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NOTE 

This publication supersedes H. O. Mise. 11,275, 

WIND WAVES AND SWELL, PRINCIPLES IN 

FORECASTING, which is now obsolete. 
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INTRODUCTION 

In order to forecast sea and swell from 

weather data, it is necessary to know the char- 

acter of the waves produced by a given wind 

blowing for a known length of time over a 

known stretch of water called the fetch. Prior 

to 1942 such knowledge was based on empirical 

relationships, many of which were inconsistent 

among themselves. 
In the fall of 1942 a need for sea and swell 

forecasts arose in connection with the planned 

invasion of North Africa. The preliminary 

conclusions used in the African and Mediter- 

ranean operations were helpful, but consistent 

results were not achieved until the summer of 

1943. By that time all oceanographic work had 

been transferred to the United States Navy 

where, under contracts let by the Hydrographic 

Office and the Bureau of Ships, studies of sea, 

swell, and surf were carried on at an acceler- 

ated pace. 
The present manual is a revision of H. O. 

Mise. 11,275, WIND WAVES AND SWELL, PRIN- 

CIPLES IN FORECASTING. As a whole, the 

changes are few in view of the intensity with 

which wave research has been carried out since 

1943. The basic numerical relationships be- 

tween wave height and period as functions of 

wind speed, fetch, duration, and distance of 

decay differ somewhat from those proposed in 

1943 and used subsequently with considerable 

success in sea and swell forecasting during the 

war. However, empirical data available in 

1943 were too incomplete to be shown as rela- 

tions between nondimensional parameters and 

could not be used for comparison between 

theory and observation. But through the ef- 

forts of agencies partaking in wave research, 

new and more comprehensive material has now 

made it possible to check the nondimensional 

relationships against observations. 
Three problems are involved in forecasting: 

(1) Forecasting the length and height of the 

waves in the open sea, (2) forecasting the 

swell reaching exposed or partially exposed 

anchorages, and (3) forecasting the height of 

breakers and the amount of surf on any given 

beach. The first problem involves two steps: 
(a) Determination of height and period of the 
waves which emerge from any given wind area 

and which may arrive as swell on a distant 

coast, and (b) determination of the travel time 

and the decrease of the height of the waves as 

they proceed from the wind area. For the 

second and third problems an additional factor 

is involved, namely, the determination of the 

transformation of the waves as they enter into 

shallow water and wash the beach. 

This manual deals with the generation of 

waves by wind and with the travel of waves in 

deep water after they have left the regions of 

strong winds. Methods are described for de- 

termining the characteristics of wind waves by 

means of data from adequate, consecutive syn- 

optic weather maps and for forecasting swell 

off coasts. 

Relationships between the waves and the 

three important variables, wind at the sea sur- 

face, fetch (the stretch of water over which 

the wind blows), and duration (the length of 

time that the wind has blown) are discussed. 

These relationships have been developed on the 

basis of theoretical considerations and empiri- 

cal laws developed by various observers of 

waves. They are presented in graphical form 

for use in forecasting wind waves and swell. 

In order to use the graphs most effectively, 

it is necessary to understand clearly their phys- 

ical significance and limitations. Forecasts, 

therefore, should not be attempted until the 

forecaster has studied the first part of this 

paper which describes the processes leading to 

the growth and decay of waves. 

Tests of the method made to date indicate 

that swell forecasts can be made with more 

certainty than that of most meteorological fore- 

casts. Prognostic charts are not important for 

the forecasting of swell because considerable 

time elapses between the generation of waves 

in distant storm areas and their arrival at the 



coast. Thus, after experience has been gained, 

it is possible to forecast swell several days in 

advance. Forecasts of the state of the sea, on 

the other hand, must be based in part on prog- 

nostic weather maps and cannot be prepared 

for periods longer than those for which these 

maps can be considered valid. 

The problem of forecasting changes of waves 

in shallow waters and the height of breakers 

and the amount of surf on any given beach is 

covered in separate manuals, H. O. Pub. No. 

234, BREAKERS AND SURF, PRINCIPLES IN FORE- 

CASTING, and H. O. Pub. No. 605, GRAPHICAL 

CONSTRUCTION OF WAVE REFRACTION DIAGRAMS. 
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Section I 

SURFACE WAVES IN WATER 

General Discussion 

A wave is described by its length L, i. e., the 

horizontal distance from crest to crest or trough 

to trough (see fig. I.1) and by its height H, 

i. e., the vertical distance from trough to crest. 

A wave is further characterized by its period T, 

i. e., the time interval in seconds between the 

appearance of two consecutive crests at a given 

position. 
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Figure J.1.—Surface Waves. A. Profile of wave. 

B. Advance of wave, showing the wave profile at the 

times t = O, t = T/4, and t = T/2. In the time 

T/2 the wave has advanced one-half wave length, L/2. 

A wave may be standing or progressive, but 

this discussion deals with progressive waves 

only. In a progressive wave, if the length and 

energy are constant, the wave height is the same 

at all localities and the wave crest appears to 

advance with a constant speed (fig. 1.2). Dur- 

ing one wave period T, the wave crest advances 

one wave length L, and the speed of the wave 

is therefore defined as 

C = L/T (1.1) 

The motion of the water particles depends 

on the wave length and the depth of the water. 

In general, it can be stated that the advance 

of the wave form is associated with con- 

vergences and divergences of the horizontal 

motion. In front of the crest the motion is 

converging and the surface is rising, but behind 

the crest the motion is diverging and the sur- 

face is sinking. 

By energy of the wave is always understood 

the average energy over the wave length. The 

energy is in part potential, E,, associated with 

the displacement of the water particles above 
or below the level of equilibrium, and in part it 

is kinetic, E,, associated with the motion of 

the particles. In surface waves half the energy 

is present as potential and half as kinetic. 

The total average energy per unit area of the 

sea surface is H = p gH?/8, where g is the ac- 

celeration of gravity and p is the density of 
the water. For a 10-foot high wave the total 

average energy per unit area is 800 foot-pounds 

per square foot.1. Since g and p can be con- 

sidered constant the energy per unit area in a 

wave depends only on the square of the wave 

height. For the total energy per unit width 

along a wave length it is necessary to multiply 

the energy per unit area by the wave length. 

Waves of Very Small Height 

Waves of very small height are those for 

which the ratio of height to length is 1/100 or 

less. The simplest wave theory deals with such 

waves, the form of which can be represented 

by a sine curve (fig. 1.3). In water of constant 

depth d, such waves travel with the speed 

oe 4a tanh Qn = (1.2) 

where g is the acceleration of gravity. 

If d/L is large, that is, if the wave length is 

small compared to the depth, tanh 27 d/L ap- 

proaches unity and one obtains 

L 

Ce V IO, 
These waves are called deep-water waves. 

If d/L is small, that is, if the wave length is 

large compared to the depth, tanh 27d/L ap- 

proaches 27d/L and one obtains 

C = vod (1.4) 

These waves are called shallow-water waves. 

In general, waves have the character of deep- 

(1.3) 

1p = 2 slugs/ft® 

= 82 ft/sec? 

H = 10 ft 

15 ot = 800 ft-lbs/ft? 



water waves when the depth to the bottom 

is greater than one-half the wave length 

(d > L/2). However, for shallow-water waves 

the depth must be less than one twenty-fifth of 

the wave length (d < L/25). At intermediate 

depths the entire equation (1.2) must be used. 

In a low deep-water wave the water particles 

move in circles. At any depth z below the sur- 

face the radius of the circular path followed by 

a particle is 

He -29r2/L 

—— om (1.5) 

In this circle the speed is 

—272/L 

v= 2rr/T = — (1.6) 

as the particles complete one revolution in the 

time T. (See fig. 1.2.) 

A water particle at the surface remains at 

the surface throughout its orbit. A water par- 

ticle at a given average depth below the sea 

surface is farthest removed from the surface 

when it moves in the direction of wave 

progress. 
In a low shallow-water wave the vertical 

motion of the particles is negligible and the 

horizontal motion is independent of depth. The 

particles move back and forth, following nearly 

straight lines. 

In a deep-water wave only half the energy 

advances with wave speed, whereas in a shal- 

low-water wave all the energy advances with 

wave speed. The reason for this difference is 

DIRECTION OF PROGRESS ae 

FiGcurE I.2—Movement of water particles in a deep- 
water wave of very small height. The circles show 

the paths in which the water particles move. The 

wave profiles and the positions of a series of water 

particles are shown at two instants which are one- 

fourth of a period apart. The solid, nearly vertical 

lines indicate the relative positions of water par- 

ticles which lie exactly on vertical lines when the 

crest or trough of the wave passes and the dashed 

lines show the relative positions of the same par- 

ticles one-fourth of a period later. 

that in a deep-water wave only the potential 

energy varies periodically and advances with 

the wave form, but in a shallow-water wave 

both potential and kinetic energy vary periodi- 

cally and both advance with the wave form. 

These laws can also be stated by saying that 

the energy advances at a rate which, in a deep- 

water wave, equals half the wave speed, where- 

as in a shallow-water wave it equals the wave 

speed. 

Deep-Water Waves of Moderate and Great 
Height 

Waves of moderate and great height are 

those for which the ratio of height to length 

(H/L) is from 1/100 to 1/25 and from 1/25 to 

1/7, respectively. The form of these waves 

cannot be represented by a sine curve. For 

waves of moderate height the form closely ap- 

proaches the trochoid, that is, the curve which 

is described by a point on a disc which rolls 

below a flat surface (fig. 1.8). Waves of great 

height deviate from the trochoid; the troughs 

are wider and flatter and the crests narrower 

and steeper. Theoretically, the wave form be- 

comes unstable when the ratio H/L exceeds 1/7. 

Observational evidence indicates that instability 

occurs at a steepness as small as 1/10. 

The wave speed increases with increasing 

steepness (increasing values of H/L), but the 

increase of speed never exceeds 12 percent. 

LINE ALONG WHICH DISC ROLLS 

Ficure 1.3.—Profile of a trochoidal wave (solid 

lines) and of a sine wave (dashed lines). 

