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Fort E\\1OR D 

The Beach Erosion Boar d i:: issuing a serie s of report s 
providing wave statistic s for ::elected regions of the coastal 
water s of the United State s. ( ,overage of the coast al wa ters 
of Gulf of Mexico is being prol'ided by a series of fi ve reports, 
issued as Beach Erosion Board 'I~chnica l Memoranda 85-89 . The 
need for such data is ev ident. and it is p lanned ultimately 
to supply it by actua l wave me,! surement s for sufficiently long 
periods to establish the wave ': limate at many locations. How­
ever, \'iith present inst rumental ion and funds. and the long period 
of record needed to supply ade,: uate statistical data, such a 
f ield program f or complete s hol e line coverage doe 5 not appe ar 
feasible at the present time. The compilation of wave statistics 
by " hindcast" technique s, thou;h not as exac t as recorded data, 
nevertheless will prov i de the ,:ngineer with be tter wave data 
than have heretofore been available . 

This report presents the lIethods ut ilized in obtaining 
hindcast statist ical wave data for locat i ons in the Gulf of 
Mexico. It demonstrate s a ntlm '; rical method of f orecasting 
wave generation and propagatior over a s loping bottom t aking 
into account both gene ration b'l the wind and dissipation by 
bottom fr iction . It also show ! the averaging techniques used 
to apply this me thod to statis'l ical accumulation of hindca st 
data in the Gulf . 

Th is report wa s prepared l:y Charles L. Bre t schneider . a 
hydraul ic e ngineer in the Re search Division of the Beach Erosion 
Board under the supervision of Joseph M. Caldwel l . Chief of the 
Div i sion . .O\t the t ime the repcrt was prepared. Brigadier General 
Theron D. Weaver was President of the Board. 

Views and conclusions sta1ed in the re port are not necessarily 
those of the Beach Erosion BOal:d . 

This report is published IInder authority of Public Law 166, 
79th Congress. approved July 3l., 1945. 
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WAVE FORECASTIN;; R ELATIONS -[IPS POR TIlE 
GULF OF ME)( l CO 

by 
Charles L. Bretschneider, Re!iearch Bngineer 

Beach Erosion B()ard 

nll'RODOCTION 

This report describes the deveiopillent and application of a 
method for computing wind wave data O\ll~r the Continental Shelf along 
the United States coast of the Gulf of Mexico . Methods for forecast­
ing deep-water wind waves . and wind Wa'''es in shallow water of con­
stant depth, such as shallow lakes and bays, are already available 
( 8, 9. 12,16)*. The problem of the CC :ltinental Shelf of the Gulf of 
Mexico, however , is more complex, sinc'! here the waves Dlay generate 
originally in deep water , but then , un ,ier the continued influence of 
wind . are propagated shoreward over th ,! Continental Shelf where bottom 
friction and type of bottom profile be ,::ome important . Because of 
the variety of initial deep-water cone itions and bottom profiles, 
each location requires separate treatu ent . A set of generalized fore­
casting curves is required for each 1< cation and each direction to 
br i ng the waves in over the shallow sloping bottom to the desired 
depth. Using deep-Water f orecasting lelationships and taking bottom 
f riction int o account. a generalized ::et of di.m.ensionless forecasting 
r elationships is prepared f or each of the f ive locations (Figure 1) 
in the Gulf of Mexico for which stati! itical deep-water wave dat a are 
compiled (I, 2, 3, 4, 5). The foreca::t i ng curves are intended for 
the most frequent minimum fetCh and c(,rresponding wind speed for 
var ious deep-water wave height ranges and average Bottom conditions of 
various d irections. Por the cases of winds parallel to the coast or 
from l and to sea the curves are applic:able to all water depths. 
However, for the case of winds blowinl : f rom sea toward land, the 
forecasting relationships are satisfal :tory only f or dep t hs of about 
20 f eet or greater. although the techllique has been stretched to a 
depth of 12 feet for cases where wind: ; are not too high. At depths 
of about 20 feet or less the bottom s"ope changes too rapidly for the 
theory to apply, and longer period SWI !U will be breaking in the surf 
zone, thereby obscuring the wind wave pattern. Examples on the use 
of the forecasting graphs are given i ll Appendix A. 

It must be emphasized that a cer ':ain amount of averaging is re ­
quired to simplify the problem. and t lle forecasting curves must be 
used with discretion for other than n'!arby locations, where refraction 
becomes important . The forecasting c ':lr ves result in Wave he ights to 
within .10 percent of the average cOD~.it ion. except in the extreme 
Case of-shoal areas. 

*Number s in parentheses denote refere"lce s listed at end of text . 



Statistical distribu.tions of 'jlind waves from records (not ye t 
completely analyzed) obtained in tte Gulf of Mexico agree fairly 
closely to those presented by Putz (6) based on wave records for the 
Pacific Coast of the United States , Locations selected for develop­
ing forecasting relationships and for which statistical wave data 
are computed are shown in figure 1, Wave statist i cs for these 
locat i ons are given in the followi:: g Beach Erosion Board publications. 

Wave Statistics for Technical 
Gulf of Mexico Memorandum No. 

Off Brownsville. Texas 85 
Off Caplen. Texas 86 
Off Burrwood. Louisiana 87 
Off Apalachicola. florida 88 
Off Tampa Bay. Plorida 89 

BASIC EMPIRICAL RELATIONSHIPS )lOR WIND-WAVE GENERATION 

Empirical relationships for til e generation of wind waves •• , be 
arrived at by use of the Buckinghan Pi-theorem(7 ), supplemented by 
wave observations, provided the ob:lervations extend over a wide enough 
range of the variables. In genera:t the var iables to consider are as 
fo Uows: 

Dimension. 
Variable Symbol (on the f. 1. t system) 

wind speed U lit 
wave height H 1 
wave period T t 
wave length L 1 
wave speed C lit 
fetch length F 1 
wind duration t t 
acceleration of gravity g l/t2 
depth of water d 1 
bottom slope bd/O x -l/l 
bottom friction factor f diroension1e 55 

bottom percolation factor p 12/t 
refraction factor ~ dimensionle 55 

In setting up the diroension1e!ls relationships one can make use 
of the Airy wave theory (eq. 1 and 2) to e liminate the variables L and C. 

