
CONTENTS 
Page 

FOREWORD _______ - ------- - -- - - - - - - --- - - --- - -- ---- -- -- - ----- ------- XI 

PREFACE - -- - --- -- -- -- -·-- ·- -- - -- -- -- ·-- -- -- -- ---- ---- ------------- XIII 
CHAPTER 1. THE PHYSICAL KATITRE OF WIND WAvEs________________ 1 

The Growth and Decsy of Waves__________________________________ 6 
The Depth of Wave Action_______________________________________ 9 
Hurricane or "Tidsl" Waves__ _ _ _ _ _ _ _ _ _ _ __ __ _ __ __ ______ __ ______ ___ 12 

CHAPTER 2. THE DIMENSIONS OF WAVES--------------------------- 15 
The Heights of Waves_ _ _ __ _ _ _ __ __ __ _ _ __ _ _ __ __ __ __ __ __________ ___ 15 

The Average Heights of Waves__________________________________ 21 
The Maximum Heights of Storm Wsves__________________________ 23 
Single High Wsves and Groups of High Wsves____________________ 25 

The Lengths of W s ves _______________________________ .... _ _ _ _ _ _ _ _ _ _ 26 
The Steepness of Waves _________________________ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 28 
The Velocities and Periods of Waves_______________________________ 31 
The Directions in Which Wind Waves Advance .. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 37 

CHAPTER 3. THE CONTOURS OF W AVES; THE EFFECTS OF CURRENTS 

AND OF SHOAL WATER; THE '.\IEASUREMENT OF WAVES------------- 43 
The Profiles and Surface Contours of Wsves _____ ------------------- 43 
The Effects of Currents on the Dimensions of Waves________________ 51 
Alterstions in the Dimensions of Waves Over s Shoaling Bottom___ _ _ _ 56 
The Sizes of Wsves That Are Developed in Shallow Water____________ 58 
Methods of Messuring Waves_____________________________________ 60 

CHAPTER 4. SEAS AND SWELLS---------------------------- ·-------- 63 
Alteration of Sess Into Swell,;_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 63 
The Directions of Swells__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 67 
The Persistence of Swells_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 69 
Forecssting Ses and Swell _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 70 

CHAPTER 5. THE FREQUENCY OF HI<rn AND Low SEAS AND SwELLS IN 

DIFFERENT REOION$ _____ --------------------------------------- 71 
North Atlan tic_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 72 

Summer______________________________________________________ 72 

Winter ________ ---------------------------------------------- 77 
South Atlantic ___ .. ______________________________________________ 80 
North Pacifie___________________________________________________ 82 

Summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 82 
Winter_______________________________________________________ 86 

South Pacifie ___________________________________________ .. _ _ _ _ _ _ _ 90 
North Indian Ocean _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 93 

Summer___ _ __ __ __ __ ___ _ __ ________ ________ ____ _ ___ ____ _______ 93 
Winter_______________________________________________________ 95 

South Indisn Ocea.n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 96 
CHAPTER 6. BREAKERS AND SURF; THEIR IMPORTANCE AND ÜRIGJN__ _ 99 

The Importance of Surf . ________ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 99 
The Causes of Surf_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 102 

Alterations in Length and in Velocity Over s Shosling Bottom_______ 103 
Alterstions in Height Over s Shosling Bottom_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 106 
Alterstions in Steepness_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 109 
Alterations in the Orbital Velocities of the W ster Particles ___ "_ _ _ _ _ _ 109 

III 



IV CONTENTS 

ÜHAPTER 6. BREAKERS AND SURF-Continued Page 

The Characteristics of Breakers----------------------------------- 110 
Waves of Translation _____________ ------------___________________ 115 

CHAPTER 7. THE CHARACTER OF SURF UNDER DIFFERENT CONDITIONS-- 119 
The Height of Surf______________________________________________ 119 
Depth of Water in which Surf Develops_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 126 
The Stage of the Tide as It Affects the Surf_________________________ 132 
Distance of the First Line of Breakers out from the Shore; Effects of 

BarR; N umber of Lines of Breakers_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 133 

Factors that Hinder the Development of Surf or that·Tend to Interrupt 
lt_________________________________________________________ 145 

Ledges, Shoah,, and Islands ________ -- __ __ __ _ _ _ _ ___ _ _ _ __ _ _ __ _ _ _ _ _ 145 
Tidal Currents _________________ -- -- __ -- __ __ __ __ __ __ __ __ __ __ _ _ _ 145 
Rip Currents__________________________________________________ 146 
Rail and Ice _________________________ -- ____ _ ___ ___ __ _ _ __ __ _ _ _ _ 147 