The water particles move approximately in 

circles, the radii of which decrease rapidly with 

depth. The particle speed is not uniform but 

is greatest when the particles are near the top 

of their orbit (moving in the direction of wave 

progress), with the result that the particles 

upon completion of each nearly circular motion 

have advanced a short distance in the direction 

of progress of the wave (fig. 1.4). Conse- 

quently, there is a mass transport in the direc- 

tion of progress of the wave. The mass trans- 



port speed (w) at the sea surface is expressed 

by the formula 

w = (mr H/L)?C (1.7) 

>———— 

re 

Figure I.4.—Orbital motion during two wave periods 

of a water particle in a deep-water wave of mod- 

erate or great height. In two wave periods the for- 

ward displacement equals 2wT. 

The speed is appreciable for high, steep 

waves but is very small for low waves of long 

period. Mass transport in waves has received 

little attention in previous work because in 
most practical applications it is sufficient to 

consider the water particles as moving in cir- 

cles regardless of the wave height. In order 

to understand the growth of waves through 

wind action, however, it is necessary to take 

the mass transport speed into account. 

Interference of Waves; Short-crested Waves; 

White Caps 

When waves of different heights and lengths 

are present simultaneously the appearance of 

the free surface becomes very complicated. At 
some points the waves are opposite in phase 

and therefore tend to eliminate each other, 
whereas at other points they coincide in phase 

and tend to reinforce each other. 
Asa simple case consider two trains of waves 

which have the same height and nearly the 

same velocity of progress. Owing to interfer- 
ence, groups of waves are formed with wave 

heights roughly twice those in the component 

wave trains, and between the wave groups are 

regions in which the waves nearly disappear 

(fig. I.5A). Analysis shows that these groups 

advance with a speed which is nearly equal to 
one-half of the average speed of the two trains. 

As another example, consider the simultan- 

eous presence of long, low swell and short but 

high wind waves. The resultant pattern is 

illustrated in figure I.5B from which it is evi- 

dent that the short, high waves dominate to 

such an extent that they obscure the presence 

of the swell. 

So far the discussion has dealt only with 

long-crested waves, that is, waves with very 

long, straight crests and troughs. Waves, how- 

ever, can also have short, irregular crests and 

troughs. In the presence of such short-crested 

waves the free surface shows a series of alter- 

nating “highs” and “lows”, as indicated in 

figure 1.6. This figure illustrates the topogra- 

phy of the sea surface, “highs” being shown 

with solid lines and “lows” with dashed lines. 

White caps are formed by the breaking of 

relatively short waves which often appear as 

“riders” on longer waves (fig. I1.5B). At wind 

speeds of about Beaufort force 4, such short 

waves grow so rapidly that their steepness 

reaches the critical value and they break. If 

interference occurs, long waves also may attain 

this steepness and break. 

A =_—_— 
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FicurE 1.5.—Wave patterns resulting from interfer- 

ence. A. Interference of two waves of equal height 

and nearly equal length, forming wave groups. 

B. Interference between short wind waves and long 

swell. 

DIRECTION OF PROGRESS ——> 
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Ficure I.6.—Short-crested waves. L is the wave-length, 

L' is the crest length. 



“Significant” Waves 

Because of the irregular appearance of the 

sea surface, it is necessary to describe the 

waves that are present by means of some statis- 

tical term. This term should give emphasis 

to the higher waves because they are opera- 

tionally more important than the lower ones, 

although the actual number of lower (and 

shorter) waves may be greater. For this rea- 

son it is not advisable to state the mean wave 

height for say a 14- or 1-hour period of obser- 

vation, but rather to use the average height of 

the highest one-third of all observed waves. 

This average is used herein and is called the 

“significant” wave height. This measure, as 

well as the mean, is not an exact measure be- 

cause it depends upon the extent to which small 

waves have been recorded. If every ripple is 
counted as a wave, both the mean height and 

the average height of the one-third highest 

waves are reduced. In practice all waves less 

than one foot are eliminated from considera- 

tion. Tests indicate that the average height of 

the one-third highest waves is less dependent 

upon the scope of the observations than the 

mean height and is, therefore, a more consistent 

measure. Furthermore, a casual observer tends 

EMPIRICAL KNOWLEDGE OF 

Measurements of Waves and Swell 

Wind waves are defined as waves which are 

growing in height under the influence of the 

wind. 

Swell consists of wind-generated waves which 

have advanced into regions of weaker winds 

or calms and are decreasing in height. 

So far the discussion of surface waves has 

dealt mainly with waves which appear as rhyth- 

mic and regular deformations of the surface. 

Because of interference, the formation of short- - 

crested waves, and the breaking of waves, there 

is little regularity in the appearance of the sea 

surface, particularly when a strong wind blows. 

Although individual waves can be recognized 

and their heights, periods, lengths, and veloci- 

ties measured, such measurements are extreme- 

ly difficult and comparatively inaccurate. The 

lengths of most waves and the heights of low 

waves are likely to be underestimated, while 

the heights of large waves are generally over- 

to pay more attention to the higher waves and 

reports a wave height which lies closer to the 

significant wave height than to the mean. 

Table I.1 shows the wave height characteris- 

tics of this measure. The significant wave 

height has been given a relative value of 1.00. 

Therefore, if the significant wave height is 

known, the height of the maximum wave, the 

average height of the highest 10 percent, and 

the average height of the entire wave train can 

be computed. 

TABLE I.1.—Comparison of wave-height characteristics 

Wave Relative Height 

Significant, a= sel eee 1.00 

Average) |= ee ee .64 

Highest 10 percent ________________ 1.29 

Highest: e-.~- a ee 1.87 

By using this table it is seen, for example, 

that if a wave train has a significant wave 

height of 10 feet, the highest wave is 18.7 feet, 

the average of the highest 10 percent is 12.9 

feet, and the mean wave height is 6.4 feet. 

This table represents preliminary results and 

should be used only as a guide until a larger 

number of records of sea and swell have been 

analyzed statistically. 

WIND WAVES AND SWELL 

estimated. Wave heights above 55 feet are 

extremely rare yet the literature contains many 

reports of waves exceeding 80 feet in height. 

Such errors are probably due to the complexity 

of the sea surface and the movement of the 

ships from which measurements are made. 

Reliable measurements of wave height H are 

so difficult that in general the reported values 

represent crude estimates. The height of a 

large wave is estimated as the eye height of 

the observer above the water line when the 

ship is on an even keel in the trough of the 

wave, provided that the observer sees the crest 

of the wave coincide with the horizon. The 

height of a small wave is estimated directly by 

using. the dimensions of the ship for compari- 

son. On board a small ship the height of the 

waves which are more than twice as long as 

the ship can be recorded by a microbarograph. 

The wave period T can be measured by re- 

cording the time interval between successive 



appearances on a wave crest of a well defined 

patch of foam at a considerable distance from 

the ship. In order to obtain a reliable value, 

observations should be made for several min- 

utes and averaged. 

The wave length L can be estimated by com- 

paring the ship’s length with the distance be- 

tween two successive crests. This procedure 

leads to uncertain results, however, because it 

is often difficult to locate both crests relative 

to the ship and because of the disturbance of 

the water caused by the movement of the ship. 
The speed of the wave C can be found by 

recording the time needed for the wave to run 

a measured distance along the side of the ship 

and by applying a correction for the ship’s 

speed. 
For more detailed instructions on making 

wave observations see H. O. Pub. No. 606-e, 

SEA AND SWELL OBSERVATIONS. 

Comparison of Measured and Computed Values 

Theory indicates that the speed, length, and 

period for deep-water waves are interrelated by 

the formulae 

Gain VEZ: 
2r 

2 
b= Qa C?/g —— 

T 

With C in knots, L in feet, and T in seconds 

G= IBA wib = ROBE (1.8) 

L = 0.555C? = 5.127? (1.9) 

== 022 15, == 0280 (1.10) 

Thus, if one characteristic is measured the 

other two can be computed, and if two or three 

are measured the correctness of the theory as 

applied to ocean waves can be checked. Com- 

parisons of computed and measured values have 

given satisfactory results, indicating that wind 

waves and swell in deep water do have the 

characteristics described above. In general, 

the conclusion that the ratio H/L always re- 

mains less than 1/7 is also confirmed by ob- 

servations as waves of this or greater steep- 

ness are very rarely reported. 

Empirical Relationships between Wind and 
Waves 

Observations of waves have not led to clear- 

cut conclusions about the empirical relation- 

ships between wind and waves. The following 

nine approximate relationships have been pro- 

posed by various workers: 

1. Maximum wave height and fetch—For a 

given wind velocity the wave height becomes 

greater the longer the stretch of water (fetch) 

over which the wind has blown. Even with a 

very strong wind the wave height for a given 

fetch does not exceed a certain maximum value. 

For fetches larger than 10 nautical miles it has 

been observed that 

Hmax. = 1.5 VF (1.11) 
where Hx. represents the maximum probable 

wave height in feet with very strong winds 

and F is the fetch in nautical miles. 

2. Wave Speed and Fetch.—At a given wind 

speed the wave speed increases with increasing 

fetch. 

3. Wave Height and Wind Speed.—The 

height in feet of the greatest waves with high 

wind speeds has been observed to be about 0.8 

of the wind speed in knots. If the entire range 

of wind speeds is considered the observed data 

conform to 

H = 0.026U2 (1.12) 

where U represents the wind speed in knots. 

4. Wave Speed and Wind Speed.—Although 

the ratio of wave speed to wind speed has been 

observed to vary from less than 0.1 to nearly 

2.0, the average maximum wave speed appar- 

ently exceeds slightly the wind speed when the 

latter is less than about 25 knots, and is some- 

what less than the wind speed at higher wind 

speeds. 
5. Wave Height and Duration of Wind.—The 

time required to develop waves of maximum 

height corresponding to a given wind increases 

with increasing wind speed. Observations 

show that with strong winds high waves will 

develop in less than 12 hours. 