2 
"""- 2T':I L = ~ tanh (1) 
2TT t. 

C
2 

- ~ tanh - 2fT 
2T' 1 
I. 

.. 
~ . 

(2) 
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Thus one obtains equations 3 and 4: 

H = H (g, U,p . ~,d , 8 dlbx ,f , p,K ) 
r 

T = T (g,U,P, t , d , 8d/8x,f ,p,K. ) 
r 

By use of the Pi-theorem it can '>e shown that : 

(3) 

(4) 

(5) 

( 6) 

Equat ions 5 and 6 can be r elluced to certain · special cases, some 
of which are as follows: 

a. Deep water, unlirni ':ed wind duration: 

(Sa) 

( 6a) 

b. Deep water, unl imi 1:ed fetch l ength : 

gH /u2 
=.4, (H! ) o '1-'2 II 

(Sb) 

( 6b ) 

c. Shallow water , impl'rmeable f lat bottom, cons tant bottom 
friction factor, and unlimited wi.nd duration: 

( 5c) 

gr/U = 1./1
3 

( gP,/'U
2

, gd/U2 ) 
( 6c) 

d. Shallow water, imp,; rmeable f lat bottom , constant bottom 
friction factor , and unl imited f ,! t ch length: 

( i! t/U , gd/U
2

) 

( g" /U, gdJif ) 

4 

*cf> and 1./1 present s function notation. 

( 5d) 

(6d) 



e . Shallow water , impermeable flat bottom, constant bot tom 
fr iction factor, unlimited fetch and Imlimited wind duration: 

2 2 
gH/U = 1> 5 ( gd/U ) (Se ) 

(6e) 

Bxpressions Sa. Sb, 6a. and 6b rt!present the deep-water wave 
generation relationships (Figure 2) o r Bretschne ider(8); expressions 
5c , 5d, Se, 6c, 6d, and 6e are strict ly f or shallow water with a 
bottom of constant depth, such as shaUow lakes and bays. 

Equations 5 and 6, applicable to the Continental She lf of the 
Gulf of Mexico, are somewhat involved , One can simplify the work by 
considering the following: 

a. In most eases wind waVl~S in shallow water are limited 
e ither by the fetch length or the wat!!r depth at the end of the fet ch, 
or a combination of a fetcb length an:l water depth. Thus by introduc­
ing t he concept of minimum fetcb lengl:h the parameter gt/U can be 
eliminated. 

b. If one l imits the devel:lpment to average clmditions, 
the refraction coeff icient k can be :legl ected temporar ily, but applied 
la ter . This is perhaps more r just iBa :.le since it is diff icult to 
determine refraction of short-crested waves of growing period under 
the continued influence of wind. 

Assuming then that the bottom friction factor is constant, one 
obtains for the generation of wind wa' 'es over the Continental Shelf: 

gil' o/U
2 = 1> 6 (if /U2

, gd/U2, bo ttom pr of ile ) 

where d is the depth of water at statl.on of interest , and F is the 
minimum fetch from deep water to d/L = 0.5. 

(sf) 

( 6f) 

The term H' , equivalent deep-water significant wave heigbt* , 
has been introdu2ed in place of the al: tual significant wave he ight B • 
which can be obtained f rom: S 

H = H' K t where 
S 0 S 

(7) 

1. is the shoaling factor given by fid 'ure 7, which was prepared from 
S tables by Wiegel(IO). 

5 
*The term H' 0 quivalent deep-water ,Ignificant wave height, is defined 
as that height the shallow-water sign,ificant wave would have had in deep 
water if unaffected by refraction or energy losses or gains. 



The introduction of H' s im):lifies numerical computations req uired 
to obtain the wave height iR shaUow water . 

Theoreti~al Cq~s~ti~2. The discussion following is limited 
to that necessary for the unders1:anding of a numer ical procedure for 
computing wind waves in shallow wate r. Sverdrup and Munk{ll) have 
presented a detailed theoretical development for generation of wind 
waves in deeD water. The basic (Iifferent ial equation for the steady 
state condition is: 

C 0 E + ~ = '0 C :: R + R , where 
2 OX 2 eX t - II 

(8) 

C = deep-wa~er wave spt!ed 
E = 1/8 pgH , wave energy 
p = density 
g = acceleration of grilvity 
H = wave 

= rate 
wave 

= rate 
wave 

height 
at which eneq:y is being transfer red from wind to 
by tangential stress 
at which enerf: Y is being transferred from wind to 
(or wave to wi,nd) by normal pressure 

R
t 

+ R = R • R , where 
- n H c 

RH = rate at which ener,:y is transfonned into wave height. and 

R = rate at which ener~:y is transferred i nto wave speed. 
c 

In a report by Bretschneidel' and Reid(12) a detailed deve lopment 
is presented for the change in wsve height (of swell t ravelling over 
a shaUow bottom) due to bottom fciction , perco l ation and refraction, 
a ssuming no wind effect. The bali ic d iff erm tial equat ion f or the 
steady state condition is: 

where 

B = 
C = 
n = 
b = 

D
f = 

D = 
P 

o (bE) 
nc-~ 

'0 (nc) 
of Eb -";:';:';;~ ox 

2 
1/8 pgH , wave enel'gy 
wave speed 
fraction of ener gy travelling with wave speed 
perpendicular distclC'lce between two wave rays 

(10) 

rate at which eneq:v is being lost due to bo t tom friction 
rate at which eneq;;r is being l ost due to percolation 

Special solutions of equation 10 ire given in reference ( 12). 