Marsh Grasses and Seawceds____________________________________ 147 
OiL _________________________________ - _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ 149 

The P~rsistence of Surf and lts Relationship to the Wind_____________ 150 
CHAPTER 8. DIRECTION AND liEIGHT OF BREAKERS IN RELATION TO THE 

RHAPE OF THE COAST _____ - - ______ - -- - - --- - - - - - -- - - - - - - - - - -- - - - - 155 
The Refraction of Waves_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 155 

The Loss of Wave Height by Refraction __________ ~----------------- 157 
Surf around the Shores of Bays __________________ ------ ~----- __ _ _ _ _ 159 
Surf around Hcadlands _______________________________ --- __ __ _ _ _ _ _ 163 

Surf around Islands______________________________________________ 168 
Submarine Troughs and Ridges as Affecting Surf____________________ 175 
Forecasting Breakers and Sur!___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 176 

Selected References_ _ _ _ _ _ _ _ _ _ _ _ _ __ . _______ • _ _ __ . __________ . 177 



TABLES 
TABLE Page 

1. Mass transport in waves of different dimensions___________________ 6 
2. Relative diameters of orbital motion with inncasing depth__________ 10 
3. Maximum hcights of waves with winds of differcnt strcngths_ _ _ _ _ _ _ _ 17 
4. Heights of waves with winds of different strcngths and durations_____ 18 
.5. Hcights of wavcs with winrts of diffcrcnt strcngths blowing ovcr dif-

fercnt fetchcs____ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18 

6. Minimum, maximum, and average wave heights for the Tradc Wind 
Bclts------------------------------------------------------- 18 

7. Fctches and duratio11s requir('d to produce waves 75 percent of maxi-
mum hcight with differ1,nt winds_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 

8. Freqncncy of wave,; of diffcrc>nt heights in diff<'rcnt rngions__________ 21 
9. Frcquency of waves of diffcn,nt hcights at South Beach, Martha's 

Vineyard __________________________________________ .. _ _ _ _ _ _ _ _ 22 
10. Average lengths of wavcs accordinµ- to the strcngth of the wind______ 27 
11. Lengths of storm wavcs observed in diffcrcnt OC('ans__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 28 
12. Average steepness of wavcs for win<ls of different strengths and 

durations_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ 2!J 
13. Maximum, minimum, and mean steepness of wavcs of <lifferent heights_ 30 
14. Corrclation between age and steepncss of growing waves____________ 31 
15. Theoretical wave pcriods and velocitics in relation to the strength and 

duration of the wind _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 32 
16. Theoretical velocities and lengths for wavcs of diffcrent pcriods_ _ _ _ _ _ 35 
17. Lengt.hs and periods of waves compute<l from observe<l periocis and 

lengths in different parts of the oceans_________________ ________ 36 
18. Ratios between the <limensions of waYes in still water and in currents_ 53 
19. Distribution of low. medium, and high seas in different latitudinal 

belts of the North Atlantic in August__________________ ___ ____ 73 
20. Frequencies of high swells on the American and Enropcan sicles of the 

North Atlantic in Jannary and February_______________ __ _______ 80 
21. Frequencies of low and high seas ann swells on the American and 

African si<les of the South Atlantic in .July and August________ _ _ 82 
22. Frequencies of low and high seas and swells on the American and 

African sides of the South Atlantic in J1urnary and February __ - _ - - 82 
23. Frequency of no swell in the Japan and South China seas in summer 

and winter__________________________________________________ 90 
24. Frequencies of high seas and swells off the west coast of Sou th America_ 91 
25. Frequencies of low and high seas and swells in the Arabian Sea and 

Bay of Bengal in winter and summer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 95 
26. Frequencies of low and high seas and swells along the Equatorial Belt 

and Southeast Trades Belt of the South Indian Ocean in winter 
and summer ________________________________ ------ ------ ____ - 98 

27. Pressures of breakers on the west coast of Scotland_________________ 101 
28. Pressures of waves at St. Augustine, Florida and Duluth Canal, Lake 

Superior____________________________________________________ 101 
29. Decrease in wave lengt.hs and velocities over a shoaling bot.tom______ 104 
30. Frequencies of waves of different periods at South Beach, Martha's 