6. Wave Speed and Duration of Wind.— 

Although observational data are inadequate it 

is known that for a given fetch and wind speed 

the wave speed increases rapidly with time. 
7. Wave Steepness.—No well established re- 

lationship exists between wind speed and wave 

steepness. This lack is probably due to the 

fact that wave steepness is not directly related 
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to the wind speed, but depends upon the stage 

of development of the wave. The stage of de- 

velopment, or age of the wave, can be con- 

veniently expressed by the ratio of the wave 

speed to the wind speed (C/U), because during 

the early stages of their formation the waves 

are short and travel with a speed much less 

than that of the wind, while at later stages the 

wave speed may exceed the wind speed. In 

order to establish the probable relation be- 

tween wave steepness and wave age, all wave 

observations were examined which appeared 

to be consistent with certain basic require- 

ments and for which values of H, L (or C or T), 

and U were recorded. The corresponding val- 

ues of H/L and C/U were plotted in a diagram 

(fig. 1.7). The scattering of the values is no 

greater than would be expected in view of the 

GROWTH OF 

A knowledge of the height, speed, and direc- 

tion of progress of wind waves is necessary if 

their arrival as swell at a distant coast is to be 

predicted. Direct observations of these wind 

waves are rarely available, but their height and 

period can be determined from consecutive syn- 

optic weather maps if the relationship between 

wind and waves is known. 

In the area of wave formation the highest 

waves present at any time depend upon the 

wind speed, the stretch of water over which 

the wind has blown (the fetch), the length of 

time the wind has blown over the fetch (the 

duration of the wind), and the waves which 

were present when the wind started blowing 

(the state of the sea). These four factors can 

all be determined if a sequence of weather maps 

is available showing the meteorological condi- 

tions over the ocean area in question at inter- 

vals of, say, 12 or 24 hours. These maps must 

be based on a sufficient number of ships’ obser- 

vations to make possible the plotting of fairly 

accurate isobars from which wind factors may 

be determined. In the tropics, wind observa- 

tions must be available from ships or exposed 

stations on islands. In middle and higher lati- 

tudes, direct wind observations on ships will 
serve as checks on wind estimates from the 

isobars. 

Thus, with adequate weather maps at one’s 

disposal, an estimate of the significant wind 

great errors of measurements. There appears 

to be a definite relationship between the steep- 
ness and the age of the wave. This relation- 

ship, shown by the curve in figure I.7, plays 

an important part in the theoretical discussion. 

8. Decrease of Height of Swell—tThe height 

of swell decreases as the swell advances. 

Roughly, the waves lose one-third of their 

height each time they travel a distance in miles 

equal to their length in feet. 

9. Increase of Period of Swell.—sSome au- 

thors claim that the period of the swell remains 

unaltered when the swell advances from the 

generating area, whereas others claim that the 

period increases. The greater amount of evi- 

dence at the present time indicates that the 

period of the swell increases as the swell 

advances. 

WIND WAVES 

waves can be made if accurate relationships 

between wave height and wind speed, fetch, 

and duration are known. Such accurate rela- 

tionships have not been developed in the past 

because of the inadequacy of observational data 

on waves, but they can be determined theoreti- 

cally from a consideration of the wind energy 

available for wave formation if the funda- 

mental assumption is made that the speed 

(period) of a wave always increases with time. 

The area in which waves are formed is called 

the generating area. In such an area waves 

receive energy from the wind by two processes: 

by the push of the wind against the wave crests 

and by the pull or drag of the wind on the 

water. 

The energy transfer by push depends upon 

the difference between wind velocity and wave 

velocity. If the waves advance with a speed 

much less than that of the wind, the push is 

great, but if the two speeds are equal no energy 

is transferred. If the waves travel faster than 

the wind they receive no energy but on the 

contrary meet a resistance comparable to the 

air resistance against a moving automobile. 

The effect of the push of the wind or of the 

air resistance against the waves depends on 

the form of the wave. There enters, there- 

fore, a fundamental coefficient which is related 

to the degree to which the wave is streamlined 

and which is called the sheltering coefficient. 



The determination of this coefficient is neces- 

sary for an exact evaluation of energy transfer 

by push. 

The pulling force of the wind always acts in 

the direction of the wind. It is the same at the 

wave crest and the wave trough but the effect 

differs. Energy is transferred from the air to 

the water (the movement of the surface layer 

is speeded up) if the surface water moves in 

the direction of the wind, but energy is given 

off from the water to the air (the movement 

of the surface water is slowed down) if the 

surface water moves against the wind. If wind 

and waves move in the same direction the water 

particles move in the direction of the wind drag 

while at the crest, but against the drag when 

in the trough. (See fig. 1.2.) In the absence 

of a mass transport speed the particle speeds 

at the crest and trough are equal but in oppo- 

site directions, so that the energy added by the 

pulling force of the wind at the wave crest is 

removed at the wave trough. In the presence 

of a mass transport speed, however, the for- 

ward motion at the crest is greater than the 

backward motion in the trough (fig. 1.4) and 

a net amount of energy is transferred to the 

water. No satisfactory explanation of the 

growth of waves has been given without assum- 

ing a transfer of energy due to the wind pulling 

at the water particles. 

Since the pulling force of the wind over the 

ocean is known, the energy transfer from the 

air to the water by wind drag can be computed 

with considerable accuracy from the theoretical 

values for mass transport speed given in Equa- 

tion (1.7). Even when the wave speed exceeds 

the wind speed, the effect of the wind drag 

remains nearly the same because it depends 

upon the difference between wind speed and 

particle speed in the water. In general the 

water particles move much more slowly than 

the wind even when the wave form moves much 

faster. If it is assumed that the wind cannot 

transfer energy to the water by pulling at the 

water particles, no satisfactory explanation can 

be given of the fact that waves frequently have 

a higher speed than the wind that produces 

them. 

Energy is dissipated by viscosity, but the 

viscosity of water is so slight that this process 

can be neglected. There is no evidence that 

energy is dissipated by turbulent motion in the 

wave. The chief processes that can alter the 

wave height or the wave speed in deep water 

are, ‘therefore, the push of the wind, which be- 

comes an air resistance if the wave travels 

faster than the wind, and the drag or pull of 

the wind on the sea surface. 

If the rate of energy transfer from the wind 

and the rate at which the wave energy ad- 

vances (p. 2) are known, it is possible to es- 

tablish a differential equation from which the 

relationships between the waves and wind 

speed, fetch, and duration are obtained as spe- 

cial solutions. The equation contains three nu- 

merical constants (including the sheltering co- 

efficient) which have to be determined in such 

a manner that all of the data and the empirical 

relations are satisfied. These conditions can be 

met, and at the same time discrepancies be- 

tween existing empirical relationships can be 

accounted for. 

The growth of waves as determined in this 

manner is illustrated in figures 1.8 and I.9 

which are constructed on the assumption that 

a wind of constant speed of 40 knots started to 

blow over an undisturbed water surface ex- 

tending for 800 or more nautical miles from a 

coast line. Figure I.8 shows the height and 

period of the waves as functions of the distance 

from the coast for various wind durations. 

Solid lines show the height and dashed lines 

show the periods. First, small waves are 

formed, probably by eddies striking the sea sur- 

face. At the coast the waves remain low, but 

off the coast they travel with the wind and grow 

as they receive energy by push and pull. When 

the wind has blown for 5 hours one finds that 

with increasing distance from the coast the 

waves increase rapidly in height and period out 

to a distance of 35 miles. There the waves are 

14 feet high with a period of 5.2 seconds. Be- 

yond 35 miles similar waves are present but 

there exists a striking difference between con- 

ditions inside and beyond the 35-mile point. 

‘Inside of 35 miles a steady state has been 
reached, that is, at any given point the waves 

do not change no matter how long the wind 

lasts; beyond 35 miles the waves continue 

to grow for a length of time which depends 

upon the distance from the coast. After 

10 hours a steady state has been established 

to a distance of 75 miles, after 20 hours to 

a distance of 205 miles, and so on. In fig- 

ure I.8 the solid and dashed curves show 

the steady state. Parts of the curves and the 
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horizontal lines represent the wave height and 
period as functions of the distance from the 

coast at intervals from 5 to 40 hours after the 

onset of the 40-knot wind. 

The fetch shown in figure I.8 can be limited 

either by the presence of a coast line or by 

the characteristics of a wind system over 

the open ocean. It will be seen from the figure 

that the wave heights produced by any given 

wind speed can be limited either by the length 

of the fetch or the duration time of the wind. 

Plate III has been devised to determine 

whether the fetch or the duration time is the 

limiting factor. Its use will be explained later 

in the section dealing with practical applica- 

tions. 
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Plates IV and V show wave heights and pe- 

riods as functions of duration time and wind 

speed, provided that the fetch is not limiting. 

When using plates III to V it should be borne 

in mind that the curves are constructed on the 

assumption that a constant wind suddenly bhe- 

gins to blow over an undisturbed water sur- 

face. If the wind speed changes gradually, an 

average velocity has to be introduced according 

to rules which are discussed when dealing with 

the practical applications. Also, allowances 

must be made for waves that are present when 

the wind starts blowing. 

Some other characteristics of the growing 

waves are shown in figure I.9. In the upper 

curve the wave steepness as expressed by the 
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FicurE I.9.—Wave steepness (upper graph), expressed by the ratio H/L as a function of distance from coast 

line at 10, 20, and 30 hours after a wind of 40 knots started to blow over an undisturbed water surface, and 

corresponding representation of wave age (lower graph) expressed by the ratio of wave velocity to wind 

velocity, C/U. 

10 



ratio H/L is plotted against the fetch F for a 
wind of 40 knots. The curve shows the steady 

state and the horizontal lines show the stage of 

development after 10, 20, and 30 hours. 

In the lower curve of figure I.9 the wave age 

as expressed by the ratio of wave speed to wind 

speed, C/U, is plotted against fetch. The wave 

age increases with duration until a steady state 

appropriate to the particular fetch is reached. 

Thereafter, any further increase can only take 

place if the fetch is lengthened. 

If the corresponding values of H/L and C/U 

are plotted in a graph with wave steepness 

H/L and wave age C/U as coordinates, they 

fall exactly on the curve in figure I.7, which 

represents the empirical data. Actually, this 

curve has been used for determining the con- 

stants needed for carrying out all computa- 

tions. By means of the curves in plates IV to 

VI it can be ascertained that the empirical re- 

lationships 1 to 6 are satisfied. 