If the waves are small and (.:msi st of a uniform t rain being 
generated in shallow water one rn a. ' write the following differential 

6 



equation for the steady state conditilm, neglecting refraction and 
percolation: 

d(ncB) 
dx 

= R + R - D 
H c f 

(11 ) 

Two general cases for equation 1.l exist: (a) lor D = 0, which 
results in the deep-water wave foreea:Jting relationshipL, Figure 2; 
and (b) for RH + R = 0 which resul ts in the rela~ionship for wave 
energy loss (wave fteight reduction) d lle to bottom friction, Figure 3. 
A general solution of the above equat:lon is diff ieult. because one 
needs to know how RH and Re are aff eC I:ed by Df. For this repor t it 
is assumed that RH and Re are related to C/U in some manner (the 
exact manner is not important ) sueh a:l that given by Sverdrup and 
Munk(l1); and wind speed, tI, and minbum f etch length: Fmin , are gi ven 
by Figure 2. This is not strictly cO l' rect but adjustments are made 
in the selection of an apparent botto!l friction factor which permit s 
a computational procedure and g ives a !~reement between observed and 
computed wave heights under known conUtions. Fur thermore, because 
of the nature of the problem, the c loller to steady state cDndi tions 
in shallow water, the less dependent! s the wave period on energy 
exchange frOlh wind to wave to d issipal;ion by bottom fr ietion. Using 
the above r~lationships and the relat:lonships for wave energy l oss 
by bottom friction, Figure 3, it is pl)ssible to solve equa tion 11 by 
numer ical means or successive approxillations. An actual mathemat ical 
solution of equation 11 is not nece ssary since various coefficient s 
must be determined frOlll empirical dat Il, and since in general numer i cal 
means are r equired for a bottom of vadable depth and slope . The 
proper procedure then is to set up a I:omputat ional procedure and use 
observations where available, such thll t a comparison can be made 
between observations and computations , If satisfactory agreement is 
reached where wave data are available II then the method can be e xtended 
to locations where wave data are absellt. This has been done for the 
special case of a f lat bottom using a bottom fric tion fac tor f = .01. 
The resulting relationships agree quil:e well with wave observations 
from Lake Okeechobee, Plorida , and th l! nearly f lat areas of the Gulf 
of Mexico, as shown in figure 4 repro:luced in par t from 8retschneider(13). 
The numerical procedures(8)used in at riving at these relationships are 
similar to those used on the Continen l:al Shelf , discussed below. 

7 

*MinimUlll fetch and minimum duration 01' wind are definitions pertaining 
to steady state conditions. Minimum :luration is that duration of wi nd 
(equal to or less than actual duratio'l ) f or any particular wind speed and 
fetch length required for steady stat!l generation. Minisnum fetCh length 
is that fetch length (equal to or les!; than actual fetch) for any par­
ticular wind speed and wind duration required for steady state generat ion. 
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Numerical Procedure. A procedurq: for computing wind Waves over a 
bottom of constant depth and also ove I' a bottom of constant slope has 
previously been described(9) . In gelll l: ral the procedure f or a bottom of 
constant depth can be applied to wind ll blowing parallel to the Coast and 
the procedure for a bottom of constaD I: slope can be applied to winds 
blmdng perpendicular to the coast. ' I'hrough conti~ued use of tht! 
above techniques, it was found that t .- Ie procedure for bottom of constant 
depth could be used satisfactorily oV'l' r a bottom of constant slope. pro­
vided the bottom slope was segmente\i I.nto equal steps , each having an 
average constant depth. Computations based on a f lat bottom relat ion­
ship are much less involved than for II sloping bottom . for t his reason 
the bottom profile s ar e segmented inN i ncrements of constant depth. 

figures 2 and 3 are those requir«d to predic t the changing wave 
characteristic s as the wave moves ovel the shal low slope . figure 2 
i s used to determine curves of Ho and Ts versus fetCh l ength for various 
wind speeds, and in effect represents ~ind-wave energy genera t ion. 
Pigure 3 is used to compute a reductic1n factor lef to be applied to 
Ho to account for the dissipation of l 'ave energy due to bottom fr iction. 

In regard to wave generation by cnshore winds there are two con­
dit ions to consider . f irst, the initJ~l deep-water waves generated 
may be propagated shoreward as swel l l nder the continued influence of 
the generatin~ winds: and second. regeneration of wind waves is con­
stantly taking place all along the feich over the Continental Shelf . 
Swell will fee l bottom far from shore !nd commence losing energy at an 
early stage, whereas wind waves with !horter period continue to grow 
and do not feel bottom until they are sufficiently large and are 
nearing the coast . In the breaker zot ,e one would observe both swel l 
and wind waves, and the present methoc of computation cannot be 
applied here . The steps are as follo~s:* 

a. A wind speed is se lected, and a graph of Ho and T versus 
fetch distance is computed from Figure 2. Pigure 5 is an example for 
a 26-knot wind and unlimited wind durat ion. 

b. The minimum fetch lengt~ . Fmin' is selected and Ho and T 
is determined at F = Fmin. The deep-\II ,lter wave length is given by 
Lo = 5 .12 T2. and the waves will begin to feel bottom at a depth 
d = Lo/2. This is the initial point {:rom which to begin computations 
Shoreward. 

c. The bottom profile along the fetch toward the l ocation 
of interest i~ determined . The traverse i s segmented into at least 
ten equal increments, ~F, of about 5 t l ) 10 miles in length, depending 
on the bottom slope and width of Conti llental Shelf . Figure 6 is a 
typ i cal example. 

d. An average depth . dave. ;ls de termined over each increment 
(F igure 6). 

II 

* See Bretschneider (20) for an altern iltive method for computing wind 
waves for high wind speeds and short fetches. 



14 

I/) 

~13 
0 
(.) 

IV 

(/) 12 
c .--

0 
1-11 
~ 
0 

~ IO 
a.. 
~ 
c 
<t 9 -IV 
IV 
u.. S 
c 
0 

I_ 7 

"':: 

--~ ~ ~ ---
V 

,...---1-"" 
./ 

Ho vs F-F" V 
/ 

/' 
V 

/ 
V 

~ 
Tovs F--J ~ l--l--I.--

I 

/ ~ ~ 

l---~ -y-
. _ ........... : - _. -

0> 

IV 6 N I 

IV 
> 
0 5 
~ -c 
o 4 
.~ -c 
. ~ '3 
(/) 

.... 
IV - 2 0 
~ 

/' ' / ~ , , , , , , , , , , 

V V 
/ / 

!/V 
fl 
fl 

0.. 
IV I IV 
a 

0 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 ISO 190 200 

Fetch Distance F in Nautical Mi les 

FIG URE 5. DEE P WATER WAV E GENERATION FOR WIND SPEED OF 26 KNOTS AND UNLIMITED DURATION 



) --Ho Versus F ( From Fig. e _ ---'-...... --
~,. -----.- -
__ " ~+=--H' Versus F.e+ t>. F( From Fig.S) _ 0 

