional spectra. 

A more long- range approach is the use of air borne 
syntheti c apertu re radars (SAR) , whic h  still requires 
furt he r  theoretica l  deve lopment .  '!h i s  approach can 
pote ntia lly provide direct ional spectra with a very large 
number o f  degree s of f�edom per frequency band. 
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a .  Appl ication of di rect iona l spectra . As more da t a  
in t he form o f  d i rectional spectra become ava ilable , bot h 
f rom mea surement and hindcast ing , re search i s  peeded on how 
to de scr ibe  t he m  in a gene ra lized format for des ign us e .  
After group i ng  t he spectra b y  wa ve height , as ha s  been done 
with poi nt spectra , it is ne cessary to des crite the 
va riab ility of wave energy with dire ction as wel l as wit h  
frequenc y .  

Improvement i n  Shipboard Data 

9 .  Anal ysi s of weather s hip data . Al l wave data 
currentl y  be i ng collec ted by the var ious weather ships 
should be regula rly analyzed on a continuing bas is ,  in a 
manner s imi la r to the data from stations I ,  K and P, in 
para lle l  with wave buoy and F NWC  hindcast ing data col lection 
and ana lysis . 

1 0 .  Analysi s of observat ional wave he ight information . 
Dat a accumulated from sh ips should be an a l yze d f or sever al 
ma j o r  ro utes across the Atlantic and the Pa c i f ic based on 
the 6-hourly reports obt ained by NOAA , a s  a means of up­
dat ing a nd improvinq a va i l able studie s .  At least 2-3 ye ar s 
of past data sho uld be included and the wor k  should cont i n ue  
on a routine ba s i s  (a s i s  no w  being done · f or coastal wave 
data ) . 

Up-dating a nd e xtension of wave atlas pub l ic ation shou ld 
be encouraged , a s  for example the extens ion of Hogben and 
Lumb ( 1 9 6 7 )  to the North P ac i fic .  

1 1 .  Deve lopme nt of di sposable buoy. E f f ort s hou ld be 
cont i nued ' towa rd the development of a small tuoy which can 
be " s hot "  of f the side of a ship , capable of t ransmitt ing a 
s igna l f or  1 /2 h our when the shi p i s  movi ng at 2 0-30 knot s .  
Its accuracy need not be g re ater than that o f  exist ing s�a ll 
buoys . Although such a device might have it s pr imary 
appl icat ion to improving t he qua l ity of operational wave 
data , it would a lso provide data o f  value in shi p design .  

§atel l it e  system§ 

1 2 .  Continued developme nt of sate llite wave 
meas urement . The enormous potential of satellit e  wave 
measur in g  sy stems dictates t he  conti nuation o f  e f forts to 
deve l op a workable s ystem for me asuring wave spectra from 
spacecra ft , s inc e  current ef fort s are only parti ally 
succe s s f u l .  

20 
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Prioriti es 

The above pl an co ver s a large number of area s  for 
further work , wi th varying time f rame s  and co st factors . 
The f ollowi ng  pa ragraphs attempt to a ss ign pr iorit ie s to the 
various a rea s  of e ff ort on the ba s is of obtai ning the most 
usefu l informat i on at the least coat in the least t ime .  

I t  i s  . be l ieved that th e  first pr iority should be given 
to a di rect e f f ort · to obta in �ve spectra for the ocean 
areas on important s ea rou te s  that a re known to experience 
seve re sea cond i tions . The most immediate ly ava i lable 
met hod i s  the use of moore d buoys , a s out l ined in item 4 .  

Of a lmost equa l import ance i s  bel ieved to the furt her 
verif ication a nd  improveme nt of wa ve  hindca st te chniques , 
item 1 ,  in orde r to prepar e the way f or event ual application 
of t h is approa ch to obtaining wa ve spect ra for des iqn . 

At t he s ame t ime • steps shou ld be initiated that may 
lead to the ava i labi l ity o f  wave data in the future , a s  
see king oi l company data , it em 6 .  

seconA pr iority should be given to further analys i s  o f  
available da ta ,  items 9 and 1 0 ,  and o f  new data produced by 
buoy deployment a nd  hindca st pro cedures , items 2 and 5 .  

Atte nt ion should also be given t o  the me a s urement of 
di rect iona l spec t ra  a nd the i r  appl ication to des ign , items 7 
and 8 .  

Thir� pr iority should be given to the extens ion of 
hindca st technique s to the s outhern hemisphere , item 3 ,  and 
to t he developme nt of new te chniques for wave dat a 
collecti on ,  disposable buoys and satellite s ystems , items 1 1  
and 1 2 .  

I ncluded in this categor y s hould a lso be cert ai n long­
term a s pects of the va ri ou s  re sea rch items , such as : 

- New h indca st procedure s ( i tem 1 )  

- Development and u se o f  smal l  wave buoys ( it em II )  
- Deve lopme nt of ai rborne s.ynthet ic aperature r adar 

( item 7 ) . 

2 1  
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