According to figure 1.9 with a 40-knot wind 

the wave speed remains lower than the wind 
speed at fetches up to at least 600 miles. With 

increasing fetch the wave velocity would ulti- 

mately exceed the wind velocity and the waves 

would continue to grow in height but decrease 

in steepness. 

If the wave speed exceeds the wind speed the 

waves can no longer receive energy by push 

but will lose energy because of the air resist- 

ance they meet. They will, however, continue 

to receive energy by the pulling force of the 

wind and will grow in height until this gain is 

compensated by the loss due to air resistance, 

which occurs when the ratio C/U equals 1.45. 

The fetch and duration needed for reaching this 

stage increase rapidly with increasing wind 

velocity as shown in table I.2. If the fetch and 

the duration are longer than those listed in the 

table the highest significant waves will be pres- 

ent regardless of how much longer the wind 
blows. 

TABLE I1.2.—Highest significant waves produced by 

different wind speeds, and corresponding fetches and 
durations 

(Ratio of wave speed to wind speed equals 1.45; ratio 

of wave height to wave length equals 1/45.) 

Significant waves 

Wind 
speed Height Period Duration 
(knots) (feet) (seconds) (nautical miles) (hours ) 

10 ese 2.0 4.8 180 40 
PAD ee 9.0 8.6 550 >60 
SO eweret 19.5 11.1 720 >60 
40_____. 34.0 13.3 860 >60 
5) ( 51.0 15.2 1,000 >60 

Waves of the character shown in table I.2 

may be present in the trade wind regions and 

may be approached in the westerlies of the 

southern oceans. In the middle and higher lat- 

itudes of the Northern Hemisphere the fetches 

are so short that with strong winds the wave 

speed always remains less than the wind speed. 

Plates IV and V show only the significant 

waves present. These waves have traveled the 

entire distance from the beginning of the fetch. 

However, the wind can raise new waves any- 

where in the fetch, and some of these may grow 

slowly and reach heights corresponding to the 

distances they travel, while others may grow 

rapidly and break. These contribute to the 

broken appearance of the sea surface which is 

described as the state of the sea. 

DECAY OF WAVES 

Waves Advancing into Regions of Calm 

When waves spread out from a generating 

area into a region of calm only half of the 

wave energy advances with the wave speed. The 

consequence of this characteristic can be rec- 

ognized by examining a simple example. As- 

sume that a series of waves is formed by rhyth- 

mical strokes of a wave machine which at each 

stroke adds the energy E'/2 in a given locality. 

The first stroke creates a wave of energy H/2. 

11 

In the time interval between the first and sec- 

ond strokes one-half of this energy, H'/4, ad- 

vances on wave length and one-half, E’/4, is 

left behind. The second stroke adds E/2 to 

the part of the energy which was left behind. 

On completion of the second stroke two waves 

are present, one close to the wave machine with 

an energy 3H/4, and one which has advanced 

one wave length with energy E'/4. By repeat- 

ing this reasoning, table I.3 has been prepared, 



showing the distribution of energy in the waves 

after each of the first five strokes. As shown in 

the last line of the table a definite pattern has 

already developed after five strokes; the waves 

which have traveled the greatest distance have 

very little energy, the wave which has traveled 

half way has an energy #/2, and each of the 

waves closest to the machine has an energy 

which approaches the full amount #. When a 

large number of strokes has been completed 

these gradations are much clearer and the dis- 

tribution of energy can be represented sche- 

matically by the curve in figure I.10 which 

shows that the energy advances with a definite 

front. At the front the wave height increases 

from nearly zero to nearly its full value in a 

distance corresponding to a small number of 

wave lengths, and this front advances with half 

the wave speed. 

TABLE I.38.—Advance of waves from a wave machine 
into still water 

Number of 
strokes Relative energy of advancing waves 

AL) SECS Se ee ee ees 
4/8 alsin Be See eee | eee es 

11/16 5/16 W/NG g/EXee oe 
26/32 16/32 6/32 1/32 

When applying the above reasoning to the 

behavior of wind waves which advance into 

regions of calm it is necessary to consider also 

the following facts: (1) The wave loses energy 

because of the air resistance against the wave 

form, and (2) the wave speed (period) in- 

creases continuously. 

When the problem is treated analytically it 

is not necessary to introduce any new constants. 

The decrease in wave height and the period at 

the end of the calm area can be obtained as spe- 

cial solutions of the fundamental equation 

“FRONT “ OF ADVANCING ENERGY 

FIGURE I.10.—Advance of wave energy in time ¢ from 

a source into still water. A very small amount of 

the energy has advanced Ct. The region of rapid 

increase, the front, has advanced the distance Ct/2. 
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which was discussed in the section on the 
growth of waves. 

The travel time is computed from the group 

velocity of the swell at the end of the calm ac- 

cording to the relationship 

D 
WAGs (1.13) t= 

or 

_4r  D 

ON aes 
where tp is given in hours, D in nautical miles, 

and T> in seconds. 

The graphical results of these equations are 

presented in plate VI. The coordinates are the 

wave period 7, at the end of the fetch F, and 

the distance of decay D, that is, the distance 

which the waves travel through areas of calm. 

The main part of the graph contains three sets 

of curves. One set gives the factor by which 

the wave height at the end of the fetch H; must 

be multiplied in order to find the height of the 

swell Hp at the end of the distance of decay. 

The second set gives the wave period at the end 

of the distance of decay Tp. The third gives 

the travel time tp in hours for the distance D. 

An inset shows wave speed and length cor- 

responding to different periods. 

tp x (1.14) 

Effect of Following or Opposing Winds 

When a forecast of the weather situation or 

a subsequent weather map shows that the 

waves, instead of traveling through a calm, are 

traveling through a region where the wind has 

a component (greater than 10 knots) parallel 

to the direction of progress, the forecast must 

be modified by taking into account the effect of 

the following or opposing wind. The decay dia- 

gram (pl. VI) gives decrease in wave height 
and increase in wave period as a function of 

initial period and distance from the generating 

area. The only factor, aside from characteris- 

tics of the wave itself, which affects these 

changes is the opposition of the air to the move- 

ment of the wave. The decay diagram may be 

thought of as giving the changes in height and 

period as a function of the initial period and 

the amount of air with which the wave comes 

in contact, where the distances plotted along 

the horizontal axis represent values for still 

air. If the air is in motion, the actual distance 

the wave moves during the time it comes into 

contact with a given amount of air must be 



changed. The following or opposing wind may 

blow over only a part of the distance of decay. 

The problem is to determine how much more or 

how much less the wave height decreases in any 

given distance as compared to its decrease in 

the absence of wind. An effective decay dis- 

tance can be defined and the problem solved 

with plate VI by means which will be explained 

when discussing the practical procedure. 

Distance from which Observed Swell Comes; 

Travel Time; Speed of Wind which Pro- 
duced the Swell 

If the height and period of swell are observed 

it is possible to find approximate values of the 

distance to the end of the generating area from 

which the swell came, of the travel time of the 

swell, and of the wind speed in the generating 

area. Plate VII shows these values as func- 

tions of the observed height and period of the 

swell. 

The values which can be derived from the 

plate are only approximate because the height 

and period of the swell depend also upon the 

relation between wave and wind speeds (C/U) 

at the end of the fetch. For the present report 
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the ratio is assumed to vary in accordance with 

an assumed relationship between wind speed 

and duration. In plate VII two specific rela- 

tionships between wind speed and duration are 

shown in the inset. In the upper and lower 

parts of the diagram corresponding values of 

decay distance, travel time, and wind speed are 

shown. 

Choice of the better relationship between 

wind speed and duration must be based on a 

knowledge of weather situations which prevail 

in the area under consideration and on the 

common experience that high winds are usually 

of short duration while weaker winds may 

blow for a long time. For some combinations 

of observed height and period only one of the 

two parts of plate VII will apply. 

Results obtained from plate VII are only 

approximate since the wind speed and duration 

relationship may vary considerably from one 

weather situation to another. Lack of knowl- 

edge as to changes caused by following or op- 

posing winds and inaccuracies in the observa- 

tions of height and period of the swell also in- 

troduce errors. Values of decay distance and 

travel time obtained from plate VII are more 

accurate than values of wind speed. 



Section II 

FORECASTING WIND WAVES AND SWELL 

In section I the processes have been described 

which lead to the growth and decay of wind 

waves. Section II will describe the practical 

applications of the theory and its applications 

in making a reliable and useful forecast of wind 

waves and swell. 

The present approach to wind waves and 

swell forecasting is based upon the concept that 

the ocean surface generally can be described by 

any combination of these parameters. Until 

recently this approach has been considered suf- 

ficient; however, new problems are continually 

arising and new requirements are being placed 

upon the oceanographer for more complete de- 

scriptions of the sea surface. Until more ac- 

curate and undoubtedly more intricate descrip- 

tions of sea roughness can be made oceanog- 

raphers and meteorologists must make the most 
of the present techniques. 

Forecasts of wind waves and swell can be 

made with a reasonable degree of accuracy if 

adequate and consecutive surface weather maps 

are available. The factors to be determined 

from these weather maps are (1) the fetch, or 

generating area, (2) the wind direction, speed, 

and duration within the fetch, (8) wind condi- 

tions which may exist between the fetch and 

the target, and (4) the decay distance from 

the fetch to the target. Once these have been 

determined the technique for preparing wave 

forecasts is somewhat mechanical. However, it 

involves careful interpretation and interpola- 

tion of the data selected from the weather maps 

and careful use of the numerous graphs. The 

tables presented below have been compiled in 

order to assist in developing the proper con- 

cept of the terms used in preparing wave fore- 

casts. The terms are grouped according to 

three general conditions: (1) No decay dis- 

tance, (2) decay but no secondary wind, and 

(3) decay and secondary wind. These tables 

TABLE II.1.—Summary of quantities to be determined for preparing forecasts of wind waves 

(No decay or secondary wind area is involved.) 

Number Term Symbol Units Source Page Ref. 

1 | Isobar spacing in generating S Degrees of latitude_| Synoptic chart ____________ 16 
area. 