...... F' - ----.j e 
From H' using 

02 
Fig.S 

... 
Q) -o 
~ 

.. X Distance from Coast 

MWL 

Bott om Profile 

~ X Di stance f rom Coast 

FIGURE 6. SCHEMATIC DIAGRAM ~ : I ILLUSTRATING PROCEDURE 

FOR COMPUTING WIND WA\ IES IN SHALLOW WATER 

13 



e. A deep water wave he l.ght, H and wave period T is 
determined at the beginning of the fir st ~ncrement of ~f using 
Figure 5 and P = Pmin. 

f. This value of Ho is i:hen assumed to travel over the 
increment Af as swell taking bottOll1 fr i~t iori into account. This is 
done by use of figure 3. The quan i:ity ~ is de termined using 

d.r; . 
bottom fr iction factor f = .01 ba$ll'd on Lake Okeechobee studies and 
wave data in shallow water of the .::ulf of Mexico ; H = K K. H • where r s 0 
K is t he shoaling factor (obtaine,,1 from Figure 7); K is the re­
flaction coeff icient ove r the inCr l!ment AF; AX = 6080r~f, where AP is 
in nautical miles; d = d ,avera lte depth over the increment AP; and 
T2/d is computed using t~~eaverage significant period over the 
increment and the average depth, d • K f is read from Pigure 3 and 
the actual signif icant height is e l ~~~ l to H = H K

f 
K K • 

s 0 s r 

g. An equivalent deep-wllter wave he ight H' is obtained o 
f rom H' o = Kf Ho' 

h. Using H' and Pigure 5 for example , an equivalent deep­
water fetch length P' °is obtained. Por the case of regeneration of 
wind waves one al so otitains an equivalent deep-water period , T • 

o 

i. An equiva1en~ deep-,n ,te r wave height is determined at 
the end of the second increment us,ing P = P' + AP = P 1"n' using e < m 
Figure 5 for example. Por the caSE of regeneration of wind wave s one 
also obtains an equivalent deep-wa.ter per iod. 

j. With the average wa" e he ight 1/2 (H' 01 + H' 02) steps f, 

g,h,and i are r epeated. (This ghes the swell he ight when the wave 
period T is held constant ; T is given for U at P = Pmin . ) Using the 
average wave per iod 1/2 (T 1 + T ol) steps f, g, h, and i are repeated. 
This gives the regeneratedO wind2~l ave height . The above procedure is 
used for al l except the last incrEllRent or until the wave breaks, which­
ever occur s f ir s t. Usually the 111 st i ncrement cannot be t reated by 
the above met hod since here the bclttom slope increases too rapidly . 
The above procedure can be used f CIt' depths from deep water to about 
20 feet, but has been applied to (iepths of 12 fee t, whe n tie winds 
are not too great. 

k. The maximum wave he i!ght for a ll except the last incr ement 
is computed from 

[
14

u

5
2

gd ] 0.1 
H = B + 10% 3 . 78d = 1.87 H max s ~ < s 

(12) 

The above f ormula is obtained f rotl a report (13) based' on wind-gene rated 
waves recorded in t he Gulf of Med co and hurricane wind-genera t ed waves 
recorded in Lake Okeechobee , F10rJlda. 
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1. Maximum waves over the last increment and the location 
of breaking are obtained by plott .l ng Hb ': . 78d seaward from the COast . 
A continuation of the smooth curvr of Hmax obtained in (k ) is made 
unti l it intersect s the curve of I b = .78d . 

In general the swell heights (under the influence of wind) and t he 
regenerated wind-wave heights in :Intermediate to shallow water will 
be about the same, except in the 1 reaking zone ,,,here the swell having 
a larger shoaling factor, becomes dominant , and the wind waves will 
be superimposed thereon. The rearon swel l heights ( under the influence 
of wind ) are about the same as thl regenerated wind waves in inter­
mediate to shal low water is that ( I issipation of wave energy by bottom 
f riction tends to become independ.nt of wave period. This can be seen 
f rom Pigure 2 where the i so l i neslecome crowded for large values of 
T2/d. It is for this reason that one can use the wave-per i od relation­
ships given for deep water when ccmputing generation of wind waves in 
shallow water . 

As an example , the above procedure has been used to compute wind 
waves from deep water over the bo1tom profile perpendicular to shore 
of f Capl en, Texas, usi ng U = 26 klots and Pmin = 200 nautical mi les 
(over deep water to d/L = 0. 5). 1'he results of these computations are 
given in Table I and Figure 8. TI' is particular profile was se lected 
since it consists of several different locations having the same depth. 
It is quite an irregul ar bottom profile, other s being less irregular. 
For example, fr om Tabl e 1 and Pigl're 8 there are two 40-foot depths , 
one for which H' = 10. 9 fe et and the other HI = 8. 7 fee t , the average 
value of HI = 9~8 was used to corpute gH' IU20versus gd/U2 and gP/U2 
used in F igare 11 . This shows th~ l t one caR expect forecasts on the 
order of ~ 10% of the values obtained from the forecasting graphs , 
discussed below. 

GENERALIZED FOR ECAST I I«; CURVJ S POR ruE GUlf OF MEXICO 

In general , for any locat i on on the Continental Shelf , three 
special Cases for wind-wave gener'ltion exist: ( a) winds blowing 
paralle l to the coast, (b ) winds llowing from land to sea and (c ) winds 
blowing from sea to land. A set (f generalized forecasting cur ves has 
been prepared based on the above numerical procedures. These f ore­
casting curves are discussed belo, : 

a. Case I, Wi nds Blowirlg Parallel to the Coast . In this 
case, except where very irregular bottom topography exists~ the best 
approach is to use t he f lat botton relationships of gH' lUG , versus 
gd/U2 and gPfU2 given in Figure 9, 0 

b. Case II , Winds Bl owJng from Land to Sea. In a repor t 
by Bretschneider and Thompson( 14) i t was shown that for most offshore 
winds, waves are generated which clo not feel the bottom. Thi s is 
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TABLE I 

SUMMARY OP COMPl1l'ATIDNS F~ EXAMPLE OF WIND-WAVE GENERATION OVER 'JlIE CO!'lI'IN1!m'AL SHELF 

Line 

1 

2 

3 

4 

5 

'i 

8 

9 

10 

11 

12 

CD 13 

15 

16 

17 

18 

20 

x* 
p . 

mlll 
aP 
d

1 
d

2 
d ave 
HoI 

H02 
H 

ave 
T_. 