Vineyard _______________________ ---------------------------- 106 

V 



VI TABLES 

TABLE Page 

31. Alterations in wave height over a shoaling bot tom_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 108 
32. Breaker heights, and depths at which breaking occurs for waves of 

different dimensions__________________________________________ 121 
33. Ratio of breaker height to offshore height for waves of different degrees 

ofsteepness------------------------------------------------- 121 
34. Frequencies of breakers higher than 5 and 10 feet along the east coast 

of the United States__________________________________________ 151 
35. Angles of breakers with the beach for waves of different degrees of 

steepness approaching at different angles _______________________ . 157 
36. Alteration of the angle between wave crest and shore line in shoaling 

water_______________________________________________________ 157 
37. Decrease in wave height due to refraction over a shoaling bottom_ _ _ _ 159 



ILLUSTRATIONS 
Figures in Text 

FIGURE Page 
U. S. Navy destroyer in a heavy sea ________________________ Frontispiece 

1. Movcments of beach grass in a low swcJL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 
2. Orbital movements of water particles in wim\ waves_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 
3. Movements of water particles in shallow water____________________ 4 
4. Ripple marks at the hottom of the Gulf of Maine_______________ __ 12 
5. Graph showing the theoretical relationship hetween wave lengths, 

velocit.ies, and periods in deep water ________________ . _ _ _ _ _ _ _ _ _ _ _ 36 
6. lsoharic distribution over the North Atlantic__________ _ _ _ _ _ _ _ _ _ _ 3\1 
7. Diagram showing the relative directions of the advance of waves and 

of winds by which they are generated_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40 
8. Directions of winrls and waves in a tropical hurricane__________ 40 
9. Profile of a wave of trochoicl form ______ . _ _ _ _ __ _ 43 

10. Profile of a trochoid wave showing angle of a hoat at st.ecpest part of 
crest ____________ . _ . ________________ . __ . _______ . _______ . _ _ _ _ 44 

11. Theoretical profile of steepest possible wave _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 44 
12. Profiles of waves of c\ifferent degrees of steepness___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 45 
13. Sm aller waves ru1111i11g 011 top of an oldcr swcll _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 7 
H. Moderately heavy sea in the North Atlantic _ _ _ _ _ . _ _ _ _ _ _ _ _ 48 
15. Surface configuration of the front of a wavc about 19 fect high .. _ _ _ _ _ 4!) 
16. Surface configuration of the back of a wave 27 fect high .. _ __ _ _ _ _ _ _ _ 50 
17. Peaks developed hy interference __________________ . ______ . _ _ _ _ _ _ _ 52 
18. A moderately high ami brcaking sea _____________________________ . 64 
19. Back of the crest of a high and hrcaking storm wavc _ . ___________ . _ _ (i5 
20. Diagram to show changes in dircctiorn, from which swclls corne with the 

advancc of a '!torm center __________ . ______ . __ . ______ . _ _ __ fi8 
21. Graph showin!!: the theoretical alteration of wavcs a1h·a11cing ovcr a 

shoaling hot tom __________________________ .. _______ . ____ . _ . _ _ 103 

22. A breaker of the pl1111ging type, slwwinl( st.ages of developmcnt ___ . _ _ 111 
2a. Oblique view of a hrcakerof the plunging type____________________ 112 
24. Aerial photograph of breakers of the phmging type ______________ . _ _ 113 
25. Breakers of spilling and plunging types___________________________ 114 
26. A breaker fntermer\iate between phmging and spilling types__ 116 
27. A wave of translation preceding a breaker up a gently sloping heach_ _ 117 
28. Heavy surf heatfog against the houlevarrl at \Yinthrop, 'llass________ 119 
29. Surf almost wholly envelopinii: :\linot's Liii:ht, 'llassachusctts 120 
30. Breakers caused by swclls which arc harc\ly visible offshore___________ 125 
31. Pattern produced hy hreakers from 1\ifferent directions __________ .__ 128 
32. Waves hreaking farther out at the mouth of a tidal inlct than along the 

neighhoring beach _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____________ . _ . ___ . ___ . _ _ _ _ 12!1 
33. Breaker devcloping against the hase of l\fi11ot's Light, :\la.~sach11sett.s_ _ 133 
34. Wave breaking close to the tirle line on a st.eeply slopi11g hPach .. _ . _ _ _ 134 
35. Surf exte11ding 5,000 fcet out from shore_________________________ _ _ 136 
36. Surf developing over bars, with and without surf 011 the heach____ 137 
37. Surf with two chief linei,; of hreakers off the Hawaiia11 bla111Js _____ . _ _ 138 
38. l\foderately heavy breakers on two bars and on the heaeh behi111\ 