2 | Mean latitude (of generat- @ Degrees** . 2-2 Synopticuchart =a 16 
ing area). 

3 | Geostrophic wind __________ Ua Knots yg ae a Plate I using Nos. 1 and 2__ 16 
4 | Air temperature ________ e Degrees F, _--- Synoptickch'ar, t= 16 
5 | Sea temperature ______ 0. Degreesphy aaa Synopilcicha: | ————————_——— 16 
6 | Approximate surface wind Wie IK O tS fees eee Table I1.3 or plate II using 16 

speed. Nos. 3, 4, 5. 
ie) | WCUEVACUTE ZO telSODAT Spee! == (Nim wegel iad ents nemae eeauieer Noe Synopticucharti 17/ 
8 | Surface wind speed ________ U, IK O GSR, te Table I1.4 or plate II using 17 

Nos. 6 and 7. 
9 | Observed wind at sea surface_ (U) Beaufort force ____| Synoptic chart _____________ 17 

10 | Previous surface wind speed (U.) Knots, AS es Computed from previous sy- 4/ 
noptie chart. 

11 | Average surface wind speed_ U Knotsa t= aes Equation (II.1) or table 17 
11.6 using Nos. 8 and 10. 

12 | Previous wave height ______ (A) Reet. So steerer Computed from previous sy- 18 
noptie chart. 

13 | Time for U to raise (H)___ Pa) IH OUTS gee Sea eee Plate IV using Nos. 11 and 19 
12. 

14 | Duration of wind __________ ta oursye == seen No. 13 plus time of map 18 
interval. 

1D) | Meteh =) et ete El F Nautical miles _____ Symopticn char: 17 
16 | Minimum wind duration____ Gary FOUTS ia ee nee Plate III using Nos. 11 and 19 

5: 
17 | Wave height at end of fetch_ Hy Meet 22 =e Plate IV using Nos. 11 and 19 

14 or No. 16, whichever 
is smaller. (Use plate V 
if t2 <12 hours.) 

18 | Wave period at end of fetch_ Tr ‘Seconds#= aaa Samerasm Nos (jeans 19 

14 



TABLE II.2.— Summary of additional quantities to be determined for preparing forecasts of swell 
(Decay is involved but secondary wind is not.) 

Number Term Symbol Units Source Page Ref. 

19 | Decay distance ____________ D Nautical miles _____ Synoptic chart ____________ 20 
20 | Wave period at end of decay_ To Seconds ___________ Plate VI using Nos. 18 and 20 

19. 
21 ses factor for wave Je lsayffl (oop |S eee epee ARS ete ew Same as No. 20____________ 20 

eight. 
22 | Wave height at end of decay_ Hp Ree tere Se No. 17 multiplied by No. 21_ 20 
23 | Travel time of waves to end to Talobers) | Plate VI using Nos. 18 and 20 

of decay. 19. 
24 | Wave length at end of decay_ Lp Meet rar eee Inset of plate VI using No. 20 

20. 
25 | Wave speed at end of decay_ Co Kn O tS ogee ee loa Inset of plate VI using No. 20 

; 20. 

TABLE II.3.—Summary of additional quantities to be determined for preparing forecasts of swells 
(Secondary wind over decay distance) 

Number Term Symbol Units Source Page Ref. 

26 | Wind velocity component in U’ Knots? eek aot Computed from synoptic and 20 
secondary wind area par- prognostic charts. 
allel to direction of wave 
travel. 

PAPA ES 6 CH Baa Dire eee te SE eee I | Gs || ee Se ee Oe Same as No. 26 _______-___ 20 
28 | Uncorrected wave period at |Tp(uncorr.)} Seconds ___________ Plate VI using Nos. 18 and 21 

distance D. 19. 
29 | Wave speed at distance D___ Cp Kir0 tS eee | Inset of plate VI using No. 20 

: 28. 
30 | Effective distance of decay__ De Nautical miles _____ Equation (II.2) or (11.3), 20 

using Nos. 19, 26, and 29. 
381 | Wave period at end of ef- Te Secondsy==se===eaan Plate VI using Nos. 18 and 21 

fective decay. 30. 
32 | Reduction factor for wave | Hp./Hy |-----------------___ SameyaspNowc lee 21 

height, 
83 | Wave height at end of ef- Ho. eet) Sa eB eOeL No. 17 multiplied by No. 3@_ 21 

fective decay. 
34 | Travel time to end of ef- toe ours) = Sue eae Equation II.4 using Nos. 19 20 

fective decay. and 34. 

If both secondary wind and calm occur, the following additional quantities must be determined : 

' Nautical miles 35 | Distance to beginning of D' __\ Nautical miles _____ Synoptic and _ prognostic 21 
secondary wind area. charts. 

86 | Distance to end of secondary D" Nautical miles _____ SamenaspNOsob) soe 21 
wind area. 

contain reference numbers, terms, symbols, 

units of measurement, sources from which the 

value of the terms or quantities are obtained, 

and page references indicating where the terms 

are discussed. 

It will also be necessary to determine heights, 

periods, and travel times at these intermediate 

distances which are indicated by H, T, and ft, 

respectively, with the appropriate subscript 

(D’ or D"). 

DETERMINATION OF WIND WAVES 

Wind Direction 

Outside of the tropics the wind direction over 

the ocean can be determined from the isobars 

by applying the rule that the wind deviates 

10 degrees to the left of the gradient wind in 

15 

the Northern Hemisphere and 10 degrees to the 

right in the Southern Hemisphere. Where the 

isobars are nearly straight (fig. II.1 A and B) 

the winds to be considered in forecasting swell 

are those with directions within 30 degrees of a 



IN 
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Figure II.1— Boundaries of the fetch for different types of isobars. 

line joining the generating area and the locality 

for which forecasts are to be made. Where the 

isobars are curved (fig. II.1 C) the winds to be 

considered are those with directions within 45 

degrees of a line joining the generating area 

and the locality for which the forecasts are to 

be made. The reasons for these rules are that 

(1) the course of the isobars is not exactly 

known and (2) the wind direction is never 

exactly steady, so that all the waves in the fetch 

are not moving in the mean wind direction. 

Therefore, the swell spreads out when entering 

areas of calm, and the spreading out will be 

greater for a region with curved isobars. 

In the tropics the wind direction must be de- 

termined from observations on board ship or 

at exposed island stations. 

Wind Speed 

Due to the paucity of synoptic weather data 

for oceanic areas the observational data that 

may exist in pertinent areas cannot be used 

effectively for the computation of sea condi- 

tions. Its primary purpose, therefore, is to 

verify wind speeds computed from the isobaric 

structure on the weather maps. 

A number of factors are involved in the com- 

putation of the surface wind velocity responsi- 

ble for sea conditions. These factors are the 

isobaric spacing and curvature, the mean lati- 

tude of the fetch, the stability of the air masses 

involved, and the determination of an average 

wind velocity that has been instrumental in 

creating the sea. This wind determination is a 

weighted resultant of the synoptic wind veloci- 

ties computed from the maps spanning the time 

interval under consideration. 
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In order to compute the surface wind speed 

U,, the influence of the lapse rate upon the wind 

profile must be considered. If the air tempera- 

ture © is subtracted from the sea temperature 

®,, the resulting difference, called the sea-air 

temperature difference, is an indication of sta- 

bility in the lower layers. A relationship be- 

tween wind ratio (ratio of approximate sur- 

face wind U’, to geostrophic wind U,) and the 

sea-air temperature difference was obtained 

from a statistical study of ocean weather re- 

ports and analyses. The results are summar- 

ized in table II.4. 

TABLE II.4.—Stability factors 

U' / Usa 
8.—9 

(degrees F.) 

The complete method of obtaining surface 

winds for use in sea and swell forecasting is as 

follows: 

a. Determine the geostrophic wind over the 

fetch, giving particular emphasis to the down- 

wind end of the fetch. 

b. Estimate the average sea-air temperature 

difference over the fetch. 

c. Using the sea-air temperature differences 

in table II.4, determine the wind ratio U’,Ug. 

Multiply the geostrophic wind by the wind ra- 

tio. The result is the approximate surface 

wind speed U’,. 



TABLE II.5.—Curvature correction 

Great cyclonic curvature of 
isobars 

Great anticyclonic curvature Moderate to straight 
i of isobars isobars 

tablets eee we Subtract 15 percent of speed | No correction applied | Add 5 percent of the speed 
Indifferent _______ Subtract 10 percent of speed | No correction applied | Add 10 percent of the speed 
Unstable sae Se Subtract 5 percent of speed | No correction applied | Add 15 percent of the speed 

1 Negative values of (Qs: — 9) indicate stability and positive values indicate instability. 

d. Make correction for the curvature of the 

isobars on the approximate surface wind ac- 
cording to table II.5 to obtain the surface wind 

speed U,. 

The stability and curvature corrections can 

most conveniently be made by use of the align- 
ment chart of plate Il. The example illustrates 

the use of this chart. 
The wind speed found in steps a through d 

above applies only to the current weather map 

and may differ from the wind speed over the 

same area according to the preceding map. A 

constant wind speed was assumed in the prep- 

aration of plates IV and V which are used to 

determine the wave height, and it is therefore 

necessary to introduce an average wind speed 

which can be considered applicable to the entire 

time interval between the two maps. Forecast- 

ing experience has indicated that a time inter- 

val of 12 hours between maps is generally most 
satisfactory. 

The average wind speed can be obtained by 

first finding the component of the wind on the 

current map. Then for decreasing winds add 

one-fourth of the difference between these two 

speeds to the later speed, that is, 

U=¥%([(U.)—-U.] + U,  (i1-1) 

For increasing winds determine the differ- 

ence between the two speeds and subtract the 

corresponding value given in table II.6 from 

the later wind speed. 
Ships’ observations should be used as a check 

on the computed wind speed. A difference of 

not more than one force on the Beaufort scale 

TABLE II.6.—Correction for increasing winds 

Speed difference Subtract from later 
(knots) spe 

<3 0 
3-6 1 
7-11 2 

12-17 3 
>17 4 
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between computed and observed wind speed is 

a satisfactory check. 