T02 

T o ave 
T2 

d 

K 
5 ave 

fHt.x 

-:1" 
Kf 
H'02 

n.m. 

a.1ft . 

ft._. 
feet 

feet 

feet 

feet 

feet 

feet 

sec 

sec 

sec 

feet 

P n.m. 
e 

gHt /U2 (H' = H' ) 
o 0 02 

* X is distance from shore. 

!... 
100 

200 

10 

deep 

300 

deep 

13.~ 

deep 

2 3 
90 80 

200 200 

10 10 

300 230 

230 190 

265 210 

13.3 13.3 

13.3 13. 3 

13.3 13.3 

9.4 9.4 

9.4 9.4 

9.4 9.4 

.333 .42 

....1 
70 

190 

10 

190 

_5_ 
60 

187 

10 

175 

6 
50 

182 

10 

130 

7 
40 

155 

5 

100 

.L 
35 

136 

5 

80 

9 
30 
112 

5 

67 

10 
2S 

74 

40 

175 130 100 80 67 40 SO 

182.5 152.5 115 90 73.5 51.5 45 

13 . 29 13.28 13.21 12.94 12.66 12.19 10.89 

13.30 13. 30 13.29 13.00 12. 76 12.31 11.11 

13.295 13. 29 13.25 12. 97 12.71 12.25 11.00 

9.3 9.3 9.24 8.94 8.50 8.25 7.52 

9.4 

9.35 

.48 

9.4 

9.35 

9.40 9 .00 8,76 8.35 

9.32 8.97 8.63 8.30 

7.62 

7.57 

.572 . 757 . 894 1.01 1.335 1.29 

1.0 . 996 .985 .975 .960 . 932 .921 . 918 .914 .913 

small . 114 .180 .212 .33 . 567 .438 . 656 1.285 1.51 

1.0 

13. 3 

.00 . 9993 .9982 .9932 .974 .974 . 955 

13.3 13.29 13.28 13.21 12.94 12.66 12.19 

.885 .870 

10.89 9.67 

200 200 190 187 182 155 136 112 74 53.5 

.221 .221 .221 .221 .219 .215 .210 .202 .181 .J61 

4.98 3,82 3.16 2. 91 2.16 1.66 1.33 1.11 .664 .831 

-..!! ..E ..1l 
20 15 10 

53.5 46 .S 45 

5 .s 5 

50 51 51 

51 51 3& 

SO,S Sl 44.5 

9.67 9. 35 9.09 

10.01 9. 67 9.43 

9.84 9. 51 9.26 

6.94 6. 76 6.6 

7.10 6.94 6.8 

7.02 6. 85 6.7 

. 975 .920 1.01 

...l1 
5 

39.5 

5 

38 

34 

3(, 

8.65 

9.03 

8.84 

6.38 

6.60 

6. 49 

1.17 

~ 
2. 5 

29.5 

34 

28 

Jl 

7.12 

8.00 

7.86 

5.82 

6. 00 

5.91 

1.12 

~ .!1... 
1.25 0 

25.2 

1.25 1.25 

28 20 

20 0 

24 

7.30 

7.42 

7.36 

5.52 

5.€l2 

5.57 

1.29 

. 919 . 920 .9 8 .9 3 . 914 .913 

1.09 1.02 1. 30 1. 89 1 .14 .89 

.933 

9.35 

. 940 . 917 . 855 

9. 09 8. 65 7.72 

.912 

7. 30 

. 92 

6.83 

48.5 45 39. 5 29.5 25.2 21.5 

.155 .151 .144 . 128 .121 . 113 

. 847 .847 . 631 . 565 . 465 . 322 



because the fetch length, increasing leaward , is limiting . As the 
fetch l ength gets longer the wave per .od get s l onger , but the water 
depth becomes greater. This would indicate that for offshore winds , 
one may use the deep-water wa e forec; s t ing curves, Fi gure 2. 
Actual l y Pigure 9 can also be used, S.nce the lines of constant gF/U2 
termi nate on the right hand side of F .gure 5 at deep wat er. 

c, Case III, Winds Blowing from Sea to Land. This is per ­
haps the most complex situation for WI ve generation, and no one se t 
of curves can be deve toped similar to those for Ca ses I and II. Since 
each location has a different bottom I ·rof.i1e leading shoreward from 
various directions, a set of graphs wl ·uld be required f or each direction 
for each station. This becomes impralticable just as the numerical 
procedure discussed in the previous s.ction becomes impracticable when 
one requires a multitude of forecasts Por this reason one generalized 
forecasting graph for onshore winds i; prepared f or each of five locations 
in the Gulf of Mexico. The forecastug curve s are computed by the 
procedure outlined above based on the followin g (;onditions: 

(1) The most requent minimum fetch length was se lected 
for each wind speed range and onshore direct ion , based on wind and 
fetch statistics using three years of weather maps from the fi l es of 
A. H. Glenn and Assoc ia tes(l9). 'The most frequent fetch lengt h associated 
with a particular wind and direction \as determined from 

p . 
m1n 

PI tl F2 

tl + 

2 

' 2 

+ P t + 
3 3 

+ t + 
3 

.. . 
... + P t 

n n 
(13 ) 

t n 

where PI is the minimum 
wind and direction over 

fetch length ~ nd tl the duration of a particular 
this fetch, e l C. 

(2) Por each location an average bottom profi le was 
determined based on three sboreward b<ttom prof i les, forming the cone 
of 45 0 on each side of the profile peJpendicul ar to the coast . The 
profile perpendicular to the coast wa: given double weight in determining 
the average. This was done or each :ocation, resul ting i n f i ve average 
bottom prof iles. Each of the average botto profiles was divided into 
short increments, and an average deptl over each increment was determined. 
Computation of wind waves were then mide as outlined above . 