them_______________________________________________________ 139 

Vll 



VIII ILLUSTRATIONS 

FIOUBB Page 
39. Five or six lines of breakers with breaking waves farther offshore_____ 141 
40. Low breakers over neighboring shoals, and same locality at low tide__ 143 
41. Heavy breakers off Adak, Aleutians ______ . _ __ __ __ _ ___ _ _ __ _ __ ___ _ _ 144 
42. Aerial photograph of a rip current________________________________ 146 
43. Smooth sea in an icefield_______________________________________ 148 
44. Breaker developing against an offshore winrl_ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 152 
45. Refraction of waves around headland and islet into a bay ___ . _ _ _ _ _ _ _ 156 
46. Diagram illustrating the refraction of waves along a straight shore 

line ______ - - - ___ - - - - - _ -_ - -_ - - - - - _ - - - - - - - - - - - . - _ - - ______ . ___ - _ 158 
47. Diagram of waves advancing from two directions onto a short, rounded 

beach-----------------------------------------------·------- 161 
48. Chal't of St. Mary Bay, Nova Scotia ______ ----------------------- 163 
49. Surf around a low-lying projection of the Hawaiian coast_ _ _ __ _ _ __ __ 164 
50. Surf dashing against headland at the entrance to Havana Harbor____ 164 
51. Diagram illustrating the refraction of waves around an abrµpt corner 

of the coast ___________________________ - ___________________ - - 166 
52. Sketch map of Duluth Harbor___________________________________ 168 
53. Diagram illustrating the refraction of waves around a circular island_ _ 169 
54. Chartof No Man's Land, Masi;,achusetts__________________________ 171 
55. Chart of St. Pierre Island, off the south coast of Newfoundland______ 172 
56. Chart of Nukuoro Atoll, Caroline Group__________________________ 174 
57. Chart of Arno Atoll, Marshall Group_____________________________ 175 



PLATE LEGENDS 

Plates follow Chapter 5 

Plate 1.-Distribution of high sens in the North Atlantic in August and ln the 
Houth Atlantic in July and Au~ust. 

Plate IL-Distribution of low seas in the North Atlantic in August and ii1 the 
:5,'outh Atlantic in July and August. 

Plate III.-Distl"ibution of high swells in the North Atlantic in August und in 
the South Atlantic in July and August. 

Plate IV.-Distribution of low swells in the North Atlantic in August and in the 
South Atlantic in July an!l August. 

Plate V.-Distribution of high seas in the North and Houth Atlnntic in January 
111111 I<'ebruar)·. 

Plate VI.-Distribution of low seas in the North and South Atlantic in .Tanuary 
and I<'ebruary. 

Plate VII.-Disti·ibution of high swells in the North and South Atlantic in Jan
uary ami February. 

Plate VIII.-Disti·ibution of Jc:;w swells in the North and South Atl:111tic in Jun
uary und l•'ebruary. 

Plate IX.-Disti·ibution of high seus in the North Pacifie in August and in the 
South Pacifie in July and August. 

Plate X.-Distribution of low seas in the North Pacifie in August and in the South 
Pacifie in July and Aui.'Ust. 

Plate XI.-Distribution of high swells in the North Pacifie in August and in the 
South Padflc in July and Augm,t. 

Plate XII.-Distl·ibution of low swells in the North Padflc in August and ln the 
South Pacifie in Jul)· aud August. 

Plate XIII.-Distribntlon of high sens in the North Pacifie in February and in 
the South Pacifie in .January ami I<'eb1·u111·)·. 

Plate XIV.-Distribution of low sens in the North Pacifie ln February and in 
the South Pueitlc in January and I<'ebruary. 

Plate XV.-Dlstribution of high swells in the North Pacifie in I<'ebruary and in 
the South Pucitic in Jurnrnry :md I<'Pbruary. 

Plate XVI.-Distribution of low swells in the North Pat"lfie in February and in 
the South Pul"itic in January and Febr,1111·y. 

Plate XVII.-Db<tribution of high s('as in th(' Indian Ocenn ln July and August. 
l'l11t(' XVIII.--Distribution of low sens in the lndi11n Oce11n in ,l'uly and August. 
l'Jute XIX.-Distr·ibution of high SW('lls in the Indinn Ocean in J1tly and August. 
Plute XX.-Distribution of low SW('lls in the I11di11n Oc('tlll ln Jul)· and August. 
Pinte XXI.-Distribution of high seas in the Indian Ocean in Janunry and 

Februar)·. 
Pinte XXII.-Distribution of Iow seus in the Indian Ocean in Jannnry nnd 

F('bruury. 
Plate XXIII.-Distrlbution of hlgh sw('lls in the Indinn Ocean in Jnnuary and 

February. 
Plate XXIV.-Dlstribution of Iow swells ln the Indian Ocean in January and 

February. 