Fetch 

The fetch is the horizontal length of the gen- 

erating area in the direction of the wind, that 

is, the distance between the rear and the front 

boundaries of the generating area. In general, 

the fetch boundaries are determined by coast 

lines or by one of the following: (a) Fanning 

out of the isobars, (b) meteorological fronts, 

or (c) curvature of the isobars as shown sche- 

matically in figure II.1. When the boundaries 

have been decided upon, the fetch is measured 

on the map. 

The determination of the generating area or 

the fetch is probably the most subjective factor 

in the entire process of wave forecasting. It 

is difficult to set up hard and fast rules for 

determining these elements because of the great 

variety of weather situations that can be en- 

countered. A few rules of thumb and examples 

will be given here, but proficiency in determin- 

ing the fetch can come only from first hand 

experience. 

The following steps are suggested as a guide 

in selecting a generating area and fetch: 

a. Decide on the boundary limits of the 

generating area by drawing a few lines out- 

ward from the forecast locality toward the 

generating area. The exact boundaries of 

the generating area are delineated in the case 

of moderate to straight isobars by winds 

whose directions are within 30 degrees of a 

line joining the generating area and the fore- 

cast locality or, in the case where the isobars 

are curved, by the winds whose directions are 

within 45 degrees of a line joining the gen- 

erating area and the forecast locality. (See 

fig. IT.1.) 
b. When a decay distance of 500 miles or 

greater exists between the forecast locality 

and the generating area, the portion of the 

generating area with winds of 20 knots or 



less can be disregarded in computing the 

fetch. This practice is allowable because 

waves raised by a wind no greater than 20 

knots will be reduced to negligible propor- 

tions in traveling through a distance of decay 

of 500 miles or more. 

c. The fetch is the distance between the 

forward and rear boundaries of the generat- 

ing area. However, if over the generating 

area the surface wind speed, as determined 

by individual isobar spacings, varies by an 

amount of one force or more on the Beaufort 

scale, two fetches should be selected, one for 

the greater and one for the lesser wind 

speed. Likewise, when the isobars in the 

generating area have a large curvature 

(fig. II. C) two fetches should be measured. 

Moving Fetch 

If successive weather maps show that the 

fetch is moving, the wave forecast must be 

modified to take account of this fact. The gen- 

eral problem is complicated since the move- 

ment can take place at any angle to the wind 

direction within the fetch, as shown by figure 

II.2. No fully satisfactory results can be given, 

but qualitative adjustment of the forecast can 

be made, at least in the cases where wind di- 

rection is perpendicular or parallel to the di- 

rection of fetch motion. 

If the fetch is moving perpendicularly to the 

wind within it (F—2 and F—4 in fig. II.2), the 

wave height will be limited by the time during 

which the wind acts over the water which is 

not moving. This maximum duration time may 
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DIRECTION OF MOTION OF PRESSURE SYSTEM. 

(WIND DIRECTION SHOWN BY ARROWS WITHIN PRESSURE 

SYSTEM.) 

FiIGurRE II.2.—Possible combinations of feteh movement 

and wind direction. 

be determined by dividing the width of the 

fetch by the speed with which it is moving. 

This will give the maximum duration time. If 

the fetch has not been in existence this long, 

the actual duration time must be used in com- 

puting the waves. 

The fetch movement parallel to the wind di- 

rection has the effect of changing the fetch dis- 

tance, making it longer if the motions are in 
the same direction (F-8 of fig. II.2), and mak- 

ing it shorter if the motions are opposite (F-1 

of fig. II.2). In the latter case the fetch dis- 

tance cannot be divided by the speed to get a 

duration time as the waves themselves are 

traveling out of the fetch. It has been sug- 

gested that the duration time computed by 

dividing the length of the fetch by its speed be 

reduced about 40 percent, but since the effec- 

tive duration time is dependent on the speed 

of the wind and waves as well as that of the 

fetch, no hard and fast rules can be given. The 

best approach is probably to determine the 

group velocity of the waves as though the fetch 

were not moving; then, by using this figure and 

the fetch speed, determine when the fetch and 

waves will be separated so that the fetch will 

no longer be effective in increasing wave height 

and period. 

A similar approach can also be used with the 

fetch moving in the same direction as the wind 

within it (F-3), i. e., determine the group 

velocity as though the fetch were stationary, 

then determine where the waves will be in re- 

lation to the fetch on subsequent maps, and 
modify the forecast as required. 

Wind Duration 

The duration of the wind is determined from 

a comparison of current and preceding weather 

maps. The duration of the average wind speed 

equals the time interval between the current 

and preceding maps plus a correction deter- 

mined from the height of the waves present at 

the beginning of the preceding map. These 

waves should be known from computations 

based on the preceding map. Only the waves 

which travel at an angle less than 45 degrees 

from the average wind direction should be ex- 

amined. The correction is obtained by the 

following procedure: 

Enter plate IV or V with the average wind 

velocity and follow a horizontal line to the 

curve of the wave height on the preceding 



day. The corresponding duration, as read 

off from the top or bottom scale, represents 

the time correction to be added to the time 

interval between the maps. 
Example: To determine correction for du- 

ration time (map interval 12 hours). 

Given U = 29 knots 

(H) = 8 feet. 

From plate V the time needed for a 29- 

knot wind to raise 8-foot waves = 4 hours. 

Therefore, corrected duration time of U = 

16 hours. 

Wind Waves 

Hither fetch or duration can be the determin- 

ing factor in the production of wind waves. To 

determine which is critical plate III has been 

devised. It translates fetch into equivalent 

duration time so that a comparison between the 

two—fetch in terms of time and actual duration 

time—can be made. The lesser of the two is 

used for all computations involving the dura- 

tion of the wind. 

Plates IV and V give wave height and pe- 

riods at the end of the fetch corresponding to 

the duration time and wind speed. 

When the actual duration is short plate V is 

used for computation of wave height and pe- 

riod at the end of the fetch. 

Example A: To find Hy and Ty (tun, greater 

than tz). 

Given U = 30 knots 

F = 600 nautical miles 

tz = 32 hours 

From plate III, tan. = 52 hours; therefore 

use 32 hours for ¢,. 

From Plate IV, H; = 18 feet 

Ty = 8.7 seconds. 

Example B: To find Hp and Ty (tmin, less 

than ta) 5 

Given U = 30 knots 

F = 60 nautical miles 

tz = 12 hours. 

From plate III, tin, = 9.6 hours; therefore 

use 9.6 hours for ¢,. 

From plate V, Hy = 13 feet 

T;, = 5.6 seconds. 

When the wind over the generating area de- 

creases from its value on the preceding map, 

special problems arise if the resultant wind is 

insufficient to raise waves of the height which 

are already known to exist. In such cases, if 
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the wind decreases to a value less than two- 

thirds of the original value use the following 

wind procedure outlined below (p. 20). 

Otherwise proven techniques are lacking, but 

the following suggestions give reasonable re- 

sults: 
On plate IV use for H; the wave height for 

the lower wind with a duration time of 60 

hours. The height probably adjusts to this 

value rather quickly. 

In computing the wave period, the value 

obtained from plate IV by using the lower 

wind and the computed duration . time 

(greater than 60 hours) will generally be too 

high, although the period will continue to in- 

crease even with lowered wind velocity. In 

this case use the increase in period which 

the waves computed for the previous map 

would undergo at the lowered wind velocity 

in the additional duration time (map in- 

terval). 

Example: To find Hy and T, [resultant 

wind U insufficient to cause previously exist- 

ing wave height (H) ]. 

Given T, = 6.3 seconds 

(H) = 13 feet 

U = 22 knots. 

From plate IV, when U = 22 knots, maxi- 

mum wave height — 11 feet = H,. 

From plate IV, time for a 22-knot wind to 

produce wave of 6.3 seconds = 22 hours. 

Then, 22 hours + 12 hours (map interval) 

= 34 hours. 

For U = 22 knots and tz, = 34 hours, Tr 

= 7.3 seconds. 

It may happen that the lower wind speed will 

not produce waves of the period known to exist 

even with 60 hours of duration time. In this 

case use the increase of period which would oc- 
cur if the energy front were to decay through 

the distance obtained by multiplying the group 

velocity of the initial period by the actual dura- 

tion of the lowered wind speed. 
Example: To find Ty, (resultant wind U in- 

sufficient to cause previously existing wave 

period T;). 

Given previously existing T;, = 9 seconds 

U = 20 knots. 

Group velocity of a 9-second wave is 13.5 

knots (one-half of wave velocity). Distance 

traveled in 12 hours is 162 nautical miles. 

From plate VI, 9-second waves increase to 10 

seconds in this decay distance. 



DETERMINATION OF SWELL 

Waves Advancing through Regions of Calm is either following or opposing the motion of 
Plate VI is used to obtain the changes in the waves, their height and period are modified 

wave height and period, and the travel time ® indicated in section I, page 12. This change 

from the time the waves leave the generating 18 Made by substituting for the actual decay dis- 
area until they reach a point near the coast in tance an effective decay distance which is then 

deep water! at the forecast locality, having used for the subsequent calculations. For calm 

traveled through a region where the component iF the effective decay distance is equal to 
of the wind parallel to the direction of progress the actual decay distance; for the following 
of the swell does not exceed 10 knots. The winds the effective decay distance is shorter; 

region through which the swell travels after it and for opposing winds the effective decay dis- 

leaves the generating area is known as the dis- tance us longer. Thus, the effective decay dis- 
tance of decay. tance is related to the movement of the waves 

Entering plate VI with the distance of decay Telative to the air. If De represents the ef- 
and the period at the end of the fetch, one can fective decay distance and U' is the speed of 
read off the travel time in hours, the wave pe- __*he following or opposing wind, then 
riod in seconds at the end of the decay distance, >) De/D =(€— U/C (11.2) 
and the reduction factor to be applied to the 

wave height at the end of the fetch. From the 

inset in plate VI are found the wave speed 

and wave length corresponding to any given 

wave period. 