( 3) Values of H' F d 
o' Mln'-p and U were tabulated, ~ = 

depth at end of fetch F where H' appl ies. From the above , value s of 
~l ' /U2 , gP/U2 and gd/U2 , were dgte r ml ned where F is same a s Pmin and 

o 2 2 d same as dF• A general i zed plot was made of gH' /U versus gd/U and 
isolines of gF/U2• This required a c(rtain amoun~ of smoothing to 
obtain the best overall picture. Scaiter of the data, however . was not 
significant, being less than ~IO% of 1he f i nal selec ed curves. The 
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re sulting f amilies of curves for ?ach location are given in Figures 10 . 
11 , 12, 13 and 14 respectively fo~ Brownsville . Texas; Caplen, Texas; 
Burrwood. Louisiana; Apalachicola, Plorida: and Tampa . Plorida . These 
figures can be used for forecastilg wind waves for On&10re winds 
perpendicular to the coast ~45° . 

These forecasting curves are used to compute the shallow water 
wave statistics given in referenc? s (I, 2. 3. 4, 5) making use of the 
duration of individual wind speed ranges and the corresponding most 
frequent minimum fetches. 

It must be emphasized that c!rtain assumptions were required to 
obtain the forecasting curves for wave statistics purpose s, and that 
individual forecasts may deviate >y +10%. It is therefore, necessary. 
that any individual forecast take these factor s into consideration. 
Since the curves have not yet beel used for daily forecasts. it is 
diff icult to recommend any modif i ~ tion except that the following 
suggestions seem in order ; 

(1) Por onshore winds )erpendicular to the coast one might 
multiply values of H' by 1.1, wh !re H' is determined from the proper 

o 0 
figure. 

(2) For onshore winds }lowing at 45
0 

to the coast one might 
multiply values of Ht by 0. 9. (~he above rules of thumb need to be 
checked against obser~ations.) 

(3) Allowance should b~ made for loc~tion ahead of and 
behind various shoal area s. 

DETERM INAT ION OF S IGNI ; IeANI' WAVE PER IOD 

No generalized forecasting c~ves are presented f or obtaining 
the significant Wave period. Altlough a wave period is necessarily 
used and obtained in the computatlons for wave height it is not 
necessarily the significant wave )eriod, although it may be c lose to 
the significant period. However. the significant wave period has a 
'·definite signif i cant relationshi," to the significant height. It is 
shown by Bretschneider(20) for de!p-water wind waves for gf/U2 = lO.OO( 
that the average value of the siglificant period is related to < 
the significant he ight by : 

2 
H IT = 0.22 ( 14) 

o 0 

This expression is quite signific~nt since it agrees with Jasper(Zl) , 
wherein one may determine the av !rage value of H Ir Z ';t 0.20, based 
on deep-Water wave observations i l the North AtlaRtig. From Pigure 3 
one may determine for shallow wat!r (gd/u2 = .01 to 1.0): 

H' /r2 = .17 ~ 20% (15) 
o 
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Using expressions 14 and 15 it f ollows: 

T = 2.13~ for de~p water (la) 
0 0 

T = 2.43 vii' + 1~ for shallow water ( 17) s 0 

Once the significant wave heights o ~ wind waves have been obtained 
it i s possible to obtain approximate ly t le significant wave period 
directly from the above equations. 

DIS1RmUTION FUfCTIONS POR WIND WP\ rES rOO niB GULF OP MEXICO 

The preceding material is used fo r ,btaining the significant Wave 
he ight and period. Actual use of foreca;ts made from relationships 
presented in this report, as well as the hindcast wave data presented 
in the Beach Brosion Board Technical Mem,randuns 85, 86 , 87 . 88, and 
89 must take into account the distributi,n of al l individual waves 
making up the wave train. Wind wave rec)rds* obtained in the Gulf of 
Mexico appear to have a d istribution of leights and periods very c lose 
to those of Puti(6), based on Pacific Oc~an wave data. Therefore, 
Figure s 15 and 16 reproduced from Putz(6 '1 can be used temporarily to 
obtain the distribution of heights and p~riods. respectiyely. once the 
significant waves are forecast. Re1atiolships between the significant 
Wave height, H ; average wave height, H ; average of highest ten 
percent, "10; Sand the maximum wave. Hm~;! have been established by 
Munk(16~tWiege1(15 ). and Siewe11(17). ba led on the analysis of wave 
records. Snodgrass(18) summarizes the a'erage value s as follows : 

H IH = 1 .87 .:!: 20% maX s 

Hl/IOIHS = 1.29 .:!: l~ 

H /H =. 6S + 10% 
ave s 

(8 ) 

(9) 

( 20) 

Based on the analysis of wind wave recorl ls in shallow water, Bretschneider( 13 ) 
finds that : 

Hlilmax = [145 , ( .'. 10% for 

H1/101Ms = 1. 23 .:!: l~ 

Additional analysis of these same da ta g:lves: 

H IH = . 675 + l~ ave s 

24 

2.5 (21) 

( 22) 

( 23 ) 

*i\nalysis of all wave records fr('lm the G1 i. lf of Mexico has not yet been 
completed and the result s are there fore not presented at this time. 



13 

12 

II 

10 

9 

8 

7 

f-
W 
W 
"-6 

"7 

~ 
W 

4 

:3 
, 

2 

o 

0 .0 

(21.5)1 19.5)(17.9) (16.3) (14 .7) (13 .1) (12.311 11.5) (10. 3) ( 9 . 59) (8 .12) 

130 120 11 0 100 90 80 750 70 650 60 550 

1/ 

Example : HV3; 4 .0 
\ 

Hm;0.6 24 HV3-0.0IS 
/' 

" 2 .50' 

H9!1 "5.0' 

J7 7' 
-/ 

/' 
7' 

7' 

17 

1/ ./ 
./ 

./ 

7' 
"7 "7 "7 

/' ./ ./ 

,.., VI V v-
IA' "7 

/ 

--.... c;- v ~ 

= 
)::;:::; 

I-- ~ 

1-' 

0.1 I 2 10 15 20 30 40 50 60 70 80 B5 87 90 93 95 97 99 99.5 
F (h) = P ERCE NT OF WAV E HEIGHTS NOT EXCEEDING h 

99 

(7.95) 

5 0 

I.--

'/ 

'/ 

./ 

./ 

--

99.5 

./ 

/ 

( 7 .18) 
450 

/ 

/ 

./ 
7' 

./ 

:./ 

--~ 

./ 
./ 

---

-

4 .00(6.38) 

3 .50 (5.60) 

3 .00(4.80) 

2.50 (4DOI 

2.00(3 22) 

1.50 (2.4 6) 

I.OO( 1.671 

0 . 75( 1.31) 

0 .50 (0.90 1 

Hrn ~ 0.25 

H ~' (O.S!) 

99.7 99.8 

PREDICTION LINES FOR WAVE HEIGHT DISTRIBUTION FUNCTIONS FOR VARIOUS MEAN WAVE HEIGHTS 
(SIGNI FICANT WAVE HEIGHT H !i3 SHOWN IN PARENTHESES) 

(Putz, 1950) 
FIGURE 15 



(J) 

0 
z 
0 
(,.) 
I.IJ 
III 

~ 

a 
~ 
a: 
I.IJ 
a. 

I.IJ 

~ 
~ ~ 

I&-

0 

I.IJ 
~ 
..J 
C 
> 
... 

24 

-- I-

~ 
..-1---"......---..... 

~..-
~ .......... 

..".""""" ......... .............. v 
-- ;;:P ....- ? 

~ .......... v ............... V 
,Eo 

//1/ V 
v ,cY' ,/' v/ 1/ (r.'f>.,C ,e;,/ "". --- . 

~v/ /~/ ,/'/ V I ",v 
~ ./ Y V 

~y / / / V +~ 

0~ 
v V y /-::/ 1-" ..... vv' / 

v 
v/ y 1-"/ / / 

~ V ,/ v V 
..... v V v ~ 

I I V V l.-Y v/ vV V / ~ ./ / l/ 

VVVV V ~ v Io-'V VV 
1 /~r/VVvVv 9./

VV 
I V v I "".. 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

O_~-N7.-±~~~~~O~. ~~~. ~O~. ~O~. --±q~O~~O~O~O~~O~--~o~-±q--~O~. --o~~o~--~o--o~~o--~o~o-o~~o--~o~~~----~ 
o 0 0 0 N ~ ~ ~ 0 ..-iot'i 0 0 0 0 0 0 0 ot'i 0 .nC£i ,..: «Ii 0; C1l C1l 

- -- N ~ ot 10 <D "" (I) (I) C1l C1lC1l (ll 0'> (II C1l C1l 

F(t) : PROPORTION , OR PROBABIL ITY, OF WAVE PERIODS NOT EXCEEDI NG t, IN PERCENT­

FIGU RE 16. PREDICTION CURVES FOR WAVE-PERIOD DISTRIBUT IONS FOR VARIOUS MEAN WAV E PERIODS 



REFEREtOlS 

1. Bretschneider, C. L. and Roy D. Gaul, " Wave Statistics for the 
Gulf of Mexico of f Brownsli iUe , Texas", Beach Erosion Board 
Technical Memorandum No. tis, Sept. 195 6 

2. • ••• "Wave Statistics f or t he Gu:lf of Mexico off Caplen, Texas" , 
Beach Erosion Board TeChn!lcal Memorandln No. 86, Sept. 1956 

3. • •• • "Wave Statistics for the Gu:lf of Mexico off Burrwood, Louisiana" , 

4. 

5. 

7. 

• ••• 

Beach Brosion Board Techn:1 cal Memorand\ft No. 87, Oc t. 195 6 

"Wave Statistics for the G'llf of Mexico off Apalachicola , 
Florida", Beach Erosion Bciard Technical Memorandum No. 88, 
Oct. 1956 • 

••• :'*ve Statistics for the Guli' of Mexico off Tepa, P l orida" . 
Beach Erosion Board Techn:lcal Memorandm No. 89, Oct. 1956. 

Putz, R. R., "Statist i cal Distri ,butions for Ocean Waves", Trans. I 

AGU, Vol. 33, No.5, Oct. 1952, PP. 685-692. 

Buckingham, E., "On Physically ~l imi1ar Systems", Phys. Rev. J.9l4 , 
4, 345 

Also see 
Dupre, "Theome Mecanique de la Clhaleur" , Paris, 869 

Also see 
Lord Rayleigh, "The Principle otl Similitude", Nature , 1915. 95 , 60 

8. Bretschneider, C. L., "The Geneliation and Decay of Wind Wave s in 
Deep Water", Trans. AGU. , 101. 33, June 1952, PP. ~8l-389 

9. • ••• "Generation of Wind Waves i,n Shallow Water", Beach Eros ion 
Board Technical MemorandUIII No . 51, 1954 

10. Wiegel, R. L., "Tables of the Flinc tions d/L and d/L ", Technical 
Repor t No. HB-116-265, DeflartD1ent of Enginee r~ng , Univ. (If 
Calif., Berkeley , Jan 194~ 1 . 58 PP. (or in Beach Erosion Board 
Technical Report No.4, Stlore Protection Planning and Design, 
June 1954) 

11. Sverdrup, H. U. , and W. H. Munkl "Wind, Sea, and Swell: Theory of 
Relations for Forecasting' l, H. O. Pub . No. 601 . U.S . Navy 
Department, March 1947. 441 PP. 

27 



12. Bretschneider, C. L. , and R. O. R I~id , "Change in Wave Height Due 
to Bottom Friction. Perco1a l:ion. and Refraction", Beach 
Brosion Board Technical Mem "rand1lll\ No. 4S, 195 4 

13 . Bretschneider. C. L. t ·Pie1d inves l:igation of Wave Energy Loss in 
Shallow Water Ocean Waves", Beach Erosion BO_ard Technical 
Memorandum No. 46. Sept . 19 !i4 

14. Bretschneider, C. L. , and W. C. T IIOilpson. "Dissipation of Wave 
Bnergy on Continental Shelf II Gulf of Mexico", Technical 
Report, Reference 55-91'. Te ltaS AIrM Research Foundation. 
Peb. 1955. 