The direction of wave motion is positive and 

the sign of U’ is determined relative to it; fol- 

lowing winds have a positive sign and opposing 

winds have a minus sign. Use of equation 

(11.2) involves a question as to the value which 
Example: To find Hp, Tp, and tp. should be used for C, but the value of Cp (wave 

Given H; = 18 feet speed at the end of the secondary wind area) 

T;, = 9 seconds computed for a decay distance D without re- 

D = 600 nautical miles. gard to the following or opposing winds is suf- 

From plate VI, tp = 33 hours ficiently accurate for this purpose. Equation 

‘ Bui sty i (11.2) can then be used in the form 
= 12.1 seconds 

Hy/He = ih De =D (1—U‘/Cp) (11.3) 
Hy = (Ap/H,r) (Hr) = (18) (0.46) = 8.3 feet. When a secondary wind is present the travel 

time is computed according to the following 

Effect of Following or Opposing Winds formula: 

When, instead of traveling through an area toe = D/N52T in. (11.4) 

of calm, the waves are subjected to a wind that However, in actual practice the following or 

1 Deep water is defined as water of depth equal to or opposing winds seldom blow over the entire de- 

greater than one-half the length of the wave. cay distance. (See fig. II.8.) Therefore, the 
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FicureE II.3.—General case of wind situation causing the growth and decay of waves. 
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effects of calm and secondary wind areas must 

be calculated separately. 

The method of computing the decay of waves 

for the general case is as follows: 

1. Measure distances D’, D’, and D. 

2. Using T, and D’, determine from plate 

VI Ap, Tp, and tp. the height period, 

and travel time, respectively, to the end 

of D’. 

Calculate U', the velocity component of 

the secondary wind parallel to the direc- 

tion of wave movement. 

Determine 7'p.. (uncorrected for secondary 

wind) and the corresponding Cp. from 

plate VI. 

Compute an effective decay distance from 

equation (11.3) equivalent to D’—D’. 

Using Tp. and De, determine Hp. and 

Tp. (corrected). 

. Using equation (11.4), Tp. (corrected), 

and distance D” — D', compute the travel 

time tp.. through the secondary wind area. 

Using T>. (corrected) and distance D- 

D", determine from plate VI Hp./Hr, Tye, 

and t;p_p»). 
Add to: tpn, and tip—p") to find toes the 

travel time through the entire decay 

distance. 

It is possible to combine some of these 

steps by defining the effective decay as the total 

distance, both calm and secondary wind areas 

through which the waves must travel. Then 

De = D' + (D-D") + (D'-D') (1-U'/C>.) 
= DUD) CO fOr) (11.5) 

This formula will allow the determination of 

Hp, and T>p, directly, but the travel time must 

still be computed by steps 1 through 9 above. 

Example: To find Hp., Tp, and tp, with fol- 

lowing or opposing wind over decay area. (See 

figure II.3.) 

Given H; = 20 feet 

Ty = 5 seconds 

D = 1200 nautical miles 

D' = 400 nautical miles 

D” = 800 nautical miles 

U' = 20 knots. 

At D 

Hy./Hy = .26 

Hy. = 5.2 feet 

Tp. = 8.3 seconds 

tp. = 31 hours 
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At D" 

Tp (uncorr.) = 10.6 seconds 

Clyn = 32 knots 

De = 150 nautical miles 

Hy./Hp =o 

aye = 3.9 feet 

Tp. (corr.) = 9.3 seconds 

tp. = 28.2 hours 

At D 

Ayp./Hp. = .58 

Hy. = 2.3 feet 

T de = 11.4 seconds 

tip—p») = 23 hours 

toe = 82.2 hours 

For comparison purposes the results are 

given as if there were no secondary wind. 

Hp = 1.8 feet 

Tp = 12.5 seconds 

tp = 64 hours. 

It will be noted that the effect of the following 

wind is to make the swell arrive later but 

higher and with a shorter period. An opposing 

wind will cause just the opposite effects. 

The general case described here probably oc- 

curs only infrequently in nature. More likely 

are the special cases shown schematically in 
figure IT.4. 

Diminution of Swell 

Occasionally, precise determination of the 

diminution of swell is necessary. It may be 

necessary to state when the swell will first fall 

below a certain height. This problem may be 

solved by considering the relations between 

wave height at any point in the fetch, the 

length of the fetch, and the actual duration 

time. In considering the growth of waves it 

was assumed that a wind of constant velocity 

began to blow over an undisturbed water sur- 

face. If the fetch is unlimited, the constant 

wind will cause at any time waves of constant 

height and period in an area determined by the 

duration of the wind only (see p. 8). A mini- 

mum fetch (Fnin.) can be defined which is the 

shortest possible fetch for the wind speed to 

establish the highest significant wave possible 

in the time during which it has been blowing. 

This minimum fetch can be determined from 

plate III by using the actual duration time and 

the wind speed. In all parts of the fetch except 

this minimum fetch the significant waves will 

have the same height and period. Now, if we 
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Figure II.4.—Various types of wind situations causing the growth and decay of waves. 
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make the opposite assumption from the one 

necessary to determine the formation of these 

waves, i. e., that the wind stops blowing every- 

where over the fetch at the same time, the only 

difference between the behavior of the waves at 

the downwind and upwind ends of the fetch is 

that the latter will have to travel farther to 

reach the shore or target in which we are in- 

terested, or in other words, the decay distance 

will be longer. This extra decay distance is 

the entire area in which waves of constant 

characteristics were previous established, or 

F—-F yin. 

There remains to consider the behavior of 

the waves within the minimum fetch as they 

pass through the constantly lengthening decay. 

Proceeding upwind, each wave is slightly lower 

than the one ahead of it and has a shorter 

period. Thus, a wave farther from the target 

will not only have to travel farther, but also 

will have less energy to perform this travel. 

Consequently, as soon as the waves generated 

in the minimum fetch begin to arrive at the 

target we can expect a more rapid decrease in 

height than was experienced with the waves 

from the fetch greater than the minimum. It 

will usually be found that if the minimum fetch 

is successively halved the wave heights at the 

target soon become so small as to be negligible. 

This method is also used when the minimum 

fetch is greater than the actual fetch. 

Example: To determine diminution of swell. 

Given U = 20 knots 

tz = 20 hours 

F = 300 nautical miles 

D = 200 nautical miles. 

(1) Hr = 8 feet (pl. IV) 

Tr = 5.6 seconds (pl. IV) 

Hy/Hy = .50 (pl. V1) 
i = 7.6 seconds (pl. VI) 

tp = 18 hours (pl. VI) 

Hp = 4.0 feet 

(2) Fin. = 135 nautical miles (pl. III) 

365 nautical miles (D+ F—F yin.) 

= .36 (pl. VI) 

Tp = 8.5 seconds (pl. VI) 
tp = 28 hours (pl. VI) 
Hy = 2.9 feet. 

(3) F = 75 nautical miles (arbitrary) 

Hy = 7.9 feet (pl. IV) 

Tr = 5.0 seconds (pl. IV) 

D = 425 (D+ F—75) nautical miles 

Hy/Hp = .25 (pl. V1) 

Tp = 8.3 seconds (pl. VI) 

tp = 32 hours (pl. VI) 

Hy = 2.0 feet 

(4) F = 80 nautical miles (arbitrary) 

Hy = 6 feet (pl. IV) 

Tr = 38.8 seconds (pl. IV) 

D = 470 (D+ F— 80) nautical miles 

Hy/Hy = .13 (pl. VI) 

Tp = 8.0 seconds (pl. VI) 

tp = 38 hours (pl. VI) 

Hy = .9 feet 

Since wave decay is not linearly proportional 

to the decay distance, direct linear interpola- 

tion between these values is not strictly correct. 

However, it appears to be sufficiently accurate 

for most purposes and, if greater precision is 

desired, intermediate computations may be 

made for other fetches both greater and less 

than the minimum. 

The complete forecast for this situation 

would then be for waves with significant height 

of 4 feet to arrive 18 hours after map time, 

diminishing to 3 feet in the following 10 hours, 

to 2 feet after 4 more hours, and to less than 

1 foot in the following 6 hours, or 38 hours 

after map time. If other values are desired, 

these may be plotted on a graph of wave height 

against time, and the height at any time or the 

time for any height read from the graph. 

ALIGNMENT CHARTS AND GRAPHS 

The theoretical basis and practical use of the 

alignment charts and graphs are discussed else- 

where in the text. This section deals with the 

mechanics of their use. 
Plate I is a sea level, geostrophic wind scale 

for 3-millibar spacing of isobars. Enter the 

bottom of the graph with the degree interval 
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between isobars in the fetch. Proceed verti- 

cally to the diagonal representing the mean 

latitude of the fetch. Proceed horizontally and 

read wind speed in knots at the right-hand 

edge of the graph. 
Plate II is an alignment chart to determine 

the surface wind from the geostrophic wind. 



Place one end of a straight edge at the geostro- 

phic wind speed on the extreme left-hand scale 

and the other end at the sea-air temperature 

difference. Read the approximate surface wind 
on the scale so labeled. Turn the straight edge 

on this point to intersect the curvature correc- 

tion scale in the upper right-hand corner. Read 

the surface wind speed at the intersection of 

the straight edge and the scale labeled U,. An 

example is shown on the nomogram. 

Plate III shows minimum duration time for 

any fetch. Enter with surface wind speed at 

the left. Proceed horizontally to the appro- 

priate curved line of fetch distance. Proceed 

vertically and read minimum duration time 

from the scale along the bottom of the graph. 

Plate IV gives the wave height and period 

as functions of the wind speed and duration. 

Enter at the left-hand side with wind speed 

and proceed horizontally to the vertical repre- 

senting duration time. At this intersection 

read the wave height from the solid, curved 

line and the period from the dashed, curved 

line. 

Plate V is similar to plate IV and is used in 
the same way when the duration time is less 

than 12 hours. 

Plate VI is the decay diagram. Enter on the 

left with the wave period at the end of the 

fetch. Proceed horizontally to the vertical rep- 

resenting decay distance. At this intersection 

read the reduction factor H,p/H,, the travel 

time, and the period at the end of the decay. 

The inset on this plate gives the wave speed 
and wave length appropriate to the wave 

period. 