15. Wiegel. R. L. , "An Analysis of Da lta Frcm Wave Recorders on the 
Pacific Coast of the United States", Trans. , AGU. Vol . 30, 
No. 5, Oct . 1949, PP. 700-7 1)4. 

16. Munk, W. H., "Porecasting Ocean I'aves" , CClIIIpenditan of Meteorology, 
A.M.S. 1952, PP. 1082-1089 

17. Siewell, H. R., "Sea Surface Roug !mess Measu:' eaents in Theory and 
Practice", Annals of the Ne lr York Academy of Science , 1949 , 
Ocean Surface Waves, Vol. 5 :L, PP. 483-501 

18. Snodgrass, p. E., "Wave Recorders l', Proc. Pir st Conf. Coastal 
Engineering, Vol. I, Ch. 7 , PP. 69-87. 1951 

19. Glenn , A. H. , "12-Hour1V Synoptic Weather Charts, 1950, 1952 It 
1954" , A. H. Glenn and Asso l:iates, New Orleans, Louisiana 

20. Bretschneider, C. L., "Hurricane \)esign Wave Practice", presented 
at ASCE 1956 Annual Convent :lon. P ittsburgh, Pa., Oct. lS~19, 
1956,22 PP. 

21. Jasper, If. H. , "Statistical Distr :lbut ion Patterns of Ocean Waves 
and of Waves-Induced Ship S 'tresses and Motions, with Bngineering 
Applications". presented at the Soc . of Naval Architects and 
Marine Engineers, 1956 Annu l1J. Convention. New York, N. Y., 
Nov. 15-16, 1956, 41 pP. 

28 



APPENDIX ! ~ 

EXAMPLE FOREC i~ 

Determine the signif icant wave he ight, Hs; maximum probable 
wave height, Hmax; average of highe tlt ten percent of wave s, Hl/lO ; 
and the average wave, H ; for the fol lowing conditions: 

ave 

( a) Location off Caplen, Texas 
(b) Minimum fe tch length of 200 nautical miles (1,216,000 

feet ) 
(c) Unlimited wind durat !.on 
(d) Wind speed 26 knots 144 feet perlsec) 
(e) Wind direction , SB 
( 0 for deep water 

(II) at a water depth of ·,·0 feet 
( III) at a water depth of ;':0 feet 

Solution: 

(IV ) at a water 

gP/U2 = 

depth of .1.0 feet 

32.2 x 1; ,216,000 
4 l ,2 

I: 20,300 

I - for deep water 

2 
gd/U I: 6.6 

> 

u-

gH' 
o 

u2 
I: .22 (Fig . 7) 

) 

.22 (44) J 
H' • H = ---~--... ,-

o s 32.2 = 13.3 f eet 

T :a 2. 13 /13.3 (!LO'X,) = 7.75 seconds + 1~ 
s 

H = 13.3 x 1.87 I: 24. 9 feet +20% (equation 18) max 

Hl/10 a 13.3 X 1.29 I: 17.2 feet +10~ (equation 19) 

H I: 13.3 x .64 = 8.52 feet +10'J, (equation 20) 
ave • -

f or d = 40 feet 

gd/U2 32.2 x 40 
. 668 == = 

(44)2 

A- I 



gHt 
---2 = .175 (Pig . 11) 

U
2 

2 
H' = .17~2(~4) = 10 5 feet (Note H' = 10.9 and 8.7 

o . from TaBle 1) 

T I: 2.43 V10.5 ,,:10~ II 7.9 sec ,!100. (equation 17) 
s 

K = .919 (Pig. 7) 
s 

H = 10.8 x .92 I: 9. 85 fee t 
s 

0 .1 
H = 9.85 f145 x . 66~ ~ = 9.85 x 1.58 = max L...:: :J 

,!10% (eo luat ion 21) 
15.5 feet 

"1/10 = 9. 85 x 1.23 = .2. 1 feet ,!1~ (equat ion 22) 

H = 9.85 x . 675 = 6 .65 feet +1~ (equat ion 23) ave 

III - for d I: 20 feet 

gH' 
~ 

u2 

H' = 0 

32.2 x 20 

(44)2 

=.108 (Pig . 

(44)2 

= . 33l 

11) 

= . 108 32.2 
6,5 feet (Note: H' 6.83 Table = 0 

T = 2.43 ";6. 5 +10% = 6.10 seconds ,!1O';t (equation 17) 
s 

T 2/d = 1.92 
s 

K = .929 (Pig. 7) 
s 

1) 



H ~ 6.3 x .929 = 5,85 fee t 
s 

H = 5. 85 lIlax ~45 Jl .334 ] 

0.1 
= 5. 85 x 1.47 = 8.6 feet 

!LO~ (equation 21) 

" 1/10 • 5.85 x 1.23 = 7. 20 feet +10~ (equation 22) 

H • S. 8S x .675 I 3.96 feet ! 10% (equation 23) 
ave 

IV - for d • 10 fee t* 

gH' 
. 0 - . 
u2 

"' D .06 o 

167 

.06 (Pig. 1.'> 

(44)2 
• 3 6 feet 

32.2 

T • 2 .43 1/3.6 !10'l - I: 4.60 seconds !1O'J. (equation 17) 
s 

Lo = 5. 12 [4.15J2 = 108 fee t 

d/L
o 

I: 10/108 • • 09.'5 

K = .939 (Fig. 7) s 

" = . 939 x 3.6 • 3 ,4 feet s 

H I: 3.4 ~4S x . 167J · l = 
lIlax L 3.4 x 1 .375 = 4.8 feet 

+ 1~ (equat i on 21 ) 

"1/10 • 3.~ x 1.23 = ~.2 feet !l~ (equation 22) 

H • 3.4 x . 675 • 2. 3 feet +1~ (equation 23) 
ave -

A-3 

*Note: Por this particular depth the Ulswers are only approximate , since 
the theory is extended too far into tie steeper zone of the shoreward 
portion of the Continental Shelf. In fact , these waves may well be obscured 
by longer period swel l breaking in th ~ surf zone.The predominant period of 
the swell will be on the order of 7.9 seconds as given in the fir st example . 
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