Plate VII shows the distance from the gen- 

erating area and the wind speed in this area as 

functions of the height and period of an 

observed swell. Enter on the left with the 

observed height and proceed horizontally to 

the intersection with the vertical representing 

the observed period. At this intersection read 

the distance to the generating area, the wind 

speed in the generating area, and the travel 

time of the waves. 

Plate VIII contains a nomographic repre- 

sentation of the wave growth and decay rela- 

tionships which has been fashioned to eliminate 

certain readings of intermediate quantities and 

slide rule operations. This plate also contains 
an example. The following instructions are 

for using the four sections of the plate: 
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1. Enter 1 with the given value of the 

wind and proceed along a horizontal line 

from left to right to the given fetch or dura- 

tion time, whichever occurs first. 

2. From this point proceed upward along 

a vertical line into 2 to the intersection of 

the vertical line with the curve correspond- 
ing to the given value of wind speed. Read 

the value of Hy (and T; if desired) at this 

point. 

8. Proceed along a horizontal line into 3 

to the intersection of the horizontal with the 

given value of the decay distance. Read Tp 

or Tp, and tp at this point. 

4. Proceed down along a vertical into 4 

to the intersection of the vertical with given 

H, line corresponding to the value found in 

2. Proceed along the horizontal to the scale 

at the right, reading Hp or Hp, from that 

scale. 
Plate IX contains an alignment chart for 

wave generation with an example. An explana- 

tion for the use of the duration scale follows: 

1. Copy the scale at the bottom of the dia- 

gram on a tracing vellum strip for use as 

an index line. 

2. Set the index line on given wind speed 

on left-hand vertical scale and on given dura- 

tion time on right-hand vertical scale. 

3. Slide index line so that the point of 

intersection with turning line coincides with 

wind on index line wind scale. 

4. Pivot index line about point of inter- 

section until it is perpendicular to the turn- 

ing line. 

5. Read wave height H>, at intersection of 

height curve with index line, and wave 

period T,; at intersection of period curve with 

index line. The fetch scales are used in a 

similar fashion. The values of wave height 

and period determined by the fetch scales are 

used only if the height is less than that deter- 

’ mined from the duration scale. 

Plate III can also be used to determine 

whether duration or fetch is critical, and the 

fetch table on plate IX serves as a guide in this 

respect. 

Plate X contains an alignment chart for wave 

decay with an example. An explanation for 

its use follows: 

1. Use an edge of a transparent ruler or 

a straight line ruled on a strip of tracing 

vellum as an index line. 



2. Set index line on wave period Ty on 

left-hand vertical scale and on given decay 

distance on vertical decay scale. 

3. Read wave period Tp or Ty, at inter- 

section of index line with the right-hand ver- 

tical scale. 
4. Pivot index line about point of inter- 

section with turning line until index line 

intersects top horizontal scale at wave height 

Hy. 

5. Read wave height Hp or Hp, at inter- 

section of index line with bottom horizontal 

scale. 

6. Reset index line on wave period Tp on 

horizontal wave period scale at top of dia- 

gram and on given decay distance on hori- 

zontal decay scale. 

7. Read travel time tp at intersection of 

index line with travel time scale. 

ILLUSTRATIVE EXAMPLE 

Forecast of Swell for Brest and Vicinity 

A weather situation in the North Atlantic 

has been chosen as an example to illustrate the 
complete technique of swell forecasting. The 

forecaster should follow through this example 

in detail before attempting to make independ- 

ent forecasts. Since reading of the plates is 

somewhat subjective, the forecaster may not 

get exactly the results shown, but any discrep- 

ancies should be minor. 

At 0630Z on 11 March the warm section of 

a deepening low became effective as a generat- 

TABLE II.7.—Calculated quantities for illustrative 

example 

e302 Taes0z; 
11 Mar. |1 5 

No. |Symbol |1/.307 | 6302 
A B A B 

1 SG \algs 1.1 8 5 6 1.8 
2 6 |34° 35° 40° 35° 41° Silke 
38) Ue |35 45 58 34 15 25 
4) oe |63 63 65 65 65 65 
5] 0.4 |63 63 61 63 61 63 
6| U. |22 28 35 20 45 15 
7 |Curv. |None |None |None |None |Cye. | None 
8) U, |22 28 35 20 38 15 
© || ()® eee Force | Force | Force |------ Force 

7 8 5 
10) |) (Go) eee 22 28 28 35 20 
11 U_ |22 27 33 22 37 16 
al 2 (CED) | 8 13 13 21 11 
1S} | Ges) |e 5 7 60+ |14 60+ 
14 ta 2 17 19 60+ |26 60+ 
15 F  |450 700 |510 650 |650 735 
16 | tmin. |48 60+ |45 60+ |50 60+ 
17 Hy |8 13 21 11 26 6 
18 | Tr |5.0 6.3 9 3 9.2 8.2 
19 1,560 |1,410 |1,450 |1,350 |1,300 | 1,180 
20 Ty |140 |14.0 |14.9 |14.22 |15.1 |13.6 
21 |H>/H;r| .07 13 19 18 27 25 
22 | Ho |0.6 1.7 4.0 2.0 7.0 1.5 
23 to |72 7 2, HU 3 
24 | Lp |1,000 |1,000 1,150 |1,050 | 1,190 | 950 
25 | Co 2 2 41 

1 Shown by reports on original maps not reproduced. 

ing area for Brest, France and vicinity. Fore- 

casts have been prepared for Brest using the 

1830Z map of 11 March, the 0630Z and 1830Z 

maps of 12 March, and the 0630Z map of 13 

March. The calculated quantities are tabulated 

in Table II.7, using the symbols of tables II.1, 

II.2, and I1.3. 

When two wave trains arrive at the target 

simultaneously or nearly so, as shown by those 

originating from two coexistent fetches on the 

maps in figures II.5 C and D, the waves will 

interfere with each other. Therefore, the 

heights will be more variable than usual since 

the waves sometimes will be in phase ampli- 

fying one another and at other times out of 

phase canceling one another. This fact should 

be noted on the forecast. 

If subsequent weather maps showed the de- 

velopment of a secondary wind area over the 

decay distance, it would be necessary to deter- 

mine the position of each wave train from 

plate VI. The method is to enter the plate with 

Tr, proceed left until the appropriate travel 

time line is intersected, and then read from the 

bottom of the plate the distance these waves 

have traveled. Thus, in the example above, 

if the 1830Z map of 13 March showed a sec- 

ondary wind between 400 and 600 miles from 

the end of the original fetch, the wave trains 

initiated on 11 March at 1830Z and on 

12 March at 0630Z will be uninfluenced as they 

will have traveled 775 and 700 nautical miles,? 

respectively, in 48 and 36 hours. However, the 

wave trains originating later would be in- 

2 The wave train of 12 March 0630Z will travel only 

550 nautical miles in 36 hours but its point of origin 

is 150 miles closer to the target than that of the train 

of 11 March 1830Z. 
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fluenced by the secondary wind and the forecast 

should be modified accordingly. 

If later maps showed that waves from this 

fetch were no longer affecting Brest, the swell 

originating on 13 March 0630Z (fetch A)! 

should be diminished by cutting back in the 

fetch as indicated on page 21. This gives the 
following results with U = 37 knots, F = 650 

nautical miles, D = 1,300 nautical miles, and 

tz = 26 hours: 

(1) 
Frin. = 275 nautical miles 

Dyax. = 1,675 nautical miles 

Hy = 26 feet 

Ty — = 9.2 seconds 

Hy/H,p Ee, 

Tp = 16.4 seconds 

om = 67 hours 

Ap = 5.7 feet 

(2) 
F = 150 nautical miles 

D = 1,800 nautical miles 

Hy = 23 feet 

Ty —~=7.9 seconds 

H)/Hy = 15 

Tp = 16.1 seconds 

tp = 73 hours 

Hp = 3.5 feet 

(3) 
F = 75 nautical miles 

D = 1,875 nautical miles 

Hy = 18 feet 

Ty — = 6.3 seconds 

H,/Hr = .08 

Tp = 15.8 seconds 

tp = 79 hours 

Jaks = 1.4 feet 

1 Waves from fetch B are always negligible and may 

be neglected. 

The complete forecast then is: 

ty o= 6) Tp 

Map (hours) ry Geet) eS 

11 Mar. 1830Z____ 72 | 14 Mar. 1880Z | 0.6 14.0 

12 Mar. 0630Z____ 67 | 15 Mar. 0180Z | 1.7] 14.0 

12 Mar. 1830Z “A” 64 | 15 Mar. 1030Z } 4.0} 14.9 
12 Mar. 1830Z “B” 62 | 15 Mar. 0830Z | 2.0} 14.2 

13 Mar. 0630Z “A” 57 | 15 Mar. 1530Z 7.0} 15.1 
13 Mar. 0630Z “B” 53 | 15 Mar. 1130Z 1.5] 18.6 

13 Mar. 0630Z____ 67 | 16 Mar. 0130Z 5.7] 16.4 
13 Mar. 0630Z ____ 73 | 16 Mar. 0730Z 3.5 16.1 
13 Mar. 0680Z____ 79 | 16 Mar. 1830Z 1.4 15.8 

Therefore, the forecast would be for waves 

3-5 feet high on the morning of the 15th of 

March with occasional waves near 8 feet?, in- 

creasing by afternoon to 7-9 feet with occa- 

sional waves near 11 feet?, decreasing after 

midnight to 5-7 feet, and to less than 2 feet 

by mid-afternoon of the 16th of March. The 

actual forecast heights are sometimes plotted 

on a graph against the time of arrival to give 

more precise determinations, but it is doubtful 

if the method of forecast itself is sufficiently 

accurate to make this refinement worthwhile. 

It must be emphasized that this forecast rep- 

resents deep-water conditions. The height and 

period of breakers observed on any particular 

beach would depend on the underwater beach 

topography for that particular area. Pro- 

cedures for forecasting changes which occur 

when swell moves into shallow water are set 

forth in separate manuals (H.O. Pub. Nos. 234 

and 605). 

2 These figures result from adding the swells from 

each fetch and multiplying by 1.29 to give the average 

of the highest 10 percent. (See p. 4.) 